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LETTER OF TRANSMITTAL, 


DEPARTMENT OF THE INTERIOR, 
CENSUS OFFICE, 
WASHINGTON, D. C., September 24, 1884. 
Hon. H. M. THLLER, 
Secretary of the Interior. 

Str: I have the honor to transmit herewith the tenth volume of the quarto series comprising the final report 
on the Tenth Census. The volume contains three reports, viz: (1) On the Production, Technology, and Uses of 
Petroleum and its Products, by S. F. Peckham; (2) on the Manufacture of Coke, by Joseph D. Weeks; (3) on 
the Building Stones of the United States and Statistics of the Quarry Industry, by George W. Hawes et al. 

The report on the building stones of the United States was originally confided to the late Dr. George W. 
Hawes, curator of the department of mineralogy and lithology in the National Museum, whose regretted death 
prevented its completion by himself. After his decease the work was continued on the general plan originally 
designed, and under the subsequent supervision of Mr. Henry Gannett was brought to completion. The names of 
the authors who assisted in its preparation are appended to such chapters or parts as were contributed by them. 

I have the honor to be, very respectfully, your obedient servant, 
C. W. SEATON, 
Superintendent of Census. 
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Part I, 


THE NATURAL HISTORY OF PETROLEUM, TOGETHER WITH A DESCRIPTION OF THE METHODS EMPLOYED IN THE 
PRODUCTION, TRANSPORTATION, AND SALE OF PETROLEUM IN THE UNITED STATES, AND STATISTICS OF 
THE PRODUCTION OF PETROLEUM IN THE UNITED STATES AND FOREIGN COUNTRIES DURING THE YEAR 


ENDING MAY 31, 1880. 
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LHETTHR OF TRANSMITTAL. 


PROVIDENCE, R. I., October 6, 1882. 
Hon. C. W. SEATON, 


Superintendent of Oensus. 

Sir: I herewith submit my report as special agent for collecting the statistics of the mining and manufacture 
of petroleum for the year ending May 31, 1880. 

The statistics of mining were gathered, as stated in the chapter devoted to their consideration, by personal 
interviews with those parties who handled the oil, and from a careful examination of the localities producing it. 

The statistics of manufacture were obtained by means of a printed schedule of questions, which was addressed 
to each firm or corporation engaged in manufacturing petroleum. The answers to the questions contained in 
these schedules were consolidated into the separate items as given in the report. 

An examination of the literature of petroleum revealed a very large number of articles and references, some 
of which were of even classical antiquity, but the larger number of which had been published within the present 
century. Very few bound volumes have been devoted to the general consideration of the subject; and none 
of these, while each valuable as presenting some of its particular aspects, were to be considered as embracing 
the results of a comprehensive research with reference to all of its varied details. It was therefore thought 
advisable to make this report an authority upon the subject of which it treats, as embodying the results of a 
careful examination of the entire literature of petroleum, as well as a careful use of all other available sources 
of information. The three aspects of the subject—the natural history, technology, and uses of petroleum and its 
compounds—were each considered under its several appropriate divisions, these forming the subjects of separate 
chapters. Each of these several chapters, in turn, represents a special research and constitutes a separate independent 
essay. This arrangement, it is hoped, will facilitate the use of the report for all the varied purposes for which it 
may be sought. Any further details will, I think, be readily apparent upon an inspection of the work itself. 

I wish herewith to express my great obligations to all of those from whom I have solicited assistance in the 
collection of the statistical material for this report. Without the cordial co-operation of the officers of the great 
corporations which produce, distribute, and manufacture petroleum, together with a very large number of private 
individuals, my labors would have been in vain; and I make this statement, appreciating the fact that this 
assistance in a great number of instances involved a large amount of perplexing labor, gratuitously rendered from 
an appreciative estimate of the work upon which the Census Office has been engaged. When hundreds of persons 
throughout the country, engaged in the production, transportation, and manufacture of petroleum, uniformly 
_ rendered all of the assistance in their power, it is both difficult and unfair to make distinctions. I had rather 
repeat what I have said privately: that the patience, forbearance, and uniform courtesy with which I have been 
met by all parties representing the petroleum interest has been extremely gratifying. 

In securing information other than statistical Iam under great obligations to Professor J. P. Lesley and his 
assistants, of the second geological survey of Pennsylvania, particularly Mr. J. F. Carll, of Pleasantville, 
Pennsylvania. Beside the obligation involved in extensive quotation from Mr. Carll’s published reports, his 
personal assistance in the way of introduction to both persons and places throughout the oil-producing section 
proved invaluable. I feel that whatever value the report may possess in reference to the geology of West Virginia 
is due to Mr. F. W. Minshall, of Parkersburg, West Virginia, who, in addition to furnishing the geological sections, 


rendered me further assistance in introductions and information involving a long correspondence. 
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vill LETTER OF TRANSMITTAL. 


In collecting the statistics of foreign localities I am under special obligations to Mr. Boverton Redwood, of 
London, England; Mr. E. W. Binney, of Manchester, England; Dr. Ferd. Roemer, of Breslau, Silesia; M. P. E. De 
Ferrari, of Genoa, Italy; Rev. J. N. Cushing, of Prome, Burmah; Dr. James Harris, of Yokohama, Japan; and. 
William Brough, esq., of Franklin, Pennsylvania. To all of these gentlemen I am indebted for the careful collection 
of statistics and private correspondence. 

The extent and value of my researches upon the literature of petroleum have been largely due to the assistance 
that I have received from the librarians of Brown University, Harvard College, the Boston Public Library, and 
the American Philosophical Society, and especially to Professor J. D. Whitney, whose valuable private library 
was generously placed at my disposal. With the exception of a few Kast Indian publications, these libraries. 
enabled me to verify all of the references with which I came in contact. 

Mr. J. ©. Welch, of New York, whose statistics and reports bear such a deservedly high reputation for 
reliability, has rendered me much varied and valuable assistance not otherwise available. 

I wish further to express my obligations to Miss Laura Linton, who has assisted me in the preparation of this. 
report, and to whose varied accomplishments I am indebted for many of the translations and illustrations that 
add completeness and embellishment to the work; also to the officials of the Census Office, to whose uniform 
courtesy I am indebted for assistance in a somewhat arduous and perplexing undertaking. 


Very respectfully, S. F. PECKHAM 
A oe A ML, 


Special Agent. 





are SHE UB ARY 
eS ere es OF He ie wet 
ar WHIKERSILY AF (LINGUS 






£ 
— 
* 
: 
; 
S- 
iS 
: 
% “ * 
me fh ae ae 
© - « 
Sirs . 
> @é 
7 “A 4 
' ay r "ee x 
in) sd 4 . 




















LIDS 


ate 








teat 
_ 


ont / ‘ 3 
hae ee . 
WA 
,) \ \ 
Ay § 


/ 


Areas where Bitumen occurs. 





ME A205 of more or less productive wells 


NOTE.— 

The large area includes the localities that 
have produced Petroleum east of the Missis- 
sippi River, but is not intended to indicate a 
‘region over Which BiTuMEN is-uniformly dis- 
tributed. . 





no? 








Bl ihe 713° 1) ies 109° 107° 


PSU 
Be 














100 





200 











Pe 
eat a 





= a o Bee LAY 
—showing the areas that have — 
~ -==PRODUCED BITUMEN —- __ 
-IN THE — 
UNITED STATES: — 
-AND— 


~~ GANADA,— 


ooo 











89° C7 > 





























PAG le 


THE NATURAL HISTORY OF PETROLEUM, 


TOGETHER WITH 


A DESCRIPTION OF THE METHODS EMPLOYED IN THE PRODUCTION, TRANSPORTATION, 
AND SALE OF PETROLEUM IN THE UNITED STATES, 


AND 


STATISTICS OF THE PRODUCTION OF PETROLEUM IN THE 
UNITED STATES AND FOREIGN COUNTRIES 


DURING THE 


YEAR ENDING MAY 31, 1880. 











1 Y 
oe ee | THE, LiBBAaT 
| OF THE 
DWIVERSITY AF ALARMS, 





Te Ag eel b: 


CuHapTeR I.—HISTORY OF THE DISCOVERY OF PETROLEUM AND THE 
DEVELOPMENT OF THE PETROLEUM INDUSTRY. 


SECTION 1—HISTORICAL NOTICE OF BITUMEN PRIOR TO THE YEAR 1800. 


The word petroleum means rock-oil, and in its present form it is adopted into English from the Latin. Its 
equivalents in German are Hrdol (earth-oil) and Steindl (stone-oil) ; in French and the other languages of southern 
Europe the word is Pétrole—equivalent to petroleum. Within a few years the Germans have also used the word 
“petroleum”, 

Petroleum is one of the forms of bitumen, and cannot be discussed historically except in connection with the 
other forms. These are: 

Solid: Asphaltum.—German, Asphalt, Erdharz, or Erdpech; French, Asphalte. 

Semi-fluid: Maltha.—French, Goudron minéral; Spanish, Brea. 

Fluid: Petroleum; Volatile: Naphtha.—German, Naphta, from Persian Nafta or Neft gil. 

Gaseous: Natural gas.—Of burning springs. . 

The word Nafta appears to have been used by the Persians, and its equivalent, Naphtha, has been frequently 
used in European literature to designate what is now called petroleum, and not the most volatile form of fluid 
bitumen occurring in nature. Solid bitumen is to be distinguished from coal in the manner of its occurrence, and 
_also by the action of various solvents, especially benzole and carbon disulphide, which dissolve asphaltum, but have 
no action upon coal. 

Bitumen has been known and applied to the uses of mankind from the dawn of history. Its very wide 
distribution has led to its frequent notice by observers of natural phenomena, and the records of such observations 
have been as widely extended as the occupation of the earth by civilized man. Herodotus wrote of the springs in 
the island of Zante as follows: 

I have myself seen pitch drawn up out of a lake and from water in Zacynthus; and there are several lakes there; the largest of 
them is seventy feet every way, and two orgy@ in depth; into this they let down a pole with a myrtle branch fastened to the end, and 
then draw up pitch adhering to the myrtle; it has the smell of asphalt, but is, in other respects, better than the pitch of Pieria. They 
pour it into a cistern dug near the lake, and when they have collected a sufficient quantity they pour it off from the cisterns into jars. (a) 

The springs called Oyun Hit (the fountains of Hit) are celebrated by the Arabs and Persians, the latter calling 
them Cheshmeh Kir (the fountain of pitch). This liquid bitumen they call Nafta ; and the Turks, to distinguish it from 
pitch, give it the name of Hara sakir (black mastic). Nearly all modern travelers who went to Persia and the 
Indies by way of the Euphrates before the discovery of the cape of Good Hope speak of this fountain of bitumen. 
Herodotus mentions that “eight days’ journey from Babylon stands another city called Is, on asmall river of the same 
name, which discharges its stream into the Euphrates. Now this river brings down with its water many lumps of 
bitumen, from whence the bitumen used in the wall of Babylon was brought”. (D) 

The people of the country have a tradition that when the tower of Babel was building they brought the bitumen 
from hence. At the pits of Kir ab ur Susiana bitumen is still collected in the same manner as related by 
Herodotus. (¢) He says: 

At Ardericca is a well which produces three different substances, for asphalt, salt, and oil are drawn up from it in the following 
manner: It is pumped up by means of a swipe, and, instead of a bucket, half a wine skin isattached to it. Having dipped down with this, 
aman draws it up, and then pours the contents into a reservoir, and, being poured from this into another, it assumes these different forms: 


the asphalt and the salt immediately become solid, but the oil they collect, and the Persians call it Rhadinance; itis black, and emits a strong 
odor. 








a Herodotus, i, 119, iv, 195; B.S.G.F., xxv, 62; J.S.A., vii, 639. b Ibid., i, 179; J.S.A., vii, 639, 640.  ¢ Ibd., vi, 119. 
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4 PRODUCTION OF PETROLEUM. 


Strabo (a) mentions the occurrence of bitumen in the valley of Judea, and describes the commerce carried on 
in this article by the Arab Nabathenes with the Egyptians for the purpose of embalming; also the manner of its 
occurrence, rising during or after earthquake shocks to the surface of the Dead sea and forming masses resembling 
islands. Diodorus, of Sicily, describes the lake Asphaltites and the manner in which the savage inhabitants of the 
country construct rafts, and continues: 

These barbarians, who have no other kind of commerce, carry their asphalt to Egypt and sell it to those who make a profession of 


embalming bodies, because, without the mixture of this material with the other aromatics, it would be difficult for them to 7 Pons them 
for a long time from the corruption to which they are liable. (6) 


This bitumen, with that from the springs of Hit, on the Euphrates, of which Eratosthenes has given such 
interesting details, and which served to cement the bricks of Babylon, is also used for coating ships, (¢c) and is still 
used in our own time for coating boats on the Euphrates. (d) 

The semi-fluid bitumen was used in the construction ef Nineveh and Babylon to cement bricks and slabs of 
alabaster, and the grand mosaic pavements and beautifully inscribed slabs used in the palaces and temples of 
these ancient cities, many of which were of enormous size, were fastened in their places with this material. It was 
also used to render cisterns and silos for the preservation of grain water-tight, and some of these structures of 
unknown antiquity are still found intact in the ancient cities of Egypt and Mesopotamia. The naphtha is more 
highly valued than the solid bitumen, the most fluid varieties being used in lamps. The Persians. also manufacture 
dried dung in long sticks, which are dipped in naphtha and burned for lights, and it is also used for cooking and 
heating; but in order to avoid the unendurable smell a peculiar kind of chimney is carried into each room. Cotton 
wicks are also used in naphtha to some extent. The white or colorless naphtha, which is most rare, is used by 
the apothecaries. (e) 

Aristotle, Strabo, Plutarch, Pliny, and others describe at some length deposits of bitumen occurring in Albania, 
on the eastern shores of the Adriatic sea, (f) and similar notices of petroleum springs and gas wells in China occur in 
the earliest records of that ancient people. Pliny and Dioscorides described the oil of Agrigentum, which was used 
in lamps, under the name of “ Sicilian oil”. 

The soft bitumen in the Euphrates valley is that of which we have the earliest mention. (g) The word translated 
slime in the English version of Genesis xi, 3, is dcgaAtos in the Septuagint and bitumen in the Vulgate, and this is 
what is meant. The great abundance of petroleum at Baku, on the Caspian sea, and the remarkable sight presented 
by the flaming streams of oil and discharges of gas, have been the subject of many descriptions. The fire temple at 
Baku has had a special interest in connection with India, not only from its general similarity to that of Jawalamahki, 
near Kangra, in the Punjab, (h) but also from the circumstance that the Baku temple has for a long time and down 
to the present day been, like the other, a place of Hindoo pilgrimage. The great conflagrations of oil upon the 
ground have not been constant, and hence many travelers do not mention them. 

Marco Polo describes the great abundance of the discharges of oil at Baku, and says that people came from a 
vast distance to collect it. (?) Baku is described by Kaempfer, who was there in 1684.(j) In 1784 it was visited by 
Forster, on his journey from India to England, who has given an account of the place and of the Hindoo merchants 
and mendicants residing there. 

Between Kaempfer and Forster came Jonas Hanway, who gives a description of Baku, the fire temple, and the 
Hindoos, and the great quantities of oil obtained at that time, chiefly from certain islands in the Caspian sea. 
Descriptions are given by other travelers, ancient and modern, of this oil region,(k) of the copious discharges of 
white and black naphtha, the streams of flaming oil on the hillsides, the gas and the fire temple, and the explosive 
effects of the ignition of the gas mixed with atmospheric air. (1) 

A tradition is preserved in Plutarch that a Macedonian who had charge of Alexander’s baggage is said to have 
dug on the banks of the Oxus: “ There came out, which diffired nothing from natural oile, having the glosse and 
fatness so like as there could be discovered no differense between them.” (m) 





a Tome XVI, ch. ii. 

b Tome I L, II., cap. xxix. 

e Strabo, I, xvi, cxii. 

d Lartet, B. B1G.E,cXiv, 'p. 12. 

e Ritter’s Erdkunde, IL, 578. 

f Strabo, VI, 763; Pliny, N. H., VII, 13; Josephus, B. I., IV, 8, 4; Tacitus, Hist., V, 6; Mandeville, Iacahon! etc. Plutarch: Life of 
Sylla; Dion ashe Rom. Hist. ec. XLI; Bilian Variez Hist., XIII, 16; quoted in B. S. G. a XXV, 21. 

g Herod, I, 179; Philostr. Apoll. Toe Lie kee D’Herbelot, Biblioth. Or. 0. v. Hit. 

h G. T. Vigne, Travels in Cashmir and Little Thibet, 1842, p. 138. 

i Book I, ch. III (vol. I, p. 46, Col. Yule’s ed., 1871), note in Marsden’s ed. 

j Amoenit. Exot., p. 224. Colburn’s Nat. Libr., i, 263. 

k Wonders of the East, by Friar Jordanus, p. 50 (Colonel Yule’s note) ; Keppel’s Journey from India to England, 1824; A Journey from 
London to Persepolis, by J. Usher, 1865; Morier’s Journey; Kinneir’s Persia; Some Years’ Travels, by Tho. Herbert, 1638. 

1 I am indebted for many of the preceding facts and references to an excellent article on “Naphtha” by M. C. Cooke, J. S. A., vii, 
688; also, Colonel R. Maclagan, on the ‘‘Geographical Distribution of Petroleum and Allied Products”, P. B. A. A. S., 1871, 180. 

m Sir 'Thomas North’s translation of Plutarch’s Lives, ed. 1631, p. 702. 


THE NATURAL HISTORY OF PETROLEUM. D 


The occurrence of petroleum in North America was noticed by the earliest explorers, as the Indians dwelling in 
the vicinity of the great lakes applied it to several purposes, and thus brought it to the attention of those who went 
among them; but the earliest mention that has come under my notice is of 1629. A Franciscan missionary, Joseph 
de la Roche D’Allion, who crossed the Niagara river into what is now the state of New York, wrote a letter, in 
which he mentions the oil-springs and gives the Indian name of the place, which he explained to mean, ‘There is 
plenty there.” This letter was published in Sagard’s Histoire du Canada, 1632, and subsequently in Le Clerc. 

Peter Kalm published in Swedish about the middle of the last century a book of travels, in which was a map, 
on which the springs on Oil creek were properly located. This book has been translated into English, and an 
edition was published in London in 1772. 

In the first volume of the Massachusetts Magazine, published in 1789, appears the following notice: (a) 

In the northern part of Pennsylvania is a creek called Oil creek, which empties into the Allegheny river. It issues from a spring, on 
which floats an oil similar to that called Barbadoes tar, and from which one may gather several gallons in a day. The troops sent to 


guard the western posts halted at this spring, collected some of the oil, and bathed their joints withit. This gave them great relief 
from the rheumatism with which they were afflicted. The water, of which the troops drank freely, operated as a gentle purge. 


The earliest records of voyages and travels among the Seneca Indians who occupied northwestern Pennsylvania 
and southwestern New York contain observations respecting the reverence paid the oil-springs of Oil creek and 
the contiguous valleys by this people, not only using it for medicinal purposes, but also in religious observances. 

-»The French commander of Fort Duquesne in the year 1750 writes as follows to General Montcalm: 

I would desire to assure you that this is a most delightful land. Some of the most astonishing natural wonders have been discovered 
by our people. While descending the Allegheny, fifteen leagues below the mouth of the Conewango and three above the Venango, we 
were invited by the chief of the Senecas to attend a religious ceremony of his tribe. We landed, and drew up our canoes on a point 
where a small stream entered the river. The tribe appeared unusually solemn. We marched up the stream about half a league, where 
the company, a band it appeared, had arrived some days before us. Gigantic hills begirt us on every side. The scene was really sublime. 
The great chief then recited the conquests and heroism of their ancestors. The surface of the stream was covered with a thick scum, 
which, upon applying a torch at a given signal, burst into a complete conflagration. At the sight of the flames the Indians gave forth 
the triumphant shout that made the hills and valleys re-echo again. Here, then, is revived the ancient fire-worship of the East; here, 
then, are the children of the Sun. (b) 


In 1765 the English government sent an embassy to the court of Ava, in Burmah. In the journal of that 
embassy, by Major Michael Symes, may be found a description of the petroleum wells in the neighborhood of 
Yenangyoung (Earth-oil creek), a small tributary of the Irrawaddy. For an unknown period the whole of Burmah 
and portions of India have been supplied with illuminating oil from this source, particularly those regions that are 
reached by the Irrawaddy and its tributaries. 

On page 261 of Symes’ Journal we read: 


After passing various lands and villages, we got to Yenangyoung, or Earth-oil creek, about two hours past noon. We were 
informed that the celebrated wells of petroleum which supply the whole empire and many parts of India with that useful product were 
five miles to the east of this place. The mouth of the creek was crowded with large boats waiting to receive a lading of oil, and 
immense pyramids of earthen jars were raised in and around the village, disposed in the same manner as shot and shell are piled in an 
arsenal. This is inhabited only by potters, who carry on an extensive manufactory and find full employment. The smell of the oil is 
extremely offensive. We saw several thousand jars filled with it ranged along the bank; some of these were continually breaking, and 
the contents, mingling with the sand, formed a very filthy consistence. 


Late in the last century springs of petroleum were noticed in West Virginia, in Ohio, and in Kentucky, as 
explorers and settlers began to penetrate the country west of the Alleghany mountains. 


SrcTion 2.—HISTORICAL NOTICE OF BITUMEN FROM THE YEAR 1800 TO 1850. 


In Europe, early in the present century, chemists examined the bitumen of the Val de Travers.(c) The gas 
springs of Karamania, noticed by Ctesias more than two thousand years before, again attracted attention, (d) and 
the asphalt deposits of Albania, mentioned by Strabo and Pliny, were again described by Pouqueville. (e) 

In 1811 Dr. Nicholas Nugent visited the West Indies, and on his return to England wrote an account of the 
famous pitch lake of Trinidad, near the mouth of the river Orinoco. (f) He described the wonderful beauty of the 
tropical island, with its more wonderful lake of solid yet plastic bitumen, on which were pools of water containing 
fish and islands of verdure thronged with brilliant birds. 

From 1820 to 1830 remarkable activity was manifested in the investigation of the nature and occurrence of 
bituminous substances. The Hon. George Knox read a communication to the Royal Society of Great Britain, in 
which he noticed the wide distribution of these substances in nature, and the fact that even so-called eruptive rocks 





a Am. Orble ae Y d Beaufort: Survey of the Coast of Karamania, 1820, p. 24. 
b Henry’s Early and Later History of Petroleum, p. 11. e Voyage en Gréce, 1820, 1, 271; B. 8. G. F., xxv, 22. 
c De Saussure, A. C. N. P. (2), iv, 314, 620, 308. fa Le Gress (Lis Oos 
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were rarely found entirely destitute of bitumen as an ingredient. This paper attracted much attention. (a) In 1824 
Reichenbach discovered paraffine in the products of the destructive distillation of wood, (b) and in the following 
year Gay-Lussac analyzed it. (c) . 

In 1826 the British government sent a second embassy to Ava, and in the journal of that embassy the ambassador, 
Hon. John Crawfurd, again describes the petroleum wells of Rangoon, and furnishes many details respecting 
the method of their operation and the amount of their product. (d) 

Boussingault investigated the bitumen of Pechelbronn, on the lower Rhine, and compared its peculiarities 
with those of bitumens from other localities. His work on these substances became very celebrated, and has been 
very widely quoted. (e) These researches created a lively interest in France, and led to much experimenting upon 
both solid and liquid bitumens, with a view to ascertaining the purposes to which they might be applied. 

During this period the first well was bored in the United States that produced petroleum in any considerable 
quantity. As the first well bored or drilled for brine was the legitimate precursor of all the petroleum wells in the 
country, an historical account of it is introduced here, taken from a paper written by Dr. J. P. Hale, of Charleston, 
West Virginia, for the volume prepared by Professor M. F. Maury, and issued by the State Centennial Board, on 
the resources and industries of the state. He says: 


It was not until 1806 that the brothers, David and Joseph Ruffner, set to work to ascertain the source of the salt water, to procure, 
if possible, a larger supply and of better quality, and to prepare to manufacture salt on a scale commensurate with the growing wants of 
the country. 

The Salt Lick, or ‘‘ the Great Buffalo Lick”, as it was called, was just at the river’s edge, 12 or 14 rods in extent, on the north side, a 
few hundred yards above the mouth of Campbell’s creek, and just in front of what is now known as the ‘‘ Thoroughfare Gap”, through 
which, from the north, as well as up and down the river, the buffalo, elk, and other ruminating animals made their way in vast numbers. 
to theilicki 7) > 

In order to reach, if possible, the bottom of the mire and oozy quicksand through which the salt water flowed they (the Ruffner 
brothers) provided a straight, well-formed, hollow sycamore tree, with 4 feet internal diameter, sawed off square at each end. This is 
technically called a ‘“‘gum”. This gum was set upright on the spot selected for sinking, the large end down, and held in its perpendicular 
position by props or braces on the four sides. A platform, upon which two men could stand, was fixed about the top; then a swape was 
erected, having its fulcrum in a forked post set in the ground close by. A large bucket, made from half of a whisky barrel, was attached 
to the end of the swape by a rope, and a rope was attached to the end of the pole, to pull down on, to raise the bucket. With one man 
inside the gum, armed with pick, shovel, and crowbar, two men on the platform on top to empty and return the bucket, and three or four 
to work the swape, the crew and outfit were complete. 

After many unexpected difficulties and delays the gum at last reached what seemed to be rock bottom at 13 feet. Upon cutting it 
with picks and crowbars, however, it proved to be but a shale or crust about 6 inches thick of conglomerated sand, gravel, and iron. 
Upon breaking through this crust the water flowed up into the gum more freely than ever, but with less salt. 

Discouraged at this result, the Ruffner brothers determined to abandon this gum and sink a well out in the bottom, about 100 yards. 
from the river. This was done, encountering, as before, many difficulties and delays. When they had gotten through 45 feet of alluvial 
deposit they came to the same bed of sand and gravel upon which they had started at the river. To penetrate this they made a 34-inch 
tube of a 20-foot oak log by boring through it with a long-shanked auger. This tube, sharpened and shod with iron at the bottom, was. 
driven down, pile-driver fashion, through the sand to the solid rock. Through this tube they then let down a glass vial with a string, to 
catch the salt water for testing. 

They were again doomed to disappointment. The water, though slightly brackish, was less salt than that at the river. They now 
decided to return to the gum at the river, and, if possible, put it down to the bed-rock. This they finally succeeded in doing, finding the: 
rock at 16 to 17 feet from the surface. 

As the bottom of the gum was square and the surface of the rock uneven, the rush of outside water in the gum was very troublesome.. 
By dint of cutting and trimming from one side and the other, however, they were at last gotten nearly to a joint, after which they 
resorted to thin wedges, which were driven here and there as they would ‘do the most good”. 

By this means the gum was gotten sufficiently tight to be so bailed out as to determine whether the salt water came up throngh the- 
rock. This turned out to be the case. The quantity welling up through the rock was extremely small, but the strength was greater than 
any yet gotten, and this was encouraging. They were anxious to follow it down, but how? They could not blast a hole down there- 
under water; but this idea occurred to them: They knew that rock-blasters drilled their powder holes 2 or 3 feet deep, and they concluded 
they could, with a longer and larger drill, bore a correspondingly deeper and larger hole. They fixed a long iron drill, with a 24-inch. 
chisel bit of steel, and attached the upper end to a spring pole with a rope. In this way the boring went on slowly and tediously, till on. 
the 1st of November, 1807, at 17 feet in the rock, a cavity or fissure was struck, which gave an increased flow of stronger brine. This. 
gave new encouragement to bore still further; and so, by welding increasing length of shaft to the drill from time to time, the hole was: 
carried down to 28 feet, where a still larger and stronger supply of salt water was gotten. 

Having now sufficient salt water to justify it, they decided and commenced to build a salt furnace, but, while building, continued. 
the boring, and on the 15th January, 1808, at 40 feet in the rock and 58 feet from the top of the gum, were rewarded by an ample flow 
of strong brine for their furnace, and ceased boring. 

Now was presented another difficulty: how to get the stronger brine from the bottom of the well, undiluted by the weaker brines. 
and fresh water from above. There was no precedent here; they had to invent, contrive, and construct anew. A metal tube would 
naturally suggest itself to them; but there were neither metal tubes, nor sheet metal, nor metal workers, save a home-made blacksmith, 
in all thisregion, and to bore a wooden tube 40 feet long, and small enough in external diameter to go in the 23-inch hole, was impracticable. 
What they did do was to whittle out of two long strips of wood two long half tubes of the proper size, and, fitting the edges carefully. 
together, wrap the whole from end to end with small twine. This, with a bag of wrapping near the lower end, to fit as nearly as. 
practicable, water tight, in the 24-inch hole, was cautiously pressed down to its place, and found to answer the purpose perfectly, the- 
brine flowed up freely through the tube into the gum, which was now provided with a water-tight floor or bottom to hold it, and from, 
which it was raised by the simple swape and bucket. 





a Pedy, L820; A.C. eG Pe (2) xx Vy lacs d Journal of an Embassy to the Court of Ava, 1834. 
b P. M. (2), 1, 402. e Constitution of Bitumens, P. J. (2), ix, 487. 
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Thus was bored and tubed, rigged and worked, the first rock-bored salt-well west of the Alleghanies, if not in the United States. 
The wonder is not that it required eighteen months or more to prepare, bore, and complete this well for use, but, rather, that it was 
accomplished at all under the circumstances. In these times, when such a work can be accomplished in as many days as it then required 
months, it is difficult to appreciate the difficulties, doubts, delays, and general troubles that then beset them. Without preliminary 

study, previous experience, or training, without precedents in what they undertook, in a newly settled country, without steain-power, 
machine-shops, skilled mechanics, suitable tools or materials, failure rather than success might reasonably have been predicted. * * * 

For interesting facts in this history of the boring of the first well I am indebted to a MS. by the late Dr. Henry Ruffner, and for 
personal recollections and traditions I am indebted to General Lewis Ruffner, Isaac Ruffner, W. D. Shrewsberry, Colonel B. H. Smith, 
Colonel L. I. Woodyard, W. C. Brooks, and others, and my own experiences for the last thirty years. * * * 

Other important improvements were gradually made in the manner of boring, tubing, and pumping wells, ete. The first progress 
made in tubing, after Ruffner’s compound wood-and-wrapping-twine tube, was made by a tinner who had located inCharleston. * * * 
He made tin tubes in convenient lengths, and soldered them together as they were put down the well. The refinement of screw joints 
had not yet come, but: followed shortly after, in connection with copper pipes, which soon took the place of tin, and these are recently 
giving place to iron. 

In the manner of bagging the wells, that is, in forming a water-tight joint around the tube to shut off the weaker waters above 
from the stronger below, asimple arrangement, called a ‘‘seed-bag”, was fallen upon, which proved very effective, and which has survived 
to this day, and has been adopted wherever deep boring is done as one of the standard appliances for the purpose for which it is used. 
This seed-bag is made of buckskin or soft calfskin, sewed up like the sleeve of a coat or leg of a stocking, made 12 to 15 inches long, 
about the size of the well hole, and open at both ends; this is slipped over the tube and one end securely wrapped over knots placed on 
the tube to prevent slipping. Some six or eight inches of the bag is then filled with flaxseed, either alone or mixed with powdered gun 
tragacanth; the other end of the bag is then wrapped like the first, and the tube is ready for the well. When to their place—and 
they are put down any depth to hundreds of feet—the seed and gum soon swell from the water they absorb, till a close fit and water- 
tight joint are made. * *. * 

In 1831 William Morris, or “ Billy ” Morris, as he was familiarly called, a very ingenious and successful practical well-borer, invented 
a simple tool, which has done more to render deep boring practicable, simple, and cheap than anything elsesince the introduction of steam. 

This tool has always been called here ‘‘slips”, but in the oil regions they have given it the name of ‘‘jars”. It is a long double- 
link, with jaws that fit closely, but slide loosely up and down. They are made of the best steel, are about 30 inches long, and fitted, 
top and bottom, with pin and socket joint, respectively. For use they are interposed between the heavy iron sinker, with its cutting 
chisel-bit below, and the line of auger poles above. Its object is to let the heavy sinker and bit have a clear, quick, cutting fall, 
unobstructed and unincumbered by the slower motion of the long line of auger poles above. In the case of fast auger or other tools in 
the well, they are also used to give heavy jars upward or downward, or both, to loosen them. From this use the oil-well people have 
given them the name of “jars”. 

Billy Morris never patented his invention, and never asked for nor made a dollar out of it; but as a public benefactor he deserves 
to rank with the inventors of the sewing-machine, reaping-machine, planing-machine, printing cylinders, cotton-gin, etc. This tool has 
been adopted into general use wherever deep boring is done, but outside of Kanawha few have heard of Billy Morris, or know where 
the slips or jars came from. * * * ; 

The Kanawha borings have educated and sent forth a set of skillful well-borers all over the country, who have bored for water for 
irrigation on the western plains, for artesian wells for city, factory, or private use, for salt water at various places, for oil all over the 
country, for geological or mineralogical explorations, etc. 

Nearly all the Kanawha salt-wells have contained more or less petroleum, and some of the deepest wells a considerable flow. 
Many persons now think, trusting to their recollections, that some of the wells afforded as much as 25 to 50 barrels per day. This was 
allowed to flow over from the top of the salt cisterns to the river, where, from its specific gravity, it spread over a large surface, and by 
its beautiful iridescent hues and not very savory odor could be traced for many miles down the stream. It was from this that the river 
received the nickname of ‘Old Greasy”, by which it was for a long time familiarly known by Kanawha boatmen and others. 

At that time this oil not only had no value, but was considered a great nuisance, and every effort was made to tube it out and get 
rid of it. It is now the opinion of some competent geologists, as well as of practical oil men, that very deep borings, say 2,500 feet, 
would penetrate rich oil-bearing strata, and possibly inexhaustible supplies of gas. 


In Ohio salt was manufactured at the “Old Scioto salt works”, in Jackson county, as early as 1798, from 
brine obtained from dug wells. In 1808, after the successful boring of the Ruffner well on the Kanawha, bored wells 
were substituted for dug wells very successfully, and salt-wells were soon in operation in other localities. The valley 
of the Muskingum from Zanesville to Marietta soon became noted, and the valley of Duck creek, since the center 
of the Washington county petroleum fields, was first famous for its salt-wells. 


The following description is from an article in the American Journal of Science (1), xxiv, 63, by Dr. 8. P. Hildreth, 
of Marietta: 


Since the first settlement of the regions west of the Appalachian range the hunters and pioneers have been acquainted with this 
oil. Rising in a hidden and mysterious manner from the bowels of the earth, it soon arrested their attention, and acquired great value 
in the eyes of these simple sons of the forest. Like some miraculous gift from heaven, it was thought to be a sovereign remedy for nearly 
all the diseases common to those primeval days, and from its success in rheumatism, burns, coughs, sprains, etc., was justly entitled to all 
its celebrity. It acquired its name of Seneca oil, that by which it is generally known, from having first been found in the vicinity of 
Seneca lake, New York. From its being found in limited quantities, and its great and extensive demand, a small vial of it would sell 
for 40 or 50 cents. It is at this time in general use among the inhabitants of the country for saddle bruises and that complaint called 
the scratches in horses. It seems to be peculiarly adapted to the flesh of horses, and cures many of their ailments with wonderful 
certainty and celerity. Flies and other insects have a natural antipathy to its effluvia, and it is used with much effectin preventing the 
deposit of eggs by the “blowing fly” in the wounds of domestic animals during the summer months. In neighborhoods where it is 
abundant it is burned in Jamps in place of spermaceti oil, affording a brilliant light, but filling the room with its own peculiar odor. By 
filtering it through charcoal, much of this empyreumatic smell is destroyed and the oil greatly improved in quality and appearance. 
It is also well adapted to prevent friction in machinery, for, being free of gluten, so common to animal and vegetable oils, it preserves 
the parts to which it is applied for a long time in free metion; where a heavy vertical shaft runs in a socket, it is preferable to all or 
any other articles. This oil rises in greater or less abundance in most of the salt-wells of the Kanawha, and, collecting as it rises, in the 
head on the water, is removed from time to time with a ladle. 

* 


* * * * * * * 
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On the Muskingum river the wells afford but little oil, and that only during the time the process of boring is going on; it ceases 
-goon after the wells are completed, and yet all of them abound more or less in gas. A well on Duck creek, about 30 miles north of 
Marietta, owned by Mr. McKee, furnishes the greatest quantity of any in this region. It was dug in the year 1814, and is 475 feet in 
depth. 

; The rocks passed were similar to those on the Muskingum river above the flint stratum, or like those between the flint and salt: 
deposit at McConnellsville. A bed of coal 2 yards in thickness was found at the depth of 100 feet, and gas at 144 feet, or 41 feet above 
the salt-rock. The hills are sandstone based on lime, 150 or 200 feet in height, with abundant beds of stone-coal near their feet. The oil 
from this well is discharged periodically at intervals of from two to four days, and from three to six hours duration ateach period. Great 
quantities of gas accompany the discharges of oil, which for the first few years amounted to from 30 to 60 gallons at each eruption. The 
discharges at this time are less frequent, and diminished in quantity, affording only about a barrel per week, which is worth at the well 
from 50 to 75 cents a gallon. A few years ago, when the oil was most abundant, a large quantity had been collected in a cistern holding 
30 or 40 barrels. At night, some one engaged about the works approached the weil-head with a lighted candle. The gas instantly became 
ignited and communicated the flame to the contents of the cistern, which, giving way, suffered the oilto be discharged down a short 
declivity into the creek, whose waters pass with a rapid current close to the well. The oil still continued to burn most furiously; and, 
spreading itself along the surface of the stream for half a mile inextent, shot its lames to the topsof the highest trees, exhibiting the 
i Ms er spectacle of a river actually on fire. 


It is probable that wells were drilled for salt in the neighborhood of Tarentum, on the Allegheny river, above 
Pittsburgh, about 1810. These wells were all comparatively shallow, but in many of them small quantities of 
petroleum often interfered more or less with their successful operation. 

Salt-wells were bored along the Big Sandy river and its tributaries across Kentucky and into Tennessee, and 
in many of them petroleum appeared in sufficient quantity to be troublesome. In 1818 or 1819 a well was bored 
on the south fork of the Cumberland river, in Wayne county, Kentucky, that produced petroleum in such quantities 
that it was abandoned for brine and was almost forgotten for more than thirty years. This well has acquired 
some notoriety under the name of the Beatty well, and is still yielding small quantities of oil. Farther west, in 
Barren and Cumberland counties, Kentucky, along the Cumberland river and its tributaries, numerous salt-wells 
were bored, and in many of them petroleum appeared. In 1829 the famous American well was bored near the bed 
of Little Rennox creek, near Burkesville, Kentucky. The following account of the phenomena attending its 
completion is to be found in Niles’ Register (3), xiii, 4: 

Some months since, in the act of boring for salt water on the land of Mr. Lemuel Stockton, situated in the county of Cumberland, 
Kentucky, a vein of pure oil was struck, from which it is almost incredible what quantities of the substance issued. The discharges were 
by floods, at intervals of from two to five minutes, at each flow vomiting forth many barrels of pure oil. I witnessed myself, on a shaft 
that stood upright by the aperture in the rock from which it issued, marks of oil 25 or 30 feet perpendicularly above the rock. These floods 
continued for three or four weeks, when they subsided to a constant stream, affording many thousand gallons per day. This well is 
between a quarter and a half mile from the bank of the Cumberland river, on a small rill (creek), down which it runs to the Cumberland 
river. It was traced as far down the Cumberland as Gallatin, in Sumner county, Tennessee, nearly 100 miles. For many miles it covered 
the whole surface of the river, and its marks are now found on the rocks on each bank. About 2 miles below the point on which it touched 
the river it was set on fire by a boy, and the effect was grand beyond description. An old gentleman who witnessed it says he has seen 
several cities on fire, but that he never beheld anything like the flames which rose from the bosom of the Cumberland to touch the very 
clouds. 

Referring to this article and the well, a correspondent of the Burkesville Courier, C. L. 8. Mathews, esq., under 
date October 11, 1876, says: 

This well, from the long continued yield of oil, is one of the most remarkable wells in America. When first struck, oil flowed from 
it at the rate of 1,000 barrels per day, and for many years, in fact, until the year 1860, it yielded a plentiful supply of oil. We have been 
informed by several old citizens, who witnessed the burning of the oil on the surface of the river, that the oil burned down the river 
about 56 miles, and that for miles all the vegetation and foliage along the river bank was destroyed. Some years after this strike was 
made several individuals took charge of the well, saved the oil, and put up several hundred thousand bottles, which they sold all through 
this country and some parts of Europe as the ‘‘ American Medicinal Oil, Burkesville, Kentucky”. 


During the decade from 1830 to 1840 the attention of the most distinguished French chemists was directed to 
the investigation of bitumens. Boussingault continued his general researches, and in 1837 published a classical 
paper on the subject. (a) Virlet d’Oust propounded the first theory regarding the origin of bitumens in 1834, (b) and 
the asphalt of the Dead sea, (c) of Pyrmont, (d) and near Havana, Cuba, were examined. (e) Hess wrote on the 
products of dry distillation (/) and was reviewed by Reichenbach, (g) who, with Laurent, (h) continued his researches 
upon paraffine. In 1833 Professor Benjamin Silliman, sr., contributed an article to the American Journal of 
Science (1), xxiii, 97, in which he describes the celebrated oil-spring of the Seneca Indians near Cuba, New York, 
as follows: 


The oil-spring, or fountain, rises in the midst of a marshy ground; it is a muddy and dirty pool of about 18 feet in diameter, and is 
nearly circular in form. There is no outlet above ground, no stream flowing from it, and it is, of course, a stagnant water, with no other 
circulation than that which springs from changes of temperature and from the gas and petroleum which are constantly rising through 
the pool. 

We are told that the odor of petroleum is perceived at a distance in approaching the spring. This may not improbably be true in 
particular states of the wind, but we did not distinguish any peculiar smell until we arrived on the edge of the fountain. Here its 
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peculiar character becomes very obvious. The water is covered with a thin layer of petroleum or mineral oil, giving it a foul appearance, 
.asif coated with dirty molasses, having a yellowish-brown color. Every partof the water was covered by this film, but it had nowhere the 
iridescence which I recollect to have observed at Saint Catharine’s well, a petroleum fountain near Edinburgh, in Scotland. There the 
water was pellucid, and the lines produced by the oil were brilliant, giving the whole a beautiful appearance. The difference is, however, 
easily accounted for. Saint Catharine’s well is a lively, flowing fountain, and the quantity of petroleum is only sufficient to cover it 
partially, while there is nothing to soil the stream; and in the present instance the stagnation of the water, the comparative abundance of 
the petroleum, and the mixture of leaves and sticks and other productions of a dense forest, preclude any beautiful features. There are, 
however, upon this water, here and there, spots of what seems to be a purer petroleum, probably recently risen, which is free from 
mixture, and which has a bright, brownish-yellow appearance, lively and sparkling; and were the fountain covered entirely with this 
purer production it would be beautiful. 

They collect the petroleum by skimming it, like cream from a milk-pan. For this purpose they use a broad, flat board, made thin at 
one edge like a knife; it is moved flat upon and just under the surface of the water, and is soon covered by a coating of the petroleum, 
which is so thick and adhesive that it does not fall off, but is removed by scraping the instrument upon the lip of a cup. It has then a very 
foul appearance, like very dirty tar or molasses, but it is purified by heating and straining it while hot through flannel or other woolen 
stuff. It is used by the people of the vicinity for sprains and rheumatism and for sores on their horses, it being in both cases rubbed 
upon the part. It is not monopolized by any one, but is carried away freely by all who care to collect it, and for this purpose the spring is 
frequently visited. I could not ascertain how much is annually obtained; the quantity must be considerable. It is said to rise more 
abundantly in hot weather than in cold. 

I cannot learn that any considerable part of the large quantities of petroleum used in the eastern states under the name of Seneca 
oil comes from the spring now described. I am assured that its source is about 100 miles from Pittsburgh, on Oil creek, which empties 
into the Allegheny river in the township and county of Venango. It exists there in great abundance, and rises in purity to the surface 
of the water; by dams, inclosing certain parts of the river or creek, it is prevented from flowing away, and it is absorbed by the blankets, 
from which it is wrung. 

The petroleum sold in the eastern states uuder the name of Seneca oil is of a dark brown color, between that of tar and molasses, 
and its degree of consistence is not dissimilar, according to the temperature; its odor is strong and too well known to need description. 


In an article entitled ‘Observations on the bituminous coal deposits of the valley of the Ohio” Dr. S. P. 
Hildreth, in 1836, notices the occurrence of petroleum on the Little Kanawha. (a) 

The decade trom 1840 to 1850 was remarkable for the number of travelers who, in different parts of the world, 
noticed the occurrence of bitumen, and also for several elaborate researches upon the geological occurrence and 
chemical constitution of its different varieties. Travelers visited the far east, and even China, (b) and gave glowing 
descriptions of the naphtha springs of Persia, (¢) the fire-worshipers of Baku, and the fire wells of China. (d) The 
naphtha springs of Persia are nowhere else described in such detail as in Ritter’s Erdkunde, published in 1841. (e) 
Boussingault (7) continued his researches in France, and in our own country, Percival, (g) in Connecticut, and Beck, 
(h) in New York, called attention to the fact that bitumen was of frequent occurrence in thin veins traversing the 
metamorphic and eruptive rocks of Connecticut, New York, and New Jersey. In 1842 E. W. Binney first called 
attention to the occurrence of petroleum in the Down Holland Moss, which may be said to have been the first step 
toward the great paraffine oil industry of Scotland. (7) 


SECTION 3.—THE RISE OF THE PARAFFINE-OIL INDUSTRY. 


This decade witnessed the rise of the paraffine-oil industry in’ Europe and the United States. The success of 
the manufacture of shale oil at Bathgate, Scotland, by E. W. Binney & Co., from so-called Boghead coal, has been 
more popularly known through Mr. James Young, one of Mr. Binney’s associates. The lessening supply of sperm 
and whale oils, and their consequent advance in price, led to various attempts to invent or discover a cheaper 
substitute, and as a consequence the oils manufactured at Bathgate were eagerly sought in the market, especially 
when lamps were formed that would burn them with complete success. Mr. Binney claims to have first called these 
oils paraffine oils, but those used for illumination have been more widely known as kerosene. (7) 

In the United States experiments were commenced in the winter of 1850-51 by Luther and William Atwood 
near Boston, which resulted in the establishment in 1853 of the United States Chemical Manufacturing Company at 
Waltham, Massachusetts. This company manufactured from coal-tar an oil called ‘Coup oil”, which was used, 
mixed with cheap animal and vegetable oils, for lubricating machinery. In 1854 Mr. Joshua Merrill became 
connected with this company, but in 1855 he left it and became connected with the Downer Kerosene Oil Company 
of Boston, with which he has remained to the present time. These three gentlemen were the pioneers in the 
manufacture of paraffine oils in the United States. In 1857 the Downer Kerosene Oil Company commenced the 
manufacture of hydrocarbon oils from the Albert coal (a kind of asphaltum), obtained from New Brunswick, and 
they had works in Boston, Massachusetts, and in Portland, Maine. William Atwood had charge of the works in 








a A. J.S. (1), xxix, 121. - f A.C. et P. (2), Ixxiii, 442. 

b Pottinger; W. Robinson; Ainsworth. : g A. J. S. (3), xvi, 130. 

ec Kinnier: Persia. Bods Ss (1), xiv, 335; 

d Humboldt: Asie Centrale, ii, 519; Cosmos, 1, 232; Bohn 1, i Papers read before the Manchester (England) Geological 
221. Society, 1842-43. 

e Die Erdkunde von Asien, vols. vii, viii, ix, x, and xi. j Communication from Mr. Binney to S. F. P. 


Notre.—The claims of Selligue as the original inventor of paraftine oils distilled from shale are stated elsewhere. I think the 
paraffine-oil industry took its rise at this time. 
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Portland, Joshua Merrill of those in Boston, and Luther Atwood of a large establishment belonging to the New York. 
Kerosene Oil Company near Brooklyn, Long Island. Before these gentlemen left Waltham they had “experimented. 
upon bituminous coals, bituminous shales, asphaltum, and petroleums—petroleums and bitumens from nearly all the 
known sources, and many different varieties of coals and shales. ‘They succeeded in producing what they regarded 
at that time as a good lubricating oil from each of those sources”. (a) 

Previous to going to Portland Mr. William Atwood spent about eighteen months on the island of Trinidad 
attempting to produce crude lubricating oils from the asphalt of the celebrated Pitch lake. 

Meantime, parties in New Bedford, Massachusetts, who had been engaged in the manufacture of whale and 
sperm oils, commenced the manufacture of paraffine oils from the Boghead mineral of Scotland, which they 
imported for that purpose. The rich cannel coals of West Virginia and Kentucky soon attracted attention, and 
works for the manufacture of paraffine oils from them were established at Cloverport, Kentucky, and at Newark, 
Ohio. On the Allegheny river,in Westmoreland county, Pennsylvania, the Lucesco works were the largest in the 
country in 1859, having a capacity for producing 6,000 gallons of crude oil per diem. At Canfield, Mahoning 
county, Ohio, was another, and at Cannelton, West Virginia, was another with refining works at Maysville, 
Kentucky. By 1859 Luther Atwood had introduced his method of downward distillation, in which a tower was. 
filled with 25 tons of coal or Boghead mineral and a fire kindled on the upper surface by means of anthracite coal 
or pine wood. (b) A downward draft was created by a steam-jet in the pipe leading from the base of the tower,. 
and the heated products of combustion, descending through the coal, expelled the volatile materials at the lowest 
possible temperature. . 

In a recent letter, Mr. E. W. Binney, of Manchester, England, who, as before stated, was associated with Mr. 
James Young, at Bathgate, Scotland, tells me that when Mr. Young, in his celebrated patent lawsuit, testified. 
that he obtained paraffine oil from petroleum before he resorted to coal, and it became known on this side of the 
Atlantic, the American firms licensed under their patent refused to pay any more royalties and went to work. 
manufacturing petroleum. This is doubtless true as a statement of fact, but it conveys a wrong impression. The 
fact is that an inadequate supply alone prevented the use of petroleum in this country prior to 1859, and really 
Mr. Young and those on this side of the Atlantic were then in precisely the same situation as regards petroleum " 
but at the end of 1859 the situation in America became revolutionized, while that in Scotland remained as before.. 


SEcTION 4.—HISTORICAL NOTICE FROM 1850 TO THE COMPLETION OF DRAKE’S WELL (AUGUST, 
1859). 


While Mr. Everett was engaged in making oil from cannel coal at Canfield, Ohio, Dr. J. S. Newberry sent him 
some petroleum from Mecca, Ohio, which was pronounced ‘‘as good or better than crude oil from coal”. Oil had 
been gathered along Mill creek, in Erie, Pennsylvania, since 1854, and had been sold to druggists for a dollar a 
gallon. At Oxbow hill, not far from Union City, Erie county, Pennsylvania, Mr. P. G. Stranahan and his brothers 
dug out a spring about 1845 from which oil has flowed ever since. 

William ©. and Charles Hyde were engaged in lumbering on Oil creek, near the present village of Hydetown,,. 
from 1845 to 1850. The former, being well acquainted at that time with the oil-springs near Titusville, went 
to Pittsburgh and inquired of R. Robinsou & Co., grocers, for a cheap oil for lighting mills, and got a half-barrel 
of amber oil, called “ rock-oil”, which was used in a vessel resembling a tea-kettle, the wick projecting from the 
nozzle, and burned much better than the green oil of Oil creek. The latter had long been collected from curbed. 
pits, in which the oil arose and floated upon the water. Blankets were spread upon the water, which absorbed the 
oil, which was then wrung from them. Mr. J. D. Angier contrived a series of pits, one above another, and allowed 
the water to flow out from beneath the oil, and in this way he obtained what was then considered a large amount— 
six gallons a day. 

From 1845 to 1855 parties were actively engaged in manufacturing salt at Tarentum, on the Allegheny river, 
above Pittsburgh, among them a Mr. Kier, whose son, Samuel M. Kier, was a druggist in Pittsburgh. Mr. Kier 
bored a well for brine at Tarentum and obtained oil that looked like brandy with the water, and this was allowed to. 
flow into the canal leading to Pittsburgh. Mr. Samuel M. Kier’s wife was sick, as was supposed, with consumption, 
and her physician prescribed “‘ American oil”. It helped her, and her husband was led to compare it with that 
obtained from his father’s well. Concluding, as they possessed the same odor, that they were the same thing, he 
submitted them to a chemist, who pronounced them identical. Mr. 8. M. Kier soon after commenced to bottle 
American oil for sale, and after a few years, supposed to be about 1855, in company with Mr. McKuen, he first 
refined petroleum from his father’s wells at Tarentum. The oils were treated like the crude oils obtained from coal, 
and were made into burning oils and heavier oils, that were sold to the woolen factory at Cooperstown for cleansing 
wool, for which they were found very valuable. This refinery created a demand for crude petroleum, and led people: 
to reflect upon the possibility of procuring it in larger quantity. 

While Kier was at work in Pittsburgh, the firm of Brewer & Watson were engaged in a large lumbering 
and general merchandise business at Titusville, on Oil creek. In the summer of 1854 Dr. F. B. Brewer, whose 








a Testimony of William Atwood in case of Merrill vs. Youmans. b Antisell, page 135, 
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father was at the head of this firm, visited relatives at Hanover, New Hampshire, and carried a bottle of petroleum 
to Professor Crosby, of Dartmouth College, of which institution the doctor was a graduate, and Mr. A. H. Crosby, 
a son of the professor, and now a physician in Concord, New Hampshire, became greatly interested in his 
representations respecting the petroleum and the oil-springs. At this time Mr. George H. Bissell, also a native of 
Hanover, and a graduate of Dartmouth, was on a visit to his old home, and was induced by the others to join an 
enterprise for forming a stock company for procuring petroleum on Oilcreek. Mr. Bissell was then engaged in the: 
practice of law in New York as a member of the firm of Eveleth & Bissell. After some time spent in negotiation, 
during which Dr. Crosby had visited Oil creek and advised boring as a means of obtaining the oil in larger 
quantities, an arrangement was effected with Messrs. Brewer & Watson, under which Messrs. Eveleth & Bissell 
proceeded to organize a company. 

Under date of November 6, 1854, these gentlemen informed Dr. Brewer that they “had forwarded several 
gallons of the oil to Mr. Atwood, of Boston, an eminent chemist, and his report of the qualities of the oil and the 
uses to which it may be applied was very favorable. Professor Silliman, of Yale College, is giving it a thorough 
analysis, and he informs us that, so far as he has yet tested it, he is of opinion that it contains a large proportion 
of benzole and naphtha, and that it will be found more valuable for purposes of application to the arts than as a 
medicinal, burning, or lubricating fluid ”. 

The first deed from Brewer, Watson & Co. was dated November 10, 1854, and conveyed to George H. Bissell 
and Jonathan G. Eveleth, of New York city, 105 acres of Jand on what was known as the “ Watson flats”, 
embracing the island at the junction of Pine and Oil creeks. It was on this island that Mr. Angier’s pits were. 
dug, and also where the first well was drilled five years later. 

As a result of this purchase, the Pennsylvania Rock Oil Company was incorporated on the 30th of December, 
1854, under the laws of the state of New York. In order to satisfy several residents of New Haven who took an 
interest in the enterprise in consequence of Professor Silliman’s report, which was made in April, 1855, the property 
of the company was purchased by Messrs. Ives & Pierpont, and was leased by them to a new company bearing the. 
same title and organized under the laws of Connecticut, the official residence of the company being transferred to. 
the city of New Haven. By the 23d of March, 1857, the Pennsylvania Rock Oil Company had leased the property 
on Oil creek to the New Haven stockholders, who organized under the name of ‘“‘ The Seneca Oil Company ”, and: 
HE. L. Drake was engaged the following spring to go out to’Titusville and drill an artesian well for oil. 

Mr. Drake, called Colonel Drake on Oil creek, arrived in Titusville about May 1, 1858. At that time Titusville- 
was a lumbering village, and the nearest point at which tools and machinery could be obtained was Erie, Pennsylvania,. 
nearly 100 miles north, or Pittsburgh, still farther south. Drake commenced operations by attempting to sink a shaft. 
in one of the old timbered pits once supposed to be of prehistoric origin, but hatchets of French manufacture have- 
been discovered in or about these pits. His idea appears to have been at first to sink a shaft or ordinary well by 
digging; but water and quicksands continually thwarted him, and he finally resorted to the expedient of driving an 
iron pipe from the surface to the solid rock. This device is supposed to have been original with Drake; but if it was, 
he never attempted to reap any advantage from it, although it has been of great value ever since in artesian boring. 

He appears to have prepared for boring during the season of 1858 by driving his pipe 36 feet to the rock and 
getting his engine, tools, and pump-house in order; but the men he had engaged to drill early in the season had 
secured another job, and the work was suspended until the following season, when Mr. William Smith and his two 
sons were engaged, they having had large experience on salt-wells. These men arrived at Titusville about the 
middle of June, bringing with them all the necessary tools for drilling. After many vexatious delays, they were, 
fairly under way by the middle of August and had drilled 33 feet, when, on the 28th of August, 1859, the drill 
struck a crevice, into which it fell six inches. The following day being Sunday, Smith visited the well in the 
afternoon and found the drill-hole full to within a few feet of the top, and on fishing up a small quantity in a tin cup 
it was found to be petroleum. Such is the story of the first petroleum well. (a) 

As soon as Mr. Watson heard the news he sprang upon a horse and hastened down Oil creek to lease the farm 
on which the McClintock spring was situated; but Drake telegraphed to Mr. Bissell, who thereupon bought up all 
the stock of the Pennsylvania Rock Oil Company that he could get hold of, and, immediately visiting Oil creek, 
leased large tracts of land that afterward yielded abundantly. 


Secrion 5.—HISTORICAL NOTICE OF THE PETROLEUM INDUSTRY IN THE UNITED STATES. 
SINCE THE COMPLETION OF DRAKE’S WELL (AUGUST, 1859). 


The territory over which operations were conducted was for a long time. confined to the valleys of the 
Allegheny river and its tributaries, on the supposition that the present configuration of surface was related to the 
strata containing the oil. For this reason wells were drilled in the valley of Oil creek from Titusville to Oil City, 
on French creek from Union City to Meadville and Franklin, and on the Allegheny at Tidioute. Although the 
coal-oil manufactories all over the country, with scarcely an exception, commenced to work petroleum instead of 


a Iam indebted to Henry’s Early and Later History of Petroleum, which is indorsed by Mr. Bissell, and to many conversations with 
residents of Titusville and the vicinity, for the facts contained in the above narration. 


i PRODUCTION OF PETROLEUM. 


coal, the production was so enormous, as compared with the demand, that the market was soon glutted and the 
price fell to almost nothing. An extended demand, and the partial exhaustion of the territory then being worked, 
led to better prices in 1865, and the immediate result was the boring of wells over an immense extent of country, 
from Manitoulin island to Alabama, and from Missouri to central New York. In Europe companies were also 
formed, and wells were put down wherever an oil-spring existed. In the United States the result was the permanent 
development of a small territory in southern Kentucky, another still larger in West Virginia and in Washington 
county, Ohio, and another in Trumbull county, Ohio, at Mecca. In Pennsylvania oil was found at Smith’s Ferry, 
on the Ohio river, in Beaver county, and the hill region lying in the angle formed by Oil creek and the Allegheny 
river from Tidioute across to Titusville was explored and several localities of great richness were opened up. 

Henry, in Early and Later History of Petroleum, pages 109 and 110, says: 

The total daily product of all the wells in June, 1860, was estimated at 200 barrels. By September, 1861, the daily production had 
reached 700 barrels, and then commenced the flowing-well period, with an addition to the production of 6,000 or 7,000 barrels a day. The 
price fell to 20 cents a barrel, then to 15, and then to 10. Soon it was impossible to obtain barrels on any terms, for all the coopers in the 
surrounding country could not make them as fast as the Empire well could fill them. Small producing wells were forced to cease 
» operations, and scores of operators became disheartened and abandoned their wells. The production during the early part of 1863 was 
scarcely half that of the beginning of 1862, and that of 1864 was still less. In May, 1865, the production had declined to less than 4,000 
barrels per day. 

Commencing at Titusville in 1859, the tide of development swept over the valley of Oil creek and along the Allegheny river above 
and below Oil City for a considerable distance; then Cherry run, in 1864. Then came Pithole creek, Benninghoff and Pioneer run; the 
Woods and Stevenson farms, on Oil creek, in like succession, in 1865 and 1866; Tidioute and Triumph hill in 1867, and in the latter part 
of the same year came Shamburg. In 1868 the Pleasantville oil-field furnished the chief center of excitement. 


While this great activity was being displayed in Pennsylvania, the old salt and petroleum region in the valley 
of the Muskingum, in Ohio, and on the Little Kanawha, in West Virginia, was bored for petroleum, and several 
wells of great productiveness were obtained. In 1860 an old brine well at Burning Springs, West Virginia, that 
had yielded petroleum, was cleaned out, the water tubed off, and about fifty barrels of oil per day secured. In the 
following winter the Llewellyn well was struck at about the depth of 100 feet, and it flowed over 1,000 barrels a 
day. Several other good wells were secured, when, during a confederate raid, the property was destroyed and the 
operators were driven away. In 1864 operations were resumed, deeper wells producing a large amount of oil, and 
speculation and excitement ran to a high pitch. In 1865 operations were successfully undertaken at White Oak, 
which resulted in developing the most extensive and best known West Virginia territory. From 1860 to 1865 wells 
were successfully drilled on Cow run and at other localities in Washington county, Ohio. 

For more than a century bitumen had been known in southern California between Santa Barbara and Los 
Angeles, and had also been observed floating upon the sea in the Santa Barbara channel between the islands and the 
mainland. Early in 1864 this region was visited by an eminent eastern chemist, who was so far misled by false local 
representations and by gross deceptions practiced upon him as toinduce him to make a report upon this as a petroleum- 
producing region of great richness. This report, and others of a similar character, led to the formation of mining 
companies representing stock to the value of millions of dollars, all of which, it is needless to add, was lost to the 
bona fide investors. Several hundred thousand dollars were spent in boring wells, but few of them produced 
sufficient petroleum even to serve as a specimen, and none, so far as I am informed, paid the cost of boring. A 
few years of effort found the companies with depleted treasuries and no oil, and with a large amount of land and 
apparatus on their hands. On one estate 5,000 barrels in shooks, shipped from New York, were rotting down in a 
huge pile before a drop of petroleum had been obtained from beneath its surface. While these magnificent enterprises 
were becoming magnificent failures, more humble efforts were achieving a measure of success in driving tunnels 
into the steep mountain sides upon the petroleum-bearing rock. The total production of this region, however, never 
reached above a few thousand barrels of inferior quality per year, and the San Francisco market continued to be 
supplied almost exclusively with Pennsylvania petroleum shipped around cape Horn. (a) 

From 1870 to 1880 the region between Tidioute and Oil creek has constantly become relatively of less importance 
when compared with the entire area of producing territory in Pennsylvania. At the beginning of this decade the 
production of this region had considerably lessened, and a number of new and very successful wells farther down 
the Allegheny river were attracting attention in that direction. Wells had been put down near the junction of the 
Clarion and Allegheny rivers as early as 1863 and 1864, but very little notice had been taken of them at the 
time; and it was not until 1868 that a successful well on the hill above Parker’s landing attracted the attention 
of the bolder operators and led to the development of what is termed the “lower country”, lying in Butler, 
Armstrong, and Clarion counties. In 1867 Mr. C. D. Angell had developed a very productive oil property on 
Belle island, in the Allegheny river, 25 miles below Oil City. While carrying forward his work he was busily 
investigating the occurrence of petroleum by studying the relative position of the most productive wells. He had 
observed in the “ upper country” that a narrow belt extending across from Scrubgrass, on the Allegheny river, to 
Petroleum Center, on Oil creek, included many of the best wells in that region. In the “lower country” he 











a Advices from the Pacific coast indicate that during the years 1880 and 1881 a petroleum interest that promises some local value has _ 
been developed in a portion of the state further north than that here referred to. , 
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projected a similar belt, lying in a direction nearly parallel with the first, and extending from Saint Petersburg, 
in Clarion county, through Parker’s landing, to Bear creek, in Butler county. A glance at the map (III) 
accompanying this report will show how Angell’s so-called “ belt theory” corresponded to the facts as shown by 
subsequent developments. As is usually the case, the majority of operators scoffed, while a few listened, and, after 
listening, went to work. The results have shown that the oil rock lies in belts or in long and narrow areas, having a 
general northeast and southwest extension, often not more than 30 rods in width, but several miles in length; that 
the sand rock is thickest and most productive along the axis of the belt, thinning out toward its borders, the upper 
surface being level and the under surface curved upward from the center; that the present configuration of the 
surface has no relation to the form, extent, or direction of the “belt”. These facts established, and their successful 
application abundantly demonstrated by the remarkable success attending Angell’s operations, have given a certain 
degreo of accuracy to the development of oil territory that it never possessed before. On the other hand, they 
have led to very exaggerated views, some enthusiasts affirming their belief that the line of north 16° east, upon 
which Angell achieved his first success, governed the direction and extent of territory containing oil from Canada 
to Tennessee. I shall again refer to the facts upon which Angell’s theory is based in my chapter on the “ Origin 
of Bitumens”. (a) 

Angell kept his own counsel at first, and obtained a sufficient number of leases on favorable terms to insure 
his financial success ; but the plan upon which he worked became apparent from the character of his operations, 
and others followed, or attempted to follow, his example, and wells were drilled across the country to the southwest 
of Parker’s landing into Butler county, and often miles in advance of any territory hitherto proved profitable, 
until a tract was more or less clearly outlined about five miles in breadth and thirty-five miles in length, the 
principal axis of which lay in the general direction north 22° east. Other less extended belts lying generally 
paraliel to this will be noticed by glancing at the map (III). 

During the early years of this decade, when Angell’s efforts and sagacity were being rewarded in the lower 
country with success in a most substantial form, other operators struck out from the ‘upper country” of Oil 
creek in a general northeast direction, some on a line north 16° east, others north 224° east, and others on still 
other lines, often traced over the forest-covered hills of that region with a compass, and located their wells in the 
expectation of finding other sand-bars of the ancient sea from which the oil would rush to the surface. They 
finally reached the town of Bradford, in McKean county, a locality which some thought could never produce oil. 

It was not the first attempt at well-drilling that obtained oil in the neighborhood of Bradford. In 1862 the 
old Bradford well, since known as the Barnsdall well, was drilled to a depth of 200 feet with a spring-pole and 
then abandoned. In 1866 the citizens of the village of Bradford concluded to club together and sink the Barnsdall 
well deeper, and it was drilled to a total depth of 875 feet, or to within 150 feet of the Bradford producing sand. 
In 1865 F. E. Dean and brothers drilled a well in the valley of Tuna creek, on the Shepherd farm, near the present 
site of Custer City, 160 feet of drive-pipe being used, and the hole being drilled to 900 feet, but it was abandoned 
when over 200 feet above the top of the oil-sand. 

The next well was drilled by the Dean brothers on the Clark farm, at Tarport, and drilling was stopped at a 
depth of 605 feet, or over 400 feet above the top of theoil-sand. All of these wells were drilled with the expectation 
of finding the Venango county oil-sand at about the same depth below water-level as at Oil City, but they were all 
failures. : 

The first well sunk to the Bradford sand was drilled by Mr. James E. Butts and others, under the name of 
the Foster Oil Company, on the Gilbert farm, 2 miles northeast of Bradford. ‘Slush oil” was found at a depth 
of 751 feet, and in November, 1871, producing sand was struck at 1,110 feet. The daily production was 10 barrels, 
and from the time this well was struck to December, 1874, no wells were drilled to amount to anything. On 
December 6, 1874, Messrs. Butts and Foster struck the oil-sand on the Archy Buchanan farm, 25 miles northeast 
of Bradford. This well started off with a daily production of 70 barrels, and was really the first that attracted 
attention to the possibility of finding a profitable oil district in the county. In December, 1878, four years from the 
completion of the Butts well, the average daily production of crude oil was 23,700 barrels, or about four-sevenths 
of the total daily production of the state of Pennsylvania, while in December, 1880, two years later, and six years 
from the completion of the first well, out of a total average daily production for the Pennsylvania oil-fields of 72,214 
barrels, 63,000 barrels were yielded by the Bradford field alone. 

During the year 1879 there were 475 wells drilled to the Venango sands in the counties of Warren, Venango, 
Clarion, and Butler. Of this number 122 were dry holes, or produced no oil, being 25.7 per cent. 

In the Bradford or northern district there were during the same year 2,536 wells drilled to the Bradford oil- 
sand, of which number but 76 were dry holes, or only 3 per cent., being nearly 23 per cent. less than in the 
Venango or western district. 

The average daily production for the first month of the wells drilled in the Bradford sand was about 20 barrels, 
while for the wells in the Venango sands it did not attain that amount. Some of the wells drilled to the Venango 
third-oil sand have produced from 2,000 to 3,000 barrels of oil per day, while the largest well ever found in the 











a See page 70. 
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Bradford district has not exceeded as many hundred. The largest individual wells have been located in the western 
district; the largest average wells in the northern district. Since the beginning of the year 1875, when the Bradford 
oil horizon was discovered, there have been 6,249 wells drilled in the district, of which 236 were dry holes, or 3.77 per 
cent. From the most authentic statistics which I can gather in the western district, about one-fourth of the wells 
that have been drilled in the Venango sands, since their discovery in 1859, have proved dry. When we take these 
facts into consideration, we can readily understand why there should bave been 2,536 wells drilled in the northern 
district to only 475 in the western in 1879. (a) 

During 1880, as undrilled territory became more scarce in the Bradford field, what are termed “ wild-cat” or 
test wells were drilled both to the northeast and to the southwest of Bradford, and the result has determined two 
areas, one near the city of Warren, and another around Stoneham, both in Warren county, Pennsylvania. To 
the northeast an area not yet outlined has been determined around Richburg, Cattaraugus county, New York. 

Forty-five years ago M. C. Read, esq., now of Hudson, Ohio, lived in Mecca, on the east side of Mosquito creek. 
It had been observed for along time that petroleum gushed out when stones were removed from their places along 
the bank of the creek, and as it frequently appeared in wells it was considered a nuisance. In the spring of 1860, 
when there was great excitement in eastern Ohio over the oil in Pennsylvania, Mr. Read mentioned to some persons 
what he knew about the oil-springs in Mecca, and it was only a few days thereafter before property was being 
leased in that place on a royalty of from one-tenth to one-quarter, and in a year all available property on the west 
side of the creek and some on the east side had been taken up. . 

Wells were bored rapidly, yielding from 10 to 20 barrels, and in some cases were so near together that one sucked 

-air from the other when pumped. Thousands of barrels of oil were taken out yearly for a few years, when a large 
part of the wells became exhausted, many of them were abandoned, and the excitement subsided. In 1864 it was 
renewed for a short time, and Pennsylvania parties bought up all the land on the east side of the creek and obtained 
a few good wells, but they soon failed. Since that time a few persons have been engaged in drilling new wells and 
pumping the old ones, for the most part spending what they got on good wells in drilling others which produced 
nothing. In the opinion of those best qualified to judge, Mecca oil operations have netted nothing, or more probably 
have resulted in a loss. The operators now make a living, all money earned over and above being spent in putting 
-down new wells. 

Near Power’s Corners there was in early times an old shaft which tradition credited as the work of a prehistoric 
‘race. Such an origin is not probable. 

At Belden, in Lorain county, Ohio, it is reported that one Reuben Ingersoll sunk a well for salt in 1818 or 1819 
on the Root farm, but so much oil came with the brine that the well was soon abandoned. ‘The oil for a long time 
was skimmed off and sold as a medicine. Many years afterward, in sinking a hole for the post for a flood-gate to 
a mill, petroleum appeared at the bottom, and occasionally it appeared in other excavations. 

It is claimed that the first well was bored here for oil in 1858, but on what authority I do not know. Itis said 
to have been bored 500 feet deep by a Mr. Harper and to have struck oil at 50 feet. In 1860 a Mr. Gardener sunk 
Harper’s well to 1,200 feet and abandoned it. 

Other wells were put down soon after, and one of them—the old Crittenden well—in 1862 pumped by hand, 
wind-mill, and steam-power 65 barrels. A few wells at Liverpool have a similar history. 

A’Mr. Thoms in 1850 gathered oil from holes dug in the sand on a bar of the Ohio river near the mouth of 
Little Beaver creek, Beaver county. The first well was the Fenton well, drilled in 1860, close to the mouth of Dry 
run. This well was 170 feet deep, and yielded 14 or 15 barrels of heavy lubricating oil. They then went down 
along the river 575 feet and on Island run 600 feet, and reached a fine, close sand. Some wells were carried down 
1,100 or 1,200 feet to the second sand, yielding a little oil. Wells in this section have never been drilled 1,500 to 
1,600 feet to the third sand. This territory is between three and four miles square. Some oil has also been 
obtained at Beaver creek and Rochester, in the same county; but the principal development in this section is 
confined to a small territory immediately north of Smith’s ferry, and has occurred since 1878. 


SECTION 6.—HISTORICAL NOTICE OF THE RUSSIAN PETROLEUM INDUSTRY. 


There are five foreign oil-fields that have attracted attention and that have produced more or less oil in 
commercially valuable quantities. They are the region of the Caucasus, Galicia, Canada, Japan, and Peru. Of 
these, the first mentioned is altogether the most important so far as present information indicates. Next may be 
placed Canada; but as regards the relative importance of the others it would be difficult to decide. 

The Russian fields lie in two districts, one at either extremity of the Caucasus. The western, on the Black sea, 
is the Kouban, on a river of the same name; the eastern is the Baku district, on the peninsula of Apscheron, 
extending into the Caspian sea, and on which the city of Baku stands. 

The Kouban district is situated on the northwestern slope of mount Oshten, which is the most western peak of 
the Caucasus, 9,000 feet in height. Its area is about 250 square miles. Operations were commenced here in 1864 





a Iam indebted for the major portion of this statement in reference to the Bradford field to two papers by Charles A. Ashburner, 
esq.—the first read at the Baltimore meeting of the American Institute of Mining Engineers, February, 1879; the second read before the 
American Philosophical Society, March 5,1880. P. A. P. S., xviii, 419; T. A, I. M, E., 1879; P. A. P. S., 1880. 
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by the Russian colone: Novosiltsoff, who had a monopoly of the petroleum industry of that region for more than 
twelve years. He sunk his first well at Peklo, near the coast of the Black sea, and after many borings, with varying 
success, in different parts of the district, he became so heavily involved that to save him from bankruptcy the 
government placed the petroleum interests under a curatorship. 

From these exploitations of varying depth, large quantities of excellent petroleum of specific gravity from 38° 
to 48° Baumé have been obtained. 


The most remarkable well was obtained at Kandako in 1866. Ata depthof only 40 feet from 10 to 12 barrels of oil per day were 
yielded. At a depth of 123} feet the first flow of oil appeared and yielded 125 barrels of oil per day, throwing it 14 feet high. The well 
was mismanaged and choked, and when finally reopened and sunk to 182 feet, a flow of oil rose to 40 feet high, and gave 250 barrels per 
day. It was again choked and finally deepened to 242 feet, when the oil again flowed with great power and violence, yielding several 
thousand barrels per day, and continued its spontaneous action for eighteen months. (a) 


This management came to an end in 1877, on the breaking out of the last Russo-Turkish war, when the whole 
district of the Kouban was abandoned. In 1879 the larger portion of the district, amounting to 1,500,000 acres, 
was leased to Dr. H. W. C. Tweddle, with private estates amounting to 90,000 acres additional. During the years 
1879 and 1880 great activity has prevailed in preparation for an extensive development of oil with all of the appliances 
in use in Pennsylvania for obtaining, handling, and refining petroleum. 

Concerning the history of petroleum production at Baku, Consul Dyer wrote, on August 10, 1880, as follows: 


From time immemorial oil has been known to exist at Baku, and for generations the natives have taken it for greasing their vehicles, 
preparing skins for wine, etc., and for use in the southern countries for embalming the dead, and even in some cases for illuminating 
purposes. Their wants were, however, small, and the surface production was sufficient. 

The wells were rather receptacles for the surface oil than otherwise, as they were simply holes dug a few feet deep in the earth. 

From the time of the Russian occupation of the country in 1723 down to 1825 this industry remained almost neglected. From 1813 
something was done, but nothing of importance, and the total revenue to the government arising from it was less than $40,000 per year. 
From time to time private persons took the privilege, and at times the crown worked them to some extent. The price charged for the oil 
was as high as 4 rubles per pood, and thus the industry was destroyed. (b) 

It was about 1832 that the industry began to assume anything like business proportions; but even then it was managed so badly 
that it remained very insignificant. A few wells were dug (as wells for water are dug), and the government even refused permission for 
an enterprising lessee to work with any kind of boring tools, the officer replying that such things had been tried, but that they had not 
succeeded, and consequently could not be tried again at Baku. 

In 1850 the government gave a monopoly and limited the selling price of crude oil to 45 kopecks the pood, and received the sum of 
200,000 rublesfor the privilege. This monopoly was farmed out every four years to the best * * * bidder. In 1868 a commission was 
formed to take into consideration the industry. In 1872,in pursuance of ms recommendations, the territory upon which there were surface 
_ indications was divided into plats of 25 acres each, and sold to the highest bidder by sealed proposals. By this time the field had attracted 
much attention, and the parcels were disposed of in some instances for enormous prices. In most cases, purchases were made by persons 
who had not the means to work their possessions, nor the experience had they possessed the capital. They, however, held on to their 
lands, and capital and experience were thus kept away, and the industry was worked in the most crude and unsatisfactory manner. 

The product of the refineries was so bad, and the market so small, that there was not energy enough engaged to bring on a crisis in the 
industry. The government had placed an excise tax, which, under the circumstances, was unbearable, and for a time previous to 1878 the 
operators were upon the verge of ruin. No work was done except to fill contracts previously made. At Nishni-Novgorod there was in store 
more than one and a half millions of poods, almost 200,000 barrels, unsold, and the price had gone down from 3.50 to 1.30 rubles per pood. 
The government then removed the excise tax, and now there remains only a small tax collected by the town of Baku. 

The real birth of the industry may be said to be the year 1872, when the lands passed into private hands. There have been since that 
time great but insufficient energy and activity displayed. The operators have no relations with each other. a 4 a 
Many small owners, for want of means to work their property, have been obliged to sell, and some capitalists have entered simply as 
refiners, buying the crude oil for that purpose. Some of these refineries have grown to large proportions, and the principal ones are now 
making such improvements and changes as to make them first-class establishments, capable of enormous and thorough work. 


He states further, as follows: 


The territory now worked does not exceed six square miles. The principal field is at Balaxame, 94 miles northeast of Baku, 
covering a territory of, say, 34 by 14 miles. Two miles south of Baku is a small field at Bébéabat, on which there are some 25 wells. 
This is a very small territory, say three-fourths of a mile square. Ten miles southeast from Baku is an island. It is certain that oil exists 
there, but in what quantitiesis not known. Within a radius of 50 miles there are constant surface indications, and even some small wells. 

In 1850 there were in all 136 wells. In 1862 there were 220, and in 1872 there were 415. These were wells dug as water wells are. 
In 1871 the first well was bored. In 1872 there was 1; in 1874, 50; in 1876, 101; in 1879, 301 bored wells in the district. The other wells 
had entirely ceased to be worked. During the year 1879, and so far in 1880 (August), there has been very much work done, but the exact 
figures are not attainable. The business is in a most confused condition now, in consequence of the changes that are being made. Many 
new wells have been commenced, and a very large number of those previously worked are being drilled deeper. If the figures given may 
be relied upon, that is, 301 wells up to 1879, it may now, perhaps, be said that on the lst of July, 1880, about 500 wells had been 
commenced. Many of them are not completed, and some have been abandoned. 


I have purposely omitted reference to the more or less highly colored accounts of the Baku ‘ field of fire” 
and the “ Persian fire-worshipers and their temples”. The “field of fire” is described by Gruner (c) ‘as a broad 
expanse filled with fissures, from some of which inflammable gas escapes, and from others naphtha”. Another 
speaks of it as a “wonderful sight; of green fields and waving corn, in the midst of which the removal of a foot or 
two of earth will reveal a jet of gas that will raise an enormous blaze if set on fire”. (a) 





a Consular Reports No, 1, October, 1880. c Ann. Génie Civil, ‘iv, 845. 
b Ruble, $0.56; pood, 36 pounds. d Churchill, British consul to Resht, Persia. 
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SEcTION 7.—HISTORICAL NOTICE OF THE PETROLEUM INDUSTRY OF GALICIA. 


The petroleum fields of Wallachia, Moldavia, and Galicia lie upon the southern, eastern, and northern flanks: 
of the mountain system that incloses Hungary from Russia and the plains of the Danube. This system embraces. 
the Transylvanian Alps, the Siebenbiirgen, and the Carpathians. 

Oil springs have flowed in this region from time immemorial, and the oil has been collected and used by the 
inhabitants of the country and devoted to many of the rude and uncultivated wants of a people remote from the 
centers of civilization. In1810 Josef Hecker and Johann Mitis obtained petroleum in Drohobycz district, and made a 
trial of the distilled and crude oil, which was obtained from dug wells and afterward treated in stills; but having worn 
out their still in 1818, their works were closed. In 1840, in the Stanislow district, there were 75 dug wells and 6 
establishments for the manufacture of wagon-grease. In 1853-64 Schreiner boiled down petroleum and made a 
very superior article of grease, and his successor condensed the distillate and used it for illuminating purposes.. 
The industry since that time, although conducted in a small way, had steadily increased until 1860-65. (a) 

Since 1860 a great deal has been written on the Galician oil-fields, and several spasmodic attempts have been 
made to find remunerative employment for capital in their development. This was especially the case in 1865, when 
the expansion of the production of Pennsylvania led to so many enterprises of a more or less experimental nature 
all over the world. 

There are three localities particularly noted for their petroleum product. These are the neighborhood of 
Sandecer, in west Galicia; that of Bobrka, near Dukla, Sanoker, and Samborer, in middle Galicia; and Boryslav, in 
east Galicia. The latter locality is also celebrated for its production of ozokerite. The localities in Roumania that 
are now principally associated with petroleum are Sarrata, Bacan, Dimbovitsa, Prahova, Burzen, Moniezta, Plojezti,. 
and Baikoi. 

The oil was originally collected, as in other localities, from the water of the springs, with which it flowed from 
the crevices in rocks. It was afterward obtained from wells or shafts that were dug, and in Galicia and Roumania 
it is at present obtained in that primitive manner. Later the shafts were connected by galleries, forming what are 
called ‘“‘ complex mines” (complex Gruben) in Galicia. 

The exploitations for oil at Mraznica consist of about 70 shafts in the upper part of the valley of Tiesmienka,. 
the lowest row of shafts lying on both sides of the declivity of the Bachspiegels, with a second and a third row above 
them. They consist of the “old” complex mines, consisting of about 40 shafts, and the “new” complex mines, 
consisting of about 30 shafts. The older ‘‘complex mine” is going on 12 years old, having originated when the oil 
fever agitated Galicia. The firstshafts were sunk by a Jewish company near an oil-spring to a depth of 100 meters 
(328 feet) with very satisfactory results, in consequence of which, and in order to control the production, they 
sunk many other shafts in the immediate neighborhood as soon as possible, and thus copied the Boryslav method of 
operation in the most destructive manner. The consequence was that they finally obtained from about 40 shafts 
the same quantity of oil that they could have had from 10 exploitations. A second oil-level, not yet reached, is- 
supposed to exist, but the shafts have only penetrated 100 to 150 meters (328 to 492 feet). The largest yield from 
a single shaft is said to have amounted to 40 barrels of erude oil per week. Through ten years the most of the 
shafts have had an average flow of about 4 barrels per week; yet a single shaft is said to have yielded a net profit 
of 200,000 gulden ($100,000), and has yielded petroleum for ten years up to 1878. 

After a period of ten years the yield of oil decreased to such an extent that the enterprise became 
unprofitable. This caused the projector of the Jewish enterprise to attach the new “ Gruben complex”, consisting 
of 30 new-dug shafts, which likewise lay near each other in a compact mass, to the immediate upper half of the 
old shafts. In November, 1878, these shafts were sunk 20 to 50 meters (65 to 164 feet); yet they yielded no traces 
of petroleum particularly worthy of note. The extensive development of gas of the ‘‘old complex” was also 
entirely wanting. This failure is explained by assuming that the new shafts happened to lie within the circle 
already exhausted by the “old complex”. Hence the petroleum industry in Mraznica must come to an end; yet, 
toward the close of 1878, 5 shafts still yielded about 14 barrels weekly. The long duration of the flow from these 
shafts is remarkable (ten years), while other springs in Galicia only flow an average of five years. (b) 

Mraznica is in east Galicia. The facts set forth by Herr Walter explain why Consul-General Weaver reports. 
December 30, 1880, that, of the yearly product of 100,000 barrels, produced in Galicia, two-thirds are at present 
obtained in west Galicia, in the vicinity of Grybow, where, during the census year, Mr. James Corrigan succeeded 
in establishing an American refinery. In a letter dated October 9, 1881, Mr. Corrigan states that a new weil, yielding 
75 barrels daily, had been struck at Slaboda, near the boundary of Bukowina (east Galicia), and that consequently 
great excitement prevailed. 








a Ost. Zeit. f. Berg- und Hiittenwesen. 
b Abstract of a portion of an article by Bruno Walter on “‘ The chances of a petroleum production in Bukowina”. J. K. K. G. R., 
xxx, 115 (1880). 


THE NATURAL HISTORY OF PETROLEUM. re 


SroTIon 8.-HISTORICAL NOTICE OF THE PETROLEUM INDUSTRY OF CANADA. 


The productive oil-fields of Canada lie in the county of Lamberton, in the western part of the province of 
Ontario, and principally in the township of Enniskillen. From the earliest settlement of the region “a dark oily 
substance had been observed floating on the surface of the water in the creeks and swamps. No matter how deep 
the wells were dug, the water was brackish and ill-smelling, and in some localities totally unfit for use; while a 
surface of black, oily slime frequently arose an inch thick, as cream rises on new milk. Here and there in the 
forest the ground consisted of a gummy, odoriferous tar-colored mud, of the consistence of putty. These places 
were known by the name of ‘gum-beds’, and in two or three instances were of considerable extent”. (Henry’s 
Harly and Later History of Petroleum, p. 1390.) 

Operations were commenced there as early as 1857 by one Shaw, who dug an ordinary well, as for water, and 
after several days of digging struck a tremendous flow of oil, which ran in a stream into the creek. The usual 
phenomena attending such a discovery followed; land was bought and leased, more wells were dug, and oil flowed ; 
they gathered what they could and wasted the remainder; fortunes were made and lost, and after a time, in 1864, 
the town of Oil Springs contained 3,000 inhabitants. 

Flowing wells were struck here in 1862, and some of them proved the most prolific on record, rivaling those of 
the region around Baku. These great wells were exceptional, and the average yield has been comparatively small. 
The region over which borings have proved the existence of oil in paying quantities is about 50 miles north and 
south by 100 miles east and west, and within this range Petrolia, Bothwell, and Oil Springs have produced nearly all 
of the oil. The latter had the largest wells, though the former now produces more than nine-tenths of the amount 
at present obtained. Petrolia is about 16 miles southeast of the outlet of lake Huron, Oil Springs 7 miles south of 
Petrolia, and Bothwell about 35 miles from Oil Springs. 

The petroleum of Canada contains sulphur and is difficult to refine, but its production has been fostered, and 
it supplies a large demand throughout the British provinces. 


Section 9.—HISTORICAL NOTICE OF THE JAPANESE PETROLEUM INDUSTRY. 


The knowledge of rock-oil in Japan is of great antiquity. In B.S. Lyman’s reports (1877) appears the following: 


It is said in the Japanese history called Kokushiriyaku (I am told) that rock-oil (or “burning water”) was found in Echigo (in 
Niphon) in the reign of Tenjitenno, which was 1,260 years ago, or about A. D. 615; and that was probably at Kusédzu, where there are 
very old natural exposures as well as dug wells. The name of the place, Kusédzu, is the name given in the country to rock-oil, and 
means stinking water; and the very fact that the word is by contraction so much changed from its original form, Kusai midra, shows of 
itself considerable antiquity. 

In the Miyéhéji and Kusédzu oil region there are (beside a much larger number of old, abandoned wells) about 178 productive wells, 
which altogether yield about 43 barrels a day, making an average of about 1 gallon a day for each well. The best well is at Machikata, 
and yields about half a barrela day. The best of the former wells was at Kitakata, and for fourteen days (in 1871) it yielded a daily 
average of 19 barrels, but after that only about 8 barrels a day. The deepest productive well of the region is 122 fathoms deep. 

Reviewing all the Echigo oil-fields, we find that there are in all 522 productive wells, of which the deepest is 122 fathoms (732 feet) 
deep, the greatest yield is about 1.2 barrels a day, and the total yield about 26 barrels a day, giving an average of about 2 gallons a day 
for each well. Such a yield, if kept up through the whole year, summer and winter, would amount for all the wells together to 9,500 
barrels a year, worth, at 12 gallons to the dollar, $31,650. 

At Shinano, on the other hand, the yield is far smaller. There are in that province, in spite of the numerous traces of oil and gas, 
only 22 productive wells, of which the deepest is 57 fathoms (342 feet) deep, and the best has a yield of 2} barrels a day; and the total 
yield is a little over 5 barrels a day, or an average of 94 gallons a day to each well; or, in a year, 1,900 barrels altogether, worth 
about $6,250. 

The whole yield of the two provinces, then, is about equal to that of two average Pennsylvaniaoil-wells. Yet two or three cases 
have occurred in Echigo of a yield of 15 to 19 barrels a day for a few days when the wells were new. At Miydhdéji they talk of having 
had a profit of $70,000 to $80,000 from a single well; and the general estimate of the yield of that field has been high. 


Such was Mr. Lyman’s (geologist of Japan) estimate of the product of the most fruitful oil-fields of Japan in 
September, 1876. Many other localities have been explored for petroleum with similar results; but the introduction 
of American refined oil at present prices has nearly destroyed the domestic trade, and has completely arrested the 
production. 

In the very elaborate report made by Consul-General Van Buren in 1880 no mention is made of any domestic 
production of petroleum, although Consul Stahel, of Hiogo, shows that the imports of American refined petroleum 
into Japan have increased from about 1,000,000 gallons in 1872 to nearly 18,000,000 gallons in 1880. Hiogo has 
been one of the most important centers of the native petroleum trade, it having had a refinery. 


SECTION 10.—HISTORICAL NOTICE OF THE PERUVIAN PETROLEUM INDUSTRY. 


Previous to the outbreak of the war between Chili and Peru the prospect of a large development of petroleum 
in Peru was very flattering. The following statement of operations there has been widely copied, but I cannot 
vouch for its accuracy, as I have not been able to verify it: 

Mr. Prentice, the Pennsylvania oil operator, in 1867, paid Peru a visit. A well was put down near Zorritos. At the depth of 146 feet 
a volcanic formation was reached: by the drill, and oil was found. The well pumped 60 barrels a day. A second well was put down. Oil 


was reached at a depth of 220 feet. The yield rapidly declined from 12 barrels to 7 barrels a day. Mr. Prentice was satisfied that the 
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region would prove productive, but he held his own counsel. In 1876 he succeeded in securing the control of the entire estate for the 
purpose of producing oil. In that year the second well mentioned above was drilled to the depth of nearly 500 feet. The tools struck a 
vein of oil-bearing sandstone, and immediately sank 10 feet. This was the first finding of the sandstone. The strike was followed by a 
column of oil that filled the 6-inch casing and was thrown 70 feet in the air. In attempting to control the great flow by inserting tubing 
in the well the inexperienced employés let the tubing drop to the bottom. The side caved in soon afterward and stopped the flow. The 
well is still plugged. Mr. Prentice says its capacity will be 1,000 barrels a day. Another well of his near the above has been in use for 
three years. It has never yet been torpedoed or recupped, It yields 600 barrels a day. Mr. Prentice’s experiments have proved that the 
deeper the wells are sunk the larger the yield is. At 600 feet he declares that a well in his Peruvian regions will pump 5,000 barrels a day. 
Back in the mountains some of his men have struck a vein of petroleum by merely digging a pit 28 feet deep. Several of these pits have 
been dug. Oil accumulates in them in paying quantities. Mr. Prentice has a refinery at Zorritos. Its capacity is 200 barrels; this he is 
now enlarging. There were shipped from the Pennsylvania oil regions in 1870, 1,085,615 gallons of oil to Peru, Chili, and Ecuador. Refined 
oil brings 25 cents a gallon in Peru and its neighboring states. 


I have been informed that since the outbreak of the war nothing has been done in reference to this industry. 


Section 11.—HISTORICAL NOTICE OF THE ITALIAN AND OTHER PETROLEUM INDUSTRIES. 


I am indebted to Professor P. E. DeFerrari, C. E., of Genoa, for the following statement concerning the 
petroleum interests of Italy. His letter was dated Iglesias, Sardinia, December 22, 1881, and in it he says: 

There are in Italy two large districts with petroleum-bearing strata: one in the north, on the southern borders of the Po valley; the 
other in the south of Italy. Unfortunately, in spite of extensive workings and a considerable amount of money employed in searching 
for mineral oil, no satisfactory result was obtained. 

The chief localities where petroleum and its allied products are met with are—Po valley: Rivanazzano, province of Voghera; Riglio, 
province of Piacenza; Miano, in the Caro valley of Parma; Sapuolo, in the Secchia valley of Modena. South Italy: San Giovanni 
Incarico of Caserta; Coco, in the Pescara valley of Chieti. 

In the first district the oil is of a very good quality, very pure, largely diffused in the rock, but occurs in strata chiefly of clay and 
argillaceous sand, which, because of their little permeability, do not permit the free exit of the oil when wells are dugin the ground. The 
geological range of the strata is the Miocene and Pliocene periods. Some geologists believe that below the above-mentioned strata there 
may be other strata which would yield large quantities of petroleum when pierced through with wells. It must be stated that these 
strata have not been found, even in those places where borings of 250 and even 400 meters have been opened (820 to 1,312 feet). 

Six different societies have worked the petroleum springs of North Italy from the year 1866 to 1874, but without success. Several 
wells reached the depth of 200 meters (656 feet), but no large veins of petroleum were met with, and the works were abandoned. In the 
valley of Pescara, South Italy, there are also petroleum springs, with bituminous products. At Coco borings of great depth have 
shown the existence of some oil veins, but of little importance. At San Giovanni Incarico several veins of some hundred liters every 
twenty-four hours were found, but they have no industrial importance. Lately an Italian and French society, with large capital, and 
Canadian workmen and machinery, explored the ground at Rivanazzano and at Coco. They opened four wells 200 meters deep in the 
north; one 400 meters in the south (Coco); but the working was given up for deficiency of money. The whole product of petroleum in 
Italy does not exceed 300 tons a year, and it is chiefly collected in large and shallow wells by the country people, and used on the spot. 
No machinery worth mentioning, but small pumps, are used, and in most places the work is done simply by hand. 

At Sapuolo and Salsomaggiori the gas which comes from crevices in the ground is collected and burned for industrial purposes. 
In the south of Italy bituminous clay is distilled and petroleum condensed in small quantity. The annual importation of petroleum into 
Italy is 50,000 tons, and its value is 14,500,000 frances. 

This letter states the condition of the petroleum industry as related to modern methods of exploitation, and 
prices as governed by the enormous supply furnished at present by the United States; but petroleum has long 
been known in the valley of the Po, and many of its smaller towns have-been lighted by it. The exceptionally fine 

quality of the petroleum of that region made it possible to use it without refining. 

The earliest mention of petroleum from this region is by Frangois Arioste, who cured men and animals afflicted 
with itch with petroleum which he had discovered in 1460 at Mont-Libio, in the duchy of Modena. (4) Agricola 
also mentions it in the middle of the sixteenth century. (b) 

Many other localities will be enumerated in the succeeding chapter as furnishing petroleum, but those 
mentioned are the only ones that have furnished petroleum to the commerce of civilized nations. 

The historical development of the petroleum industry may be summed up as follows: In many regions, and for 
immemorial periods, petroleum gathered from natural springs and dug wells has been used in medicine, and in a 
rude way as an illuminating agent. In China artesian wells have been bored for brine and for natural gas, and 
the latter was used to boil brine for centuries before the Christian era. In the United States artesian borings 
made for brine had furnished petroleum in enormous quantities thirty or forty years before any use was known for 
such a supply. The development of the coal-oil industry between 1850 and 1860 led to experiments upon petroleum 
as a substitute for the crude oil obtained from coal, and with the success of those experiments (1859) came a demand 
for petroleum that led to Drake’s attempt to procure the oil directly by boring. 

The success attending the oil industry in Pennsylvania during the first four years of its existence led to the 
organization of companies all over the world for the purpose of drilling test-wells wherever springs of petroleam 
were accessible. In some localities they were successful; in others only partially so; while in the majority of 

‘instances they were failures, or were found inferior to the primitive dug wells. The continuously increasing and 
enormous production of the United States, and the consequent depreciation in value of all the products manufactured. 
from petroleum, has led to the almost complete control of that trade by American manufacturers, Galicia and the 
Caucasus at the present time being their only competitors, and they only to quite a limited extent. 


rc Se 


a His book was published in 1690 by Jacob Oliger; Comptes-Rendus, ix, 217. b Comptes-Rendus, ix, 217. 


THE NATURAL HISTORY OF PETROLEUM. 19 


CHAPTER I].—THE GEOGRAPHICAL DISTRIBUTION OF PETROLEUM AND 
| OTHER FORMS OF BITUMEN. 


SEcTION 1.—THE OCCURRENCE OF BITUMEN IN THE UNITED STATES. 


The following chapter has been prepared for the purpose of showing the localities upon the earth’s surface at 
which bitumen occurs, and great care has been taken to secure the most accurate information regarding the United 
States. For this purpose letters of inquiry have been addressed to the state geologists of all the states with 
which I am not personally acquainted, and to the geologist incharge of the geological survey of the United States. 
To these official sources of information has been added a large amount of personal inquiry and correspondence. 

The map of the world (I) has been prepared to show the location of the areas producing bitumen. These areas 
are unavoidably exaggerated in size, and many localities of minor importance are omitted. 

The map of the United States (II) shows the localities within the United States that have produced bitumen 
of any kind. Many of these areas are also unavoidably exaggerated in size. 

The large map (IIL) shows the areas in Pennsylvania and New York that have proved commercially valuable. 
This map has been prepared from actual surveys, many of which were undertaken expressly for parties engaged 
in producing oil. The areas tinted yellow are believed to be substantially correct as regards both location and 
outlines. Thestreams were plotted with every attention to accuracy, and are believed to indicate the water-shed and 
lines of greatest elevation. The dates beneath the names of towns indicate the period at which the locality was 
‘ yielding its maximum production. The red lines indicate the main pipe lines, and the broken blue lines indicate in 
a general way the outline of territory over which wells or natural springs have yielded petroleum or gas, but in 
most instances not a sufficient amount of petroleum to be profitable. 

Map IV represents the areas at the White Oak district, West Virginia, drawn from actual surveys. 

Map V shows the location of oil-wells in the valley of the Cumberland river in Kentucky and Tennessee, drawn 
from actual surveys. 

Map VI represents in a general manner the localities in southern Ohio, West Virginia, and Kentucky that have 
produced bitumen. 

Map VII represents in a general manner the localities in Louisiana and Texas that have produced bitumen. 

Map VIII represents the localities in Michigan and Canada that have produced bitumen. 


STATES AND TERRITORIES FROM WHICH NO BITUMEN HAS BEEN REPORTED. 


Maine. _ Maryland. Mississippi. Montana. 
New Hampshire. Virginia. Arkansas. Idaho. 
Vermont. North Carolina. Iowa. Washington. 
Massachusetts. South Carolina. Wisconsin. Oregon. 
Rhode Island. Georgia, Minnesota. Nevada. 
Delaware. 


STATES AND TERRITORIES IN WHICH SOLID BITUMENS OCCUR. 


CoNNECTICUT.—In the valley of the Connecticut river solid bitumens have been observed filling thin seams 
and veins in eruptive rocks. (a) 

NEw York.—In the eastern portion of the state, in the region of eruptive and metamorphic rocks, veins occur 
similar to those reported from Connecticut.(b) In some of the cavities of the New York limestones the crystals 
which line them are covered with a substance, black and shining, with the fracture and appearance of anthracite. 

» NEw JERSEY.—Veins are reported in the trap of New Jersey filled with a bituminous mineral. (c) 

WEsT VIRGINIA.—In Ritchie county, West Virginia, on McFarland’s run, a small tributary of the south fork 
of Hughes’ river, which enters the Little Kanawha, is found a vein of bituminous material, called asphaltum, 
which is without doubt closely related to petroleum and other forms of bitumen, but in precisely what manner 
has been a subject of much controversy. This vein cuts the nearly horizontal sandstone almost at right angles 
and stands vertical to the horizon. Very extensive mining operations were commenced upon the vein, but the 
mass was soon worked down to the lower level of the sandstones, and was found to pinch out in the shales 
beneath. It presented all of the appearances of an eruptive mass. The material was found to be exceedingly 





a J.C. Percival on “Indurated Bitumen”, Geol. of Conn., A. J. S. (3), xvi, 180. 
b L. C. Beck, A. J. 8S. (1), xlv, 335. 
ec J. C. Russell, A. J. S. (3), xvi, 112. 
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valuable for enriching gas, for which it was chiefly used; but a thickness of several hundred feet of shale, in which 
it was almost entirely wanting, prevented continuous working. Other smaller but otherwise similar veins occur in 
the neighborhood. (a) 

TEXAS.—Near the mouth of the Brazos river and in other parts of Texas beds of asphaltum occur, evidently 
resulting from the decomposition of petroleum; but so far as I have been able to learn they have no commercial value. 

NEw MEXICO AND ARIZONA.—In these territories beds of asphaltum are reported. They have no other than 
a local value. 

Uran.—In this territory, in the Sanpete valley, southeast of Salt lake, is said to be a deposit containing 
ozokerite similar to that foundin Galicia. Also on the banks of the Green river veins are said to occur resembling 
the grahamite found in West Virginia. Although I have seen specimens which were said to have come from both 
of these localities, I have never met any detailed description of them. Neither deposit has yet any commercial 
value. ; ; 
CALIFORNIA.—This state includes a large area which furnishes asphaltum, much the larger proportion being 
the product of the decomposition of petroleum, while the remainder occurs in veins that are evidently eruptive, (0) 
the former occurring in beds of greater or less extent on hillsides or gulch slopes below springs of more fluid bitumen. 
These deposits are scattered over the country between the bay of Monterey and San Diego, but are chiefly observed 
west and south of the coast ranges between Santa Barbara and the Soledad pass. In the aggregate there are 
thousands of tons of asphaltum scattered over this region of every possible degree of purity; but it isso difficult 
to handle, and so little is concentrated in one place, that little use has thus far been made of it. 

The case is quite different, however, with the deposit at Hill’s ranch, on the coast above Santa Barbara. 
Here eruptive masses that have been very fully described by Professor J. D. Whitney and myself (see note D) 
occur in such quantity that it has been obtained in cargoes for use in San Francisco. The asphaltum of this locality 
is solid and homogeneous in appearance, but it really contains 50 per cent. of sand, so fine and in such complete 
admixture as to make the material superior for pavement to any artificial mixture that can be produced. I have 
never been able to obtain even an approximate estimate of the quantity that this locality has furnished. 

KENtTUCcKY.—Asphaltum is reported in Johnson county, on the tributaries of the Big Sandy river. Ihave never 
seen any of this asphalt, but I am inclined to think it is also more closely related to the gum beds of Canada, 
above mentioned. ‘ 

TENNESSEE.—Asphaltum is reported in cavities and prisms in the Trenton limestone in middie Tennessee in 
small veins rarely an inch in thickness. The amount is insignificant. 

OTHER LOCALITIES.—Asphaltum is also reported from other localities, in Missouri and Kentucky, but I have 
never seen any of the material, and from ali that I have been able to learn regarding the deposits they resemble 
the so-called gum beds of Canada, which really consist of a mass of mud or soil saturated with petroleum, rather 
than of pure and solid asphaltum. Such mixtures of oil and mud are often met around oil-wells in any of the 
productive districts where the waste oil has soaked the ground about the derricks. 


STATES AND TERRITORIES IN WHICH SEMI-SOLID BITUMEN (MALTHA) OCCURS. 


This material issues from so-called tar-springs, and is found almost or quite exclusively within the southwestern 
portion of the country. I have seen but a single specimen from one of the interior counties of Texas. A letter of 
inquiry, addressed to the secretary of state of Texas, was referred to Mr. N. A. Taylor, who replied: 

The tar-springs in Burnet county discharge a good deal of petroleum. The wagoners gather it to grease their wagon wheels. It 
is probable that borings there would get a good supply of oil. It appears on the surface of nearly all the springs at Sour lake. In days 
past it has evidently exuded from the ground at that place in great quantity, for there are some acres just below the lake almost 
completely covered with the consolidated stuff, or asphalt, the thickness of which I don’t recollect, but no doubt it is very thick in some 
places. An attempt was made there to bore for the oil, but after penetrating the ground to some distance a great explosion occurred, 
and the fellow was afraid to try it again. I think some borings have also been made in Nacogdoches county. There is also a small lake 
in Marion county, where oil covers the water, and where there is also a good deal of asphalt. These counties are in northeast Texas. 
Burnet county is in the southern central portion of the state. 


These tar-springs, which yield a semi-fluid, maltha, are often called oil or petroleum springs by those who do 
not understand the aiteneeed in the value of these different although in some respects similar substances. 

In New Mexico, not far from Albuquerque, tar-springs are reported; also in Arizona and southern Utah; but 
the exact localities I have been unable to learn or verify. 

In southern California, throughout the same region in which asphalt i is found, maltha occurs in great abundance, 
oozing from springs on the hillsides and in the beds of water-courses in cafions, and after exposure to the elements 
becoming hardened into asphaltum. In consistence it passes by insensible gradations from a material scarcely to 

be distinguished from heavy petroleum to solid asphalt. It varies in specific gravity from 0.9906 to 1.100, the heavier 
material, though heavier than water, still remaining plastic like mortar. Springs near the old stage-road between 











a Lesley, J. P., P. A. P. S., ix, 183; A. J. S. (2), xli, 139; H. Wurtz: Report, 1865; S. F. Peckham, A. J. 8. (2), xlviii, 362, Nov.. 1869; 
A. G. J., Xi, 164. 
b J. D. Whitney: Geology of California. Geology, I, 182; S. F. Peckham, A. J. 8. (2), xlviii, 368. 
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the Gaviota pass and the old mission of San Miguel (if my memory is correct) yield a quicksand cemented by 
maltha that oozes out and accumulates in great masses upon the side of the hill, becoming rigid as the maltha 
changes to asphalt. At Rincon point, about half way from Santa Barbara to San Buenaventura, a bed of sand 
overlying the shales, which there stand at a high angle, is saturated with maltha for about 20 feet in thickness over 
many hundreds of acres. The formation is exposed in the ocean bluff for at least a mile. Fig. 1 shows the manner 
in which the sand overlies the shale. (@) 

Early in 1866, when trial-borings for petroleum were being conducted upon the San Francisco ranch, in the 
Santa Clara valley, Ventura county, maltha was found at a depth of 117 feet too dense to pump and without 
sufficient tenacity to admit of being drawn up with grappling hooks, yet sufficiently firm to clasp the tools and 
prevent further operations. On the plains northwest of Los Angeles an artesian boring that penetrated sandstones 
interstratified with shale to a depth of 460 feet yielded maltha. 

In this region there are vast quantities of this material, which has not hitherto been found valuable, but which 
will no doubt at some future day be found useful in the arts. (0b) 

Maltha is also reported at the Shoshone springs, in Wyoming territory, and in cavities in the limestones of 
middle Tennessee. In the latter locality it occurs in small quantities, and has no commercial value. 


STATES AND TERRITORIES IN WHICH LIQUID OR GASEOUS BITUMEN OCCURS. 


NEw YorkK.—In 1865 Jonathan Watson drilled a well in Ontario county, 5 miles east of Canandaigua lake, 
and found there a good oil-rock, plenty of gas, and a production of about 5 barrels of oil daily. A line drawn from 
this point west to lake Erie, and another south to the Pennsylvania line, would include all of the territory in the 
state of New York over which oil or gas has been obtained by boring (see map III), and along the shores of lake 
Hrie, from the state line to Buffalo, at almost any point natural gas may be obtained from artesian borings. Fredonia, 
in Chautauqua county, a few miles south of Dunkirk, has been lighted by natural gas for more than forty years. 

A great many wells have been bored along the lake shore and for some distance inland, and at a number of 
localities in Chautauqua and Erie counties they are reported to have produced small quantities of oil. In the 
southeastern portion of Chautauqua county, and that portion of Cattaraugus county north and west of Salamanca, 
the indications of a productive oil territory become more pronounced, but I have not been able to learn definitely 
that any wells in that region have yielded oil enough to pay their cost. The larger number of these wells were 
drilled many years ago, and detailed statements concerning their exact locality and the results afforded by them 
are now very difficult to obtain. 

South and east of Salamanca the Bradford oil-field of Pennsylvania extends into New York, and has proved a 
very certain and valuable territory. The statements that are made in this report respecting the Bradford field 
apply equally to that portion lying in New York and in Pennsylvania. The field in New York lies south of the 
Allegheny river. (See map III.) 

The next county east of Cattaraugus is Allegany, and at Cuba, in the southwestern part of that county, is the 
oil-spring described in 1833 by Professor Benjamin Silliman, sr. (¢) Through the southern townships of this county 
the Richburg field has been recently opened with much promise. A few wells have been drilled in the southwestern 
part of Steuben county, but with what promise of commercial success has not yet been determined. 

The wells in this region are from 1,600 to 2,000 feet in depth; the oil is of a dark amber color and of a specific 
gravity of 44° Baumé, very closely resembling that of the Bradford field. 

PENNSYLVANIA.—A number of test wells have been drilled in the western part of Potter county, Pennsylvania, 
contiguous to Allegany county, New York, and some are reported to have yielded oil in small quantity, but most of 
them are understood to have been entirely unproductive. 

The next county west is McKean county, and the greater portion of the Bradford field occupies that portion of 
the county embraced in about one-half the townships lying west and north of Smethport. As may be seen from 
the map (III) accompanying this report, the outline is irregular, with a small but detached portion lying to the 
southwest of the main body. This field has been developed since 1874, and while it has been very completely outlined 
by dry holes and wells of small production, there are many wells in different portions of the county outside the 
field that have yielded more or less oil. At Smethport a well yielded a ‘small quantity” of very dense amber- 
colored oil, while at Kane, in the southwestern part of the county, on the Pittsburgh and Erie railroad, is one of the 
most remarkable gas-wells on record. (d) The wells here are from 1,600 to 2,000 feet deep. 

The next county west of McKean is Warren, and in it there are two well-defined productive fields of small 
extent. These are the Warren field, lying around the town of Warren, and the Clarendon and Stoneham field, 
lying to the south a short distance, yet entirely distinct from the former. These fields yield an amber oil of a 
specific gravity of 48° Baumé. The wells are from 800 to 1,100 feet deep. 








a Report cf Geological Survey of California: Geology, II. Appendix, p. 51, Fig. 2. 

b S. F. Peckham, A. J. S. (2), xlviii, 370; Am. C., iv, 6. 

GrAsi ete) CL) RRL, OV, 

d C. A. Ashburner, J. F. I., eviii, 347; P. A. P.S., xviii, 9, 419; T. A. I. M. E., 1879, 1878, 316; A. J.S&. (3), xvi, 393, xvii, 69, xix, 168; 
Jen. Carll; PsA. P.S8., x¥1,-346. 
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In the central, southern, and southwestern portions of Warren county, from Tidioute, on the Allegheny river, 
southwest into Venango county, the territory known as Triumph hill was opened in 1868. Some wells were bored in 
1860 by the Economites in the river opposite Tidioute, and later upon the high land on the south side of the river. 
But this territory is small. On the north and west side of the river (which makes a bend just below Tidioute) a 
narrow belt of territory that has been very productive extends across the hills into Venango county. Northwest of 
this belt, in the southwestern corner of the county, a small territory around Enterprise proved very productive. 
Other noted localities in this section are Fagundus, southeast of Tidioute, and New London and Colorado, southwest 
of the same place. 

The wells in the Warren and Stoneham fields are in a horizon which lies in depth between the Bradford and 
Venango county fields. Those on the island in the Allegheny river, first drilled by the Economites in 1860, were 
120 feet deep; on the hills they are from 560 to 570 feet deep. The oil produced here is dark green by reflected 
light and of the color of brandy by transmitted light, resembling in this respect the oil of the so-called Oil creek. 
At Sheffield, in the southeastern part of this county, is another remarkable gas-well. 

Erie and Crawford counties lie west of Warren county, and have both been pretty well drilled over. At 
Erie, on the lake shore, a number of gas-wells has for many years furnished gas to dwellings and manufacturing 
establishments, and a few wells sunk 600 to 700 feet in the shale have yielded a few barrels of heavy green oil, 
suitable for lubricating machinery. The most successful of these wells (the Demming) did not, so far as I could 
learn, pay the cost of drilling. The oil has a specific gravity of 26° Baumé. At Union City, in the southeastern 
part of Erie county, wells have also been drilled in shale which yielded a small quantity of very dense oil for a very 
long time. The first well was drilled in 1859, soon after Drake struck oil, to a depth of 52 feet, and has yielded a 
small quantity of oil ever since. Several other wells have been drilled here, but none of them, so far as I could 
learn, have ever proved profitable. 

Mr. J. P. Stranahan, of Union, informed me that he and his brothers dug out an oil spring thirty-five years 
ago at Oxbow hill, a few miles northeast of Union, and that it had flowed oil ever since. The boys set the gas 
from the spring on fire and boiled eggs in the flame. 

In 1879 a well was drilled 24 miles west of Union, that struck oil in “paying quantities” at 18 feet. In going 
deeper to get more oil the well was spoiled, and was afterward abandoned; but I conclude that at better prices Erie 
county can be made to produce a considerable amount of heavy oil. At Girard and other points near the lake 
shore gas-wells are productive. 

Crawford county, excepting in the southeast corner, along the valley of Oil creek, has about the same record 
as Erie county. Along the valley of French creek and its tributaries, above and below Meadville, many wells have 
been bored, some of which produced oil, but none in quantities that proved remunerative. 

Titusville is near the line of Venango county, in the southern part of Crawford county, and north of Titusville 
is Church run, a locality that for a time proved very productive. This neighborhood has yielded oil from the 
date of Drake’s well (1859) up to the present time. Drake’s well was 694 feet deep, and penetrated only to the 
first stratum of sandstone yielding oil; but after the wells were drilled deeper a second and a third sandstone 
were reached, and a much greater yield was obtained. The valley of Oil creek has been drilled all over, and nearly 
everywhere south from Church run it has proved productive. The portion, however, that lies in Crawford county 
is comparatively small. 

South of Crawford county lie Mercer and Venango counties. Mercer county has been well drilled over with 
test wells, particularly the eastern portion, but without developing any territory of value. Venango county has 
proved one of the four most productive counties in the state, and if complete statistics from 1859 were to be had it 
would probably head the list. Oil creek enters near the middle of its northern boundary and runs a little east of 
south until it enters the Allegheny river near the center of the county, at Oil City. The Allegheny river enters 
the county near the middle of its eastern boundary, receives Oil creek at Oil City, and, flowing southwest, receives 
French creek at Franklin, from which point it flows southeast, and leaves the county at its southeast corner. The 
valley of Oil creek, the triangle between that creek and the Allegheny river, and the region below Franklin, on 
the same river, is crossed at intervals by long and narrow belts of territory, often from an eighth to a quarter of a 
mile wide and several miles in length, which have produced and are still producing oil in enormous quantities. 
These belts occupy long troughs or depressions, level on their upper surface, and curved upward from the center 
on the under surface from side to side. In a few instances the productive territories have been found to resemble 
pools in their outline and dimensions, but the major portion of this whole county is crossed by a great number ot 
these belts which have yielded enormously productive wells in the center and less productive ones on parallel lines 
along the sides, until at a distance in some instances of 20 rods on either side the drill failed to reveal the presence 
of either sand or oil. The oil of this section has been quite uniform in character, excepting that produced in the 
neighborhood of Franklin, a small territory in the angle formed by French creek and the Allegheny river. In 
color it is for the most part green, although a considerable quantity has been obtained that is decidedly black. 
The specific gravity has varied from 42° to 48° Baumé. 
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The Franklin district has furnished a lubricating oil of very superior quality from shallow wells. These wells 
are almost all in Cherrytree township, Venango county; but a few are in Franklin on the high bluffs south of 
the city. 

Forest county lies east of Venango county. Here several belts extend from one into the other, and several 
independent areas of small extent have been developed within its limits., West Hickory, Foxburg, and Balltown 
have been the principal centers, but the county, on the whole, has not proved to be very important for oil 
production. - 

The next county east is Elk, but as an oil-field is of less importance than Forest. A few wells have been 
drilled in its northwest corner, and others in the neighborhood of Wilcox have produced oil; but the production, 
as a whole, is unimportant. Near Wilcox is a noted gas-well. 

Jefferson county, lying south of both Elk and Forest, has received some attention, but is without reputation. 
I have not learned that any of the wells reported to have been drilled there have yielded oil; they certainly have 
not in valuable quantity. 

A glance at map III, accompanying this report, will show a large belt of oil territory having a general northeast 
and southwest direction lying in Clarion, Armstrong, and Butler counties. This belt begins in the southwest 
corner of Clarion county, passes through the northern part of Armstrong county, and extends nearly to the center of 
Butler county. The wells are from 900 to 1,300 feet in depth, becoming deeper as they approach the southwest 
extremity of the belt. This belt has been exceedingly productive throughout its entire area, and furnished the 
bulk of the oil production of Pennsylvania from 1869 to 1877. Small areas in each of the three counties have been 
developed outside the principal belt that have yielded in the aggregate a large amount of oil, but their importance 
has been so overshadowed by the main Butler and Clarion fields that they have been but little noticed. At Petrolia, 
in Armstrong county, gas-wells have proved very productive, and at Leechburg, on the Kiskiminitas, this gas has 
been used for manufacturing iron. 

In the lower part of Armstrong county petroleum was obtained in 1839 in salt-wells, and was used for derrick 
lights. 

West of Butler county, in Lawrence county, many wells have been drilled, with varying success. In the 
southeast corner of this county, on Slippery Rock creek, a belt has been developed that has been moderately 
prolific ; but outside of this small area the county may be said to possess but little value for oil purposes. 

South of Lawrence county, in Beaver county, a very valuable field has been opened up in the neighborhood of 
Smith’s Ferry, on the north side of the Ohio river. This territory is between 3 and 4 miles square, and the oil is 
uniformly different from that produced in other portions of Pennsylvania and the adjoining states of Ohio and 
West Virginia. Being of a light amber color, resembling pale sherry wine, though not transparent, and having 
a specific gravity of 50° Baumé, it will burn in a lamp in hot weather without refining. This oil is much more 
valuable than the average of Pennsylvania oils. 

Allegheny county lies east of Beaver, and near its center is the city of Pittsburgh. Along the Allegheny river 
above Pittsburgh, particularly near Tarentum, in the northeast part of the county, petroleum has been observed 
for 40 or 50 years, and it was here that Mr. Kier obtained the first oil that he refined at Pittsburgh. This county 
has never been regarded as valuable for oil purposes. 

Oil suitable for lubrication has been obtained at Greensburg, in Westmoreland county, and many wells have been 
drilled in Washington county; but the production of oil has been practically nothing. In the southeast corner of 
Greene county, which is the southwest county of the state, an area on Dunkard’s creek has produced a few thousand 
barrels yearly for several years, but the territory is small, and has been comparatively unimportant. 

OHIO AND WEST VIRGINIA.—There are three localities in Ohio that have yielded petroleum from an early date. 
These are the neighborhood of Mecca, in Trumbull county, the neighborhood of Belden, in Lorain county, and 
Washington county. 

Mecca is near the center of Trumbull county, which lies directly west of Mercer county, Pennsylvania. The oil 
produced here is from shallow wells, less than 100 feet in depth, is of a specific gravity of 26° Baumé, and of very 
superior quality as a lubricator. The territory is about 4 miles in length, north and south, by 25 miles wide, and 
lies upon the west bank of Mosquito creek, with the village of Power’s Corners near its center. Large sums of 
money have been expended in boring for oil in the valley of the Cuyahoga, where there are numerous springs; but 
none of the wells proved profitable, although a small quantity of oil was obtained in nearly all of them. 

The Belden district, in the southeast part of Lorain county, is of about the same dimensions (4 by 24 miles), 
but lies with its longer axis east and west. Several varieties of oil are produced here from wells of different depths. 
The more dense is black, and has a specific gravity of from 26° to 28° Baumé, while the lighter is green, and has a 
specific gravity of from 28° to 36° Baumé. It is supposed that this territory is larger than present developments 
would indicate, as wells have produced oil at Liverpool and at Medina, in Medina county, both of which are several 
miles east and southeast of Belden. 

In the southeast portion of Columbiana county, a short distance west of the Smith’s Ferry district, in 
Pennsylvania, many wells have yielded in the aggregate quite a large quantity of petroleum, although, as compared 
with other localities, the yield is unimportant. 
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The Washington county district extends into Noble, Morgan, and Athens counties, and for the most part lies 
in the valley of the Muskingum and its tributaries. Petroleum was obtained here in brine wells as early as 1814, 
and was noticed by Dr. Hildreth, of Marietta, in 1833, and again in 1836. (a) 

The white oak anticlinal, or so-called “ oil-break” of West Virginia, extends from Newell’s run, a tributary of 
the Little Muskingum river, in Newport township, Washington county, Ohio, to Roane county, West Virginia, passing 
through Pleasants, Ritchie, Wood, and Wirt counties, of the latter state, reaching its highest point at Sand Hill, 
where the axis crosses Walker’s creek, the rocks here being raised about 1,500 feet above their normal level. The 
crest is about one mile wide from side to side (east to west), in which the rocks are practically level, the stratification 
being as uniform as in the rocks outside of the anticlinal; but along its axis it is not level, forming there 
undulations, in which the whole depth of the formation shares. This brings the entire series in three elevations: 
the first one north at Horse Neck, in Pleasants county; the second at White Oak, in Wood county; and the 
third at Burning Springs, in Ritchie county. Oil is found under these three elevations, and consequently there 
are in West Virginia three contiguous districts that yield oil.(b) A few wells have yielded oil at the northern 
extremity of the uplift on Newell’s run, in Ohio. 

The territory of ‘Cow run” is situated in Lawrence township, Washington county, Ohio, about 3 miles west 
of the northern extremity of the white oak anticlinal. Here the rocks for about three-quarters of a mile square are 
raised 350 feet above their normal level, dipping off gradually on all sides. 

The Macksburg territory is of limited extent, and is situated in Aurelius township, in the extreme northern 
part of Washington county. : 

At Olive, in Noble county, where the brine well of 1814 was located, petroleum has been obtained, and also in 
the Scioto valley, but not in paying quantities. (See Map VI.) 

At Blue Rock, southeast of Zanesville, in Muskingum county, Buck run, in Morgan county, and Federal creek, 
in Athens county, a few wells have proved profitable. At Rutland, near Pomeroy, in Meigs county, near Gallipolis, 
in Gallia county, and on Tug fork of the Big Sandy river, in Wayne county, West Virginia, oil-springs have been 
observed. These localities lie in an almost direct line from Blue Rock to Tug fork, and are supposed to indicate a 
line along which wells will ultimately prove profitable. ; 

There are several horizons in this region lying at different depths that yield oil of different specific gravities. 
The facts relating to this subject will be elucidated in Chapter ITI. (c) 

Along the lake shore, at Ashtabula, Painesville, Cleveland, Rocky river, and other localities, gas-wells have 
yielded profitable supplies for heating and lighting dwellings. (d) At Liverpool, Columbiana county, Ohio, and 
across the river, at New Cumberland, Hancock county, West Virginia, gas-wells have yielded very large amounts 
for a long time, (e) the gas from which is used for lighting dwellings and factories and for the manufacture of 
lampblack. In Knox county some of the most remarkable gas-wells on record have been discovered in boring for 
oil. This gas is also used for the manufacture of lampblack. A further description of these wells will be given in 
the chapter devoted to natural gas. (f) At Burning Springs, Ritchie county, West Virginia, the escape of natural 
gas was noticed by the earliest settlers. (q) ‘ 

At the salines, in the valley of the Great Kanawha, above and below Charleston, petroleum has been observed 
for at least fifty years, and for a time the natural gas which arose with the brine in nearly all of the wells was 
largely used for evaporating purposes; but while the aggregate production of this locality has no doubt been many 
thousands of barrels, it was for the most part obtained before petroleum became an article of large demand, and 
much of it was doubtless wasted. (See Map V1.) 

KENTUCKY AND TENNESSEE.—The oil and burning springs that mark the line from Blue Rock, in Ohio, to the 
Tug fork of the Sandy river, in West Virginia, is continued in outcrops on Paint creek, Johnson county, Kentucky. 
This creek is a tributary of the west fork of the Big Sandy, and has been described by J. P. Lesley in his report 
published in 1865. (hk) Springs are also met with near Saylersville, in Magoffin county. In Lincoln, Rockcastle, 
Pulaski, Casey, Green, Adair, Russell, and Metcalfe counties oil-springs are found, and oil-wells have been drilled at 
different times. Some of these wells in Lincoln and Casey counties are old salt-wells, drilled fifty or sixty years 
ago; others are oil-wells drilled during the excitement of 1865 and 1878. The oil sand in Lincoln county lies at a 
depth of about 300 feet. A number of wells have been drilled in this county in the neighborhood of Stanford, all 
of which are reported to have reached oil, but the wells have not been piped or pumped, and none of the oil has 
been put upon the market. In Wayne county the oldest well in the country is still flowing oil. It was drilled for 
brine on the little south fork of the Cumberland river, in the southeast corner of the county, in 1818. The oil is heavy, 
black lubricating oil. Wells have been drilled near Monticello since 1865 that yield a heavy oil of a dark-green color, 
specific gravity 25° Baumé, that has a high reputation as a lubricator. In Clinton county oil was obtained in 1866; in 
Cumberland county the old American well was bored for brine in 1829 and flowed oil till 1860; and in1865a large number 
of wells were drilled along the Cumberland river and the creeks flowing into it, and they probably gave the most 








DINARS) i 2 eab ellis oo. be fore d J. 8. Newberry, Geo. Ohio, i, 161. 
b See sections, Plates III and IV. e Ibid., iii, 118. 
e For many of the facts stated in this report respecting this Ff Geo. Ohio, 44. 
region I am indebted to F, W. Minshall, esq., of Parkers- g S. P. Hildreth, A. J. 8. (1), xxix, 87, 121. 
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certain and largest yield of oil that has ever been obtained for the same cost in any locality. At the same time, 
probably a larger proportion of the oil produced was wasted than has been the case anywhere else in the United 
States, as it is supposed that 50,000 barrels from the American well ran down the Cumberland river before any 
attempt was made to save it. The oil near Burkesville, Cumberland county, has a peculiar, offensive odor and a 
specific gravity of 37° Baumé. Amber oil of a lower specific gravity was obtained from other wells in small quantity, 
and a larger amount was yielded by wells on Oil fork of Bear creek (east of Burkesville), which was of a black color, 
with a specific gravity of 26° Baumé. The oil here appears to be in a sort of marble at 90, 190, and 380 feet from 
the surface. 

On Boyd’s creek, near Glasgow, Barren county, Kentucky, oil has been obtained for several years in 
commercial quantities, the wells being in the bed of the creek and on the adjoining hills. A few thousand barrels 
per year are obtained here. Wells have also reached oil on Beaver creek north of Glasgow. <A well is also 
reported to have yielded “ considerable quantities” of oil near Bowling Green, Warren county, and another near 
the Manoth cave, in Edmonson county. (See Map V.) 

Directi,’ north of these counties, on the Ohio river, wells have reached oil at Brandensburg, in Meade county, 
at a depth of 900 feet; but those who drilled them afterward concluded that they were not deep enough. Three 
wells were also drilled near Cloverport, which yielded a small quantity of oil. Another well is reported in Bourbon 
county, and still another at Henderson, in Henderson county. This latter well is reported to have yielded a very 
valuable lubricating oil. Over at least one-third of the state scattering wells have yielded petroleum, some of 
which have been among the most remarkable in the country. 

Springs of natural gas are common throughout the region just otittlined; but I have not learned that the gas 
is anywhere used for any purpose, or that more than one well has ever been bored for gas, that at Bristow 
station, Warren county. Cumberland, Clinton, and Wayne counties, Kentucky, border Clay and Fentress counties, 
Tennessee, which, with Overton, Jackson, and Putnam counties, are drained by the east and west forks of Obey’s 
river and other smaller tributaries, with Eagle and Spring creeks, all of which are tributaries of the Cumberland 
river. Many oil-springs are found in the valleys of these streams, and during 1867, 1868, and 1877 a number of 
wells were bored, almost uniformly producing oil, the larger part of which ran to waste for want of means of 
transportation. Trousdale, Macon, and Sumner counties, lying west of Jackson county and north of Nashville, 
also have oil-springs along some of their streams. To the west of Nashville about 40 miles another group of 
counties has oil-springs in the valleys of their streams, the principal field of operations being in Dickson county. 
Several wells drilled here from 1866-69 to 1877 to a depth of between 400 and 600 feet yielded oil of a specific 
gravity of 44° Baumé. 

In Hickman, Montgomery, and Maury counties there are springs, from one of which oil has been oozing since 
1830, when it was opened by blasting for the foundation of a mill. 

During the year 1863~64 McMinnville, in Warren county, was the center of some activity in exploring for oil. 
A well sunk about forty years before for brine was sunk deeper for stronger brine. Oil flowed upon the creek, 
which took fire and destroyed the forests for 10 miles along its banks. Mr. M. C. Read visited this region in 1864, 
and found the agents of a Chicago company putting down five or six wells. These were located by witch-hazel 
men, at $500 each, to be paid when they struck oil. Mr. Read asserted that there were several bottomless pits of 
petroleum beneath an intensely hard, cherty limestone, very difficult to drill. The company spent the first 
assessment before they got through that stratum, when, the price of oil falling, they pulled out their tools and left. 
Cannon county, adjoining Warren county on the west, has been examined during the last season and many springs 
of heavy oil have been discovered. Oil has also been reported in a well near Chattanooga. The counties that I 
have enumerated cover about one-sixth the area of the state. (See Map V.) 

ALABAMA.—Jonathan Watson, esq., of Titusville, Pennsylvania, drilled wells in northern Alabama in 1865 
and got oil in two of them. 

FLORIDA.—It is reported to me that there are no petroleum springs in Florida. A. A. Robinson, commissioner 
of the board of immigration, Tallahassee, Florida, in a letter, says: 

There is in the midst of an impenetrable cypress swamp near the coast, in Jefferson county, and about 35 miles southeast of 
Tallahassee, a mysterious column of black smoke, which has been rising for twenty years. At night it emits light, fitful and irregular, 
frequently lighting the sky so as to be seen miles away at sea. It is supposed to be a petroleum spring on fire. Much time, money, and 
enterprise has been expended to explore theswamp. No one has ever succeeded. It must be petroleum or a volcanic eruption. Some 
data may be found on the subject in the records of the United States coast survey. 

MicHIGAN.—Oil and gas springs have been noticed on and near the shores of lake Huron and the entrance to 
the Saint Clair river. They are situated in several townships of Saint Clair county, not far from the city of Port 
Huron. <A number of wells were bored near these springs in 1865, but none of the enterprises proved remunerative. 
(See Map VIII.) 

ILLINOIS.—A well was bored at Chicago in 1865 that passed through strata that yielded petroleum both near 
the surface and at considerable depths. (a) The well was drilled for water. Recently a well has been reported as 
having been drilled in Montgomery county, a little north of east of Saint Louis, which yields a very heavy black 
oil, valuable as a lubricator. 





aA. J. 8. (2), xl, 388. 
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INDIANA.—Wells drilled for water at Terre Haute in 1870~71 showed petroleum, and afterward a well drilled 
purposely for oil yielded 25 barrels a day of a heavy green oil. In Crawford county, ‘‘ during the oil excitement ” 
from 1864 to 1868, ten wells were bored, and almost everyone yielded ‘‘a show” of oil; but in no case could a yield 
of more than a pint a day be heard of, and in some cases only a few oily drops upon the surface of thousands of 
barrels of water were found. 

The oil-supply rocks of this vicinity are so limited that there is hardly a possibility of striking a paying well, 
and some of the white-sulphur fountains now running from wells bored for oil are more valuable than any oil-well 
possible in the county. More than 20 oil-springs have been noted in this county. (a) E.T. Cox, in the Geological 
Survey of Indiana for 1872, page 139, says: 

During the great oil excitement of 1865-’66 quite a number of wells were drilled in the northern part of this (Perry) county, on the 
waters of Anderson and Oil creeks. These wells were generally carried to a depth of 700 feet, and in one or two of them was found a little 


oil and gas. Though it is extremely doubtful if oil in paying quantities can be found in the county, still I do not believe that these wells 
were carried to a sufficient depth to reach the corniferous and Niagara limestones, from whence the oil is obtained in the Terre Haute well. 


Perry county joins Crawford county on its eastern border, and also contains oil-springs. In Lawrence county 
indications of petroleum have also been noted. Perry and Crawford counties, Indiana, are north of and opposite 
Breckinridge and Meade counties, Kentucky. 

MISsoURI.—Some wells were drilled in this state about 1865-68. A letter from Professor G. C. Swallow says: 


A well was sunk on Mr. Boyd’s land in Sec. 21, T. 33, R. 33, Barton county, 130 feet, without obtaining any considerable quantity 
of oil. Another well was sunk in Sec. 35, T. 34, R. 32, to the depth of 525 feet, principally in sandstone and shale; very little oil was 
found. In Barton and Bates counties oil often rises on the water of many springs in small quantities. In La Fayette county a well was 
sunk toa depth of some 600 feet through sandstone, shale, coal, and limestone. Very little oil was found, and none was saved. It 
appeared on the surface in a sandstone, and this led to the work upon the well. Another well was sunk in Ray county, from which small 
quantities were obtained. In Ray county oil often rises with the spring water and consolidates into asphaltum; in fact, there is no 
prospect of ever finding any oil in paying quantities in Missouri, though it comes to the surface in springs in hundreds of places in the 
region of the coal measures. 


Ray and La Fayette counties are on either side of the Missouri river near the western boundary of the state; 
Bates and Barton counties are farther south, and are drained by the tributaries of the Osage river. Oil-springs 
are also reported in Cass county, north of Bates. 

KANSAS.—Miami county, Kansas, is west of Bates county, Missouri, and is also drained by the tributaries or 
the Osage river. Oil and tar springs abound in this county, and oil was obtained in the salt-wells at Osawatomie, 
Paola, and other places. In 1860 a well was bored 275 feet deep on Sec. 15, T. 17, R. 23, and “‘ they got oil all the 
way down”. It is supposed it would yield one barrel a day. Another well was bored in 1865 on Sec. 11, T. 17, RB. 
24. Oil-springs are also reported in Linn county. The oils are all black and heavy, and are fit only for lubrication. (0) 

LOUISIANA—In the low lands bordering on the Calcasieu and Sabine rivers there are numerous springs of 
petroleum. (c) (See Map VIL.) 

NEBRASKA.—In a communication to 8. F. Peckham from Professor Samuel Aughey appears the following: 


No petroleum springs, as such, are known in Nebraska. No wells have been drilled purposely for oil. In boring for coal at Ponca, 
Dixon county, a small amount of oil rose to the surface from a depth of 370 feet. I obtained only about a spoonful by saturating woolen 
cloths. Don’t amount to anything. The same traces of oil have been obtained this season in boring for coal at Decatur, Burt county. I 
have observed genuine petroleum floating in the north Platte river above the mouth of Willow creek, in extreme western Nebraska. Thus 
far I have failed in my efforts to trace it to its source. 


Dixon and Burt counties are on the west bank of the Missouri river, in northeast Nebraska. 

MONTANA, WYOMING, DAKOTA, COLORADO, AND NEw MeExico.—A letter addressed to the director of the 
United States geological survey, July 6, 1881, in which inquiries were made regarding the occurrence of petroleum 
in the territories, was referred to the different geologists in charge of those regions, and in reference to those 
named above S. F. Emmons replied as follows: 


Certain horizons of the cretaceous sandstones in the Rocky mountain region are more or less impregnated with hydrocarbons, and 
when sufficiently and systematically examined will be very likely, in favored localities, to yield merchantable petroleum in considerable 
amount, if the conditions aresuch as tomakeit pay. As yet, however, but little has been done, and the returns of my experts, who were 
instructed to report on any petroleum wells that they could hear of, contain no schedules on this industry. The only information I can 
give you, therefore, is of the most general description. * * * Actual springs of petroleum I have not seen, though I have occasionally 
heard of a little oil on the surface of water. Considerable thickness of sandstones was observed by me on the southern slopes of the Uinta 
mountains, notably in Ashley creek basin, which were black with carbonaceous matter. The weathered surfaces, however, had lost all of 
their volatile ingredients, and doubtless suffered thereby some chemical change; so that it was more of an asphaltic material that was left. 
In the neighborhood of Bear River City, on the Union Pacific railroad, near the boundary of Utah and Wyoming, and also about 15 miles 
east of there, in the hills, wells were sunk, from which a few barrels of petroleum were obtained, but I fancy it never proved a pecuniary 
success. The supply was small, and the product of too little value to pay for working. This was nine or ten years since. 

Theard of a man who claimed to have a petroleum well somewhere between the south end of the Wind river and the Big Horn mountains 
from which he was obtaining an excellent lubricating oil, and which he sold at ahigh price. Some excitement was spoken of in the papers 
a year or two since about petroleum on the west slopes of the Black hills of Dakota; and there has been talk of some out on the hills to the 





a Geological Survey of Indiana, 1878, p. 520. 
b Report of Geological Survey of Miami county, Kansas, by G.C. Swallow. 1865. Kansas City, Missouri. 
c Prefessor William M. Carpenter, A. J. S. (1), xxxv, 345. 
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northeast of the same, though I hear nothing of them lately. All these points would strike the same cretaceous rocks, but are too far 
away from lines of communication to encourage capital to develop at present. Within the past year some coal company “struck oil” in 
a well on their property a few miles south of Cafion City. 

In brief, then, as far as I know, there is no actual production of petsoleum in my district; it exists, however, in the cretaceous rocks 
which extend over the greater part of it along the eastern slope of the Rocky mountains from British Columbia to Mexico and in many of 
the interior valleys. Blake’s map, published in the Ninth Census, will give you a rough general idea of the extent of this formation. 
‘Whether the petroleum thus existing can be made to pay, whether it is concentrated in sufficient quantity, or is of good enough quality, 
can only be satisfactorily proved by practical experiment. I think myself it will probably do so in time, locally, at any rate; but, owing 
to low price, it may be some years yet before labor and other conditions favor the development. 

An artesian well at Yankton, Yankton county, Dakota, 300 feet deep, is reported to have struck blue shale 
which is saturated with petroleum. 

Returns have been made to the Census Office from two parties in Wyoming. The first is located 75 miles 
north of Point of Rocks station, on the Union Pacific railroad, and south of the Shoshone Indian reservation, in 
Sweetwater county. This property is reported to consist of ten or twelve springs and a well 60 feetdeep. The oil 
is very heavy—19° Baumé. The second locality is southwest of the Black hills, in Laramie county, near the Dakota 
line, 25 miles northwest of the junction of the east and west forks of Beaver creek. This property consists of 
springs of water, from the surface of which the oil is collected and strained, and supplies a local market. 

CALIFORNIA.—Bitumen is distributed very generally throughout the coast ranges from San Francisco bay 
south to Los Angeles county, and petroleum is reported to have been obtained in a well on Tunitas creek, San Mateo 
county. The extensive operations of the Pacific Coast Oil Company are reported to be located in Lexington township, 
Santa Clara county, but I have been unable to learn any particulars in reference to the production of their wells. 
Tar-springs are found through Monterey, San Luis Obispo, Santa Barbara, Ventura, and Los Angeles counties. In 
the Santa Clara valley, in Ventura county, and in the hills on both sides of it, much money has been expended during 
the last seventeen years, and some oil has been obtained, the principal localities having been in the cafions of the 
Sulphur mountain that border the Ojai ranch on the south, at the mouth of the Sespé cafion, further east, and 
both east and west of Petrolia, near the upper end of the valley; but it is impossible at this distance to express an 
opinion respecting the real value of the operations or the product obtained. The opinion that I expressed in 1866, 
in a report that I at that time submitted to Professor J. D. Whitney, then state geologist, I believe has been justified 
in every particular, so far as the Santa Clara valley is concerned. 


In the Report of the Geological Survey of California (Geology, II), appendix, page 73, it appears as follows: 


The expectation of extraordinary results, that will admit of comparison with those that have been produced in Pennsylvania, must 
be setaside. The expectation of a fair return and a permanently profitable investment may be reasonably entertained ; and the application 
of capital on this basis to this interest will make it of great importance to the state, and especially to that particular section in which 
the bituminous outcrops occur. 


SECTION 2.—GEOGRAPHICAL DISTRIBUTION OF BITUMEN IN FOREIGN COUNTRIES. 


The notices of bitumen in foreign countries do not admit of very exact classification, as the name petroleum 
has been from early times applied indiscriminately to nearly every form of bitumen by writers but little acquainted 
with the subject. 

BRITISH AMERICA.—Bituminous minerals, often solid when they appear upon the surface, but more frequently 
semi-fluid or fluid, occur at many localities in British America. Petroleum has been almost without exception 
obtained by boring. 

Bituminous schists, called petroleum schists, have been observed on the banks of the Mackenzie river; (a) also 
near fort McLeod, 260 miles north of fort Benton, Montana, and at another point 36 miles southwest of the same 
point, near the 114th meridian, on the Taylor farm. (b) In the valley of the Elk river that empties into Athabaska 
lake ‘‘ there is a peaty bog, whose crevices are filled with petroleum, a mineral that exists in great abundance in 
this district. We never observed it flowing from the limestone, but always above it, and generally agglutinating 
the beds of sand into a kind of pitchy sandstone. Sometimes fragments of this stone contain so much petroleum 
as to float down the stream”.(c) The occurrence of petroleum or bitumen on the Athabaska was recorded by Sir 
Alexander Mackenzie in 1789, and again by Sir John Richardson in 1851. The first-named author states, on page 
87 of his narrative, alluding to the forks of the Athabaska or Elk river, that “at about 24 miles from the forks are 
some bituminous fountains, into which a pole 20 feet long can be inserted without the least resistance. The bitumen 
is in a fluid state; heated, it emits a smell like that of séa coal”. Sir John Richardson says: ‘‘ The whole country 
for many miles is so full of bitumen that it flows readily into a pit dug a few feet below the surface.” 

On the Abittibi river, south of Hudson’s bay, petroleum is reported, occurring in strata resembling those just 
mentioned. (d) 





a E. Heibert,B. G. S. F. (3), iii, 87. 

b J.C. Nelson, of the Dominion surveyor-general’s office. 

e Account of the route to be pursued by the Arctic Land Expedition in search of Captain Ross, by Captain Back, R. N., Jour. Roy. 
Geog. Soc., iii, 65, 1833. 

d Descriptive Catalogue of the Minerals of Canada at the Philadelphia Exhibition, page 63. 
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A number of localities are mentioned where petroleum occurs in Newfoundland, among them West bay, Port-au- 
Port bay, Piccadilly, and a point between Bonne bay and Saint John’s island, to the north of Cow harbor. (a) At 
lake Ainslee, on Cape Breton island, petroleum springs occur, and a number of borings have been made without 
suecess. At Kempt, Nova Scotia, limestone occurs, in which petroleum is found of a honey-yellow color in small 
cavities which are lined with crystals of calcite. (b) Petroleum is also reported at Hillsborough, New Brunswick. 
Here also occurred the deposit of albertite which for a number of years, like the grahamite of West Virginia, was 
very famous. It is of eruptive origin, filling a vertical fissure in shale. It was at first extensively used for the 
production of coal-oils before the introduction of petroleum, and afterward, like grahamite, for enriching gas coals. 
The deposit is practically worked out and the mine is abandoned. 

Petroleum springs were first mentioned at Gaspé, near the entrance to the gulf of Saint Lawrence on the south, 
in 1844, by Sir W. E. Logan. They have since been noticed in successive reports of the Canadian geological 
survey, and were in 1865 made the subject of a special report by Dr. T. 8S. Hunt, in which he mentions a number 
of localities in the neighborhood of Tar Point, Douglastown, and other places in the neighborhood of Gaspé bay, 
along a line of 20 miles, where the rocks are impregnated with solid, semi-solid, and liquid bitumens, which ooze 
from them at many points. Several wells were drilled here, but in none of these localities do the springs yield any 
large quantities of oil, nor have the borings which have been made in two places been as yet successful. (¢) 

In reply to inquiries made in June, 1881, Dr. A. R. C. Selwyn, director of the geological survey of Canada, 
says: 

As regards Gaspé and Cape Breton, the question iseasy. Petroleum has been found, but never in sufficient quantity to be commercially 
available. 


Wells were drilled near Wequamikong, Great Manitoulin island, in lake Huron, in 1865, and oil was obtained, 
but not in remunerative quantities. 

The productive oil-fields of Canada lie in the county of Lamberton, in the western part of the province of 
Ontario, and principally in the township of Enniskillen, around the village of Petrolia. In the Descriptive Catalogue 
of the Minerals of Canada at the Philadelphia Exhibition, page 61, appears the following: 


The whole oil-producing region around Petrolia has an area of about 11 square miles, with its longest diameter running about north- 
northwest. The bluish clay of the surface has a pretty uniform depth of about 100 feet, and beneath it borings penetrate an average 
thickness of 380 feet of interstratified bluish-gray dolomites, shales, and marls (the last being locally known as “‘ soapstone”) to the most 
productive stratum, or 480 feet in all. At first many of the wells both at Oil Springs and Petrolia flowed spontaneously, but now they 
all require to be pumped. The oil is accompanied by sulphurous saline water, and has an offensive odor. The difficulty in getting rid of 
this odor at first stood much in the way of the successful competition of the Canadian petroleum with mineral oils from other countries ; 
but since the refineries have been able to thoroughly accomplish this, it has been acknowledged to be a very superior burning oil. 


Theo. D. Rand, J. F. I., LX XX, 59, says: 


In 1861 numerous wells were sunk, many through the surface clay only, others one or two hundred feet in the rock, and oil was 
everywhere obtained in fair quantity. During the winter of 1861-’62 and the following spring the great flowing wells which have made 
this region so famous were struck one after another. The yield from these wells was enormous, ranging by estimate from 1,000 to 
7,000 barrels a day. 


MExIco.—A vein resembling albertite is reported in the state of Guerrero, 170 miles from the city of Mexico, and 
petroleum of a beautiful light-straw color and a density of 325° Baumé is reported from near the city of Mexico. (d) 
It is also reported from laguna Tampamachoco, on the north side of the Tuxpan river, on the gulf of Mexico, 20 
miles from Tuxpan. Tar-springs are reported to rise in the gulf of Tampico, and their products float ashore. 

About 20 miles from the bar of the river Coatzacoalcos, that rises on the isthmus of Tehuantepec and empties 
into the bay of Campeche, and half a mile inland, the “laguna del Alquitran”, or lake of Tar, is thus described: 


It is surrounded by tall grass, and measures upward of an acre in extent. The exterior crust is a compact layer, sufficiently solid to 
enable one to walk around its border; but the center is soft, and under the rays of a vertical sun the surface shines like polished jet. In 
many places there are diminutive ponds of water tinged with iridescent colors, while in others the fluid bitumen bubbles up asif in a 
constant state of ebullition. Sometimes these bubbles are aggregated so as to form small cones three and four feet high, which evolve 
vapors, burst, and overflow. Asa proof that the petroleum springs of the isthmus are subterraneously connected, I may mention that 
whenever an ebullition or a spontaneous conflagration oceurs in the lake of Tar it is at the same time repeated in all the others, although 
widely separated. At rare intervals, about once a year, the lake of Tar is spontaneously ignited, and the whole surface is covered with 
a sheet of flame, which is accompanied by volumes of dense smoke, impregnating the air with powerful bituminous odors. On the day 
of our visit one of these spontaneous conflagrations took place, and continued to burn until after sunset. The heat arising from the 
flames was very great, and the sky was darkened by clouds of black smoke that arose above the lake, recalling the descriptions given of 
the Caspian “field of fire”. I learned that within a league and a half, in a southeasterly direction from the right bank of the Coachapa, 
a tributary of the Coatzacoalcos, there are six smaller lakes, clustered together within a space of 300 acres. (e) 


Other localities less remarkable were visited in the vicinity, and immense quantities of asphaltum are said to 
occur along the shores of the Gulf of Mexico above and below the mouth of the river. 


a Geological Survey of Canada, 1877~78, c. 24; John Milne, F. RK. 8., J. G. S. L., xxx, 738. 
b D. Honeyman, A. J. S. (3), i, 386. 

c Geol. Canada, 1862, pp. 788, 729. 

d Am. C., ii, 290. 

¢ Report on Petroleum in Mexico, by John McLeod Murphy, 1865. 
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THE WEST InDIES.—In 1837 Professor R. C. Taylor described a vein of solid bitumen that occurs at Casualidad, 
three leagues east of Havana, Cuba. He describes the mass as a wedge-shaped vein ‘filled with carbonaceous 
matter, as if injected from below”. He calls the substance coal, but shows that it is very unlike ordinary coal, 
both in its specific characteristics and in the mode of its occurrence, and says: 

In whatever way we may account for the origin of this remarkable coal deposit, we must be led to view it in some measure in 
connection with the petroleum which is found in the rocks of this region. The petroleum springs which rise from fissures in the Serpentine 


at Guanabacoa have been known for two centuries. Nearly contemporaneously with the discovery of the coal of Casualidad, it has been 


observed about midway between the cities of Matanzas and Havana, not far from the sea-coast. (a) 
* * * 


* * S x * 


The strike of the Casualidad vein is nearly north and south, conforming to the local range of stratification, although the general 
range is east and west, following the general direction of the island. At the outcrop the vein is scarcely a foot thick, but at the depth of 
30 feet it is enlarged to 9 feet, descending nearly vertically. Other positions in the neighborhood of the principal mine of this substance 
show its prevalence in the country. We have examined and reported upon some excavations two leagues from Hayana, on the road to 
Tapozte. (b) ° ; 


* * * * * # * 

Even in the bay of Havana the shore abounds with asphalt and bituminous shales in sufficient quantity for the paying of vessels, 
as a substitute for tar. It is stated that in buccaneering times signals used to be made by firing masses of this chapapote, whose dense 
columns of smoke could be recognized at great distances. It is matter of history that Havana was originally named by the early settlers 
*‘Carine”; ‘‘for there we careened our ships, and we pitched them with the natural tar, which we found lying in abundance upon the 
shores of this beautiful bay.” Petroleum leaks out in numberless places in this delightful island from amid the fissures of the 
Serpentine, and perhaps has deeply-seated sources. We are acquainted with abundant springs of petroleum between Holquin and Mayari 
in the eastern part of the istand, and we possess notices of others in the direction of Santiago de Cuba. In fact, the entire chain of the 
West India and Windward islands present similar phenomena of petroleum springs. (c) 

The reputation of Cuba asphaltum, or chapapote, is too well known to require comment, as it is exported from 
the island both to the United States and to Hurope. Petroleum has never been found there in such quantities as 
to be commercially important. 

Petroleum was reported as occurring in San Domingo by William M. Gabb, esq., who made a geological 
reconnaissance of the island in 1872. It occurs about three miles from Azua, in the southwestern part of the 
Dominican republic, on a stream called El] Agua Hediondo, or Stinking Water. An unsuccessful attempt was 
made to bore here in 186566. The product of the springs is a thick maltha, of a density of 224° Baumé = 0.945, 
which does not yield paraftiine. (d) 

The petroleum of Barbadoes was described in 1750 by Griffith Hughes, in a work entitled Natural History of 
the Island of Barbadoes. He says: 

The most remarkable fossils of bituminous kind is green tar. It is obtained by digging holes or a trench, and it rises on the water. 
It issues from hills, and is gathered in the months of January, February, and March, and serves to burn in lamps. Munjack is dug 
out of veins. It is stated that one of these veins was fired by a negro, who built a fire on a hillside to roast potatoes, and it continued 
to burn for five years. 

The heavy, dark-green or black petroleum was an article of commerce, under the title “‘ Barbadoes tar”, for 
many years prior to the introduction of petroleum for illuminating purposes. 

The Pitch lake of Trinidad is the most extensive known deposit of asphaltum. It was described by Dr. Nugent. — 
in 1811, (e) by G. P. Wall, esq., in 1860, (f/) and by Professor T. Rupert Jones in 1866. (g) The lake is about three 
miles in circumference, and is described as a mass of asphaltum, sloping to the northern sea-coast. - Although firm 
enough to bear a team of horses, it is still somewhat plastic, and appears to be in motion toward several points 
that act as vortices, as the trunks of trees disappear and after a time emerge at some distance from the point at 
which they sunk. Small lakes and streams of water abounding in fish are described as distributed over the surface, 
with numerous islands covered with tropical verdure. The asphaltum is exported from the island to the United 
States and Europe, where it is used for the preparation of roofing materials and in the preparation of mastic 
pavements. It does not yield paraffine on distillation, and has not, therefore, been proved valuable in the arts for 
the purposes to which albertite, grahamite, and other similar substances are applied. In 1857-58 an attempt was 
made to manufacture illuminating and other oils from the pitch, and Mr. William Atwood spent more than a year 
there superintending operations on the island; but that and all other attempts to use the material for such purposes 
have failed. It is, however, applied to other uses in the arts in enormous quantities, and the supply appears to be 
practically inexhaustible. 

‘‘ South of cape de la Brea is a submarine volcano, which occasionally boils up and discharges a quantity of 
petroleum. Another occurs on the east side of the island, which throws up on the shore masses of bitumen.” (/) 

SoutH AMERICA.—Humboldt mentions in his personal narrative the occurrence of petroleum springs in the 
bay of Cumana, where the oily fluid rises and spreads upon the surface of the sea.(i) Wall mentions the 
occurrence of asphaltum in the province of Maturin, on the mainland opposite Trinidad, and observes that other 
districts of the Llanos are generally affirmed to furnish it, although he did not examine them.(j) On the northern 
shores of the United States of Colombia and along the Magdalenariver asphaltum is reported in immense quantities. 








a Philosophical Magazine, x, 161-167. Gen Grron (lat; Oo. h Taylor’s Statistics of Coal, p. 584. 
b Taylor’s Statistics of Coal, p. 578. Qaida Ga Ses kViy 467. 4 Travels, Bohn’s ed., i, 198; ii, 113. 
e Ibid., page 579. g Ibid., xxii, 592. j Q.I.G.8., xvi, 467. : 


dE. Waller, Am. C., ii, 220. 
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Under date of August 10, 1880, Commercial Agent Plumacher, of Maracaibo, gives a very elaborate deseription 
of the petroleum deposits of Venezuela, from which I infer that the slopes of the Cordilleras that inclose the lake 
of Maracaibo abound in asphaltum, maltha, and petroleum. It is difficult, however, for one locally unacquainted 
to eliminate reliable details from the report. 

Petroleum is reported in Ecuador at Santa Elena, along the sea-shore, and Henry, in his Harly and Later History 
of Petrolewm, page 144, says: 

Pits from 10 to 12 feet deep are dug inte the sand till clay is reached, and, when the oil which oozes from all sides has filled them, 


it is dipped out. Near the wells are primitive furnaces, built with sun-dried clay, on which are open iron boilers. The bituminous matter 
is thrown into these vases and cooked until all the volatile products disappear and leave a thick pitch. 


A. well-known region in northern Peru near Payta, on the Pacific coast, is undoubtedly very rich in petroleum. 
The existence of this material was known in Peru before the conquest, as a mummy of date prior to that event in 
the Peabody Museum of Archeology of Harvard University has been prepared with it. The pitch was also used 
for coating earthenware on the inside, particularly liquor jars. 

Several wells have been bored here, one of which produced several hundred barrels daily, and it is claimed by 
those who are conducting the operations that flowing wells may be obtained with great certainty over an area many 
miles in extent. A refinery has been built at Callao, but the recent war between Peru and Chili has caused a 
suspension of operations. The Peruvian oil does not yield any paraffine, nor a considerable amount of naphtha. 

It is reported that in Bolivia the three principal springs of Cuaruzute, Plata, and Pignirainda form an oil 
stream 7 feet wide. (a) This wonderful story lacks confirmation. 

ENGLAND.—In reply to a letter of inquiry in relation to the occurrence of petroleum in England, E. W. Binney, 
F. R.8., the distinguished geologist, wrote, November 14, 1881, as follows: 

I am in receipt of yours, wherein you ask me if petroleum has been found in quantity in Great Britain. It was found about one 
hundred years since in making the Duke of Bridgewater’s tunnel at Worsley, at Wigan and West Leigh in the Lancashire coal-fields, at 
Coalbrookdale and Wellington in Shropshire, and Riddings in Derbyshire, two other coal-fields; also in a peat bog at Down Holland, 
near Ormskirk, in Lancashire, but none to my knowledge in commercial quantities. The greatest supply that I have ever seen has not 


been more than 50 gallons a day, and even that soon diminished. When I went down Mr. Oakes’ pit at Riddings in 1848 the petroleum 
came out of the black shale roof dripping, and not as aspring. The coal is a gas-coal in the lower part of the middle coal measures. 


In a paper read before the Manchester Geological Society, March 30, 1843, Mr. Binney, in company with Mr. 
John Hawkshead Talbot, described the manner in which the petroleum occurred at Down Holland moss, northwest 
of Liverpool, on the north bank of the Mersey, near its mouth: 


The whole of the moss is in cultivation either under the plow or in grass, and has been so for at least forty or fifty years, and all 
or the greater portion of it lies at a lower level than the high-water mark of the sea at Formby. On approaching the place where the 
peat containing petroleum occurs, from Down Holland, the authors soon became aware of its presence by an empyreumatic smell, 
resembling that yielded by Persian naphtha, and the water in the ditches was also coated with a thin film of an oily, iridescent fluid that 
floated upon its surface. In walking over some oat-stubble fields, and thrusting their heels through the black decomposed peat forming 
the soil, they felt a hard, pitchy mass, of 3 or 4 inches in thickness, which yields no smell unless it is burnt. On exposure to the 
atmosphere for a time the pitchy matter lost the greater part of its inflammability, and was finally converted into black mold. This 
substance also occurred under the roots of the grass in old sward fields, but it then yielded an odor similar to the petroleum that floated 
on the surface of the water, and pervaded the moist peat. (b) 


I remember to have once met a lady who spent her childhood in New Hampshire, where she recollected a peat 
bog presenting similar phenomena to that above described. 

Arthur Aiken, esq., in 1811, described the occurrence of petroleum in the great coal-field of Shropshire. He 
says the thirty-first and thirty-second strata are coarse-grained sandstone, entirely penetrated by petroleum; they 
are both together 154 feet thick, and have a bed of sandy slate clay about 4 feet thick interposed between them. 
These strata are interesting as furnishing the supply of petroleum that issues from the tar-spring at Coalport. (c) 
In 1836 it was still further described by Dr. Preistwich, who says: 

The well-known tar-spring at Coalport, which had its rise in one of the thick sandstones of the central series, formerly yielded 
nearly 1,000 gallons a week, but it now produces only a few gallons in the same time. In sinking a shaft at Priorslee the 20-yard rock 
was so charged with petroleum that the shaft was converted into a tar-well. It formerly yielded 2 or 3 gallonsa day. In a pit at the 
top of the same dingle petroleum exudes in so great abundance from every crevice in the “‘ little coal”, and from the shale forming the 


roof, that the colliers are obliged in the latter case to have large plates of iron suspended over them. More rarely petroleum is found 
in cavities of the Pennystone nodules. (d) 


Dr. Richard Bright described in 1811 a liassic limestone in the neighborhood of Bristol, containing ‘“ elaws of 
crustacee, corallines, and millions of the stalks of encrinites. They were first noticed by Mr. Miller surrounding 
calcareous concretions in the black rock, which are penetrated with petroleum. Petroleum sometimes exudes from 
the rock in small quantity”. (e) A correspondent ot Iron describes, in 1875, the occurrence of petroleum in a coal 





a Deutsche Industrie Zeitung, 1868, p. 400. 

b Papers read before the Manchester Geological Society in 1842-43, p. 17. 
e T. G. S. (1), i, 195. 

d T. G.S. (2), v, 438. 

e T. G. 8. (1), ii, 199. 
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pit at Longton, in North Staffordshire, the first discovery being made in a seam of coal that seemed to be saturated 
with it. Five or six tons a week are collected : a valuable addition to the output of coal. ‘The coal is used for the 
manufacture of illuminating gas, and is rich in hydrocarbons. (a) 

FRANCE AND SWITZERLAND.—There are three sections of France from which bitumen is reported. Petroleum 
floats on the water of springs, and the rocks in the neighborhood are saturated with bitumen at Saint-Boéz, Basse 
Pyrénées; (b) it has not been found anywhere, however, in the Pyrenees in quantities commercially valuable. In 
the hills that skirt the highlands of Auvergne, at Gabian, near Béziers, petroleum is reported. At Ardéche and 
Autun asphalt occurs, and in the neighborhood of Alais and at Bastenne asphaltic limestones are obtained and 
used in large quantities in the preparation of the asphaltic pavement so largely used in Paris and other French 
cities.(c) The third district isin Savoy, and extends into Switzerland. In the Val de Travers the celebrated 
bituminous limestones of Pyrmont and Seyssel occur in the department of Ain. This asphaltic stone is not 
stratified, but is crossed with fissures in all directions, and consists of cretaceous limestone, calcareous schists, and 
molass, the latter a sort of asphaltic breccia. The porous limestones are saturated with bitumen, and the siliceous 
pebbles and fragments of the molass are cemented with the same material, as has been repeatedly proved on 
comparison. The limestone is quarried and pulverized and is then heated, and while hot it is thoroughly mixed 
with asphalt extracted from the molass by repeated boiling in water. This asphalt rises to the surface of the water 
and is skimmed off. The mastic thus prepared is used in enormous quantities in Paris and other French cities. 
A similar material is reported from the Tyrol, in eastern Switzerland. 

GERMANY.—In Alsace, on the lower Rhine, at Schwabweiler, Pechelbronn, and Lobsan, petroleum has been 
obtained for many years and bas been employed for local uses, but it has never been introduced into commerce. 
Several wells have been drilled at different points, and a small yield of oil has been obtained in some of them, 
but the enterprises, on the whole, were not remunerative. Petroleum is also reported near Carlsruhe, in the grand 
duchy of Baden, but concerning it [ have no particulars. In Hanover, on the Liineburger heath, south of Hamburg 
and east of Bremen, the occurrence of petroleum has been known for at least a century. Since 1863 several 
attempts have been made to procure petroleum near Oberg by boring, and at different times, particularly within 
the last two years, the reports have been such as to encourage an expectation of a production rivaling that of 
Pennsylvania. 

In 1876 it was stated that at Oberg the source of the petroleum was supposed to lie at a depth of 700 or 800 
feet, and that it had been obtained at Edemissen and Oedessen by the re-establishment of mines having but a 
single shaft. In Kline Hidessen the sand is permeated with petroleum to such an extent that it is found on the 
water that collects in foot-tracks. At the village of Weitze, in the northern part of the district, is found an 
extensive stratum of sand of about 1,000 meters long, 600 meters broad, and 75 meters deep, which corresponds 
to 45,000,000 cubic meters, the upper strata of earth containing about 10 per cent. of petroleum. The owner of this 
tract, which has been penetrated to 125 feet, has often bored and obtained petroleum in a very primitive way through 
the gushing of oil from the sand. (d) 

In March, 1880, a company was organized in Bremen for the purpose of deep boring, with the expectation of 
obtaining at greater depths than had hitherto been penetrated a lighter variety of oil, that previously obtained 
from wells 220 feet deep having had a specific gravity of 28°, and commenced operations on the southern border 
of the Liineberger heath, at a point 25 miles east of Hanover, on the railroad to Brunswick. A refinery has 
been established at Peine, 20 miles from Hanover, and a pipe-line, has been laid from the wells. 

Mr. William C. Fox, United States consul at Brunswick, reports that traces of petroleum have been found in 
belts or spots commencing in the village of Klein Schoppenstate, in the duchy of Brunswick, and running west 
in a direct line for 40 miles to the village of Wietze, on the river Aller, a navigable tributary of the Weser. Two 
of these belts are at present known: the Oelheim, near Peine, and another 8 or 10 miles to the northwest. The 
former contains about 25,000 acres, and embraces the villages of Edemissen, Odessa, Windesse, and Steterdorf. 

At present, borings are confined to about 20 acres, and there are 12 pumping wells, yielding 1,250 barrels a 
week. A flowing well, struck last July, caused great excitement, the petroleum having a specific gravity of 0.888, 
and producing, when refined, about 40 per cent. of illuminating oil of very superior quality, 40 per cent. of lubricating 
oil, and 5 per cent of naphtha. (¢) For barreling, American barrels are preferred. While this field may be said 
to be one of the most promising fields, it cannot be said yet to promise any considerable competition with the 
fields of Pennsylvania. 

DENMARK AND SWEDEN.—-At Hille, near Heide, in Ditmarschen, over an immense bed of petroleum, there is 
a layer of light diluvial sand 20 feet deep, saturated with tar, which may be cut like cheese. There is also found. 
here an important bed of asphaltic limestone, similar to that of Seyssel. (/) 


a San Fran. Min. and Sci. Press, xxi, 184. d Archiv ftir Pharmacie, ccix, 461. 
b M. Thoré, L’année Sci. et Ind., 1872, p. 251. e Report, October, 1881. 
o §. P. Pratt, Q. J. G.S., ii, 80. Sf Dr. L. Meyn, J. 8. A., xxi, 12, 
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At Nullaberg, in the northwestern district of Wermland, west Sweden, metamorphic strata of gneiss and mica- 
schist have been observed. Bituminous matter is distributed everywhere throughout the whole mass of these 
strata, so as to be present even in the smallest fragment, giving them a black color closely resembling gunpowder. (a) 

ITaALy.—Petroleum wells have been dug and bored along the southern borders of the valley of the Po, in the 
provinces of Voghera, Piacenza, Parma, Modena, and others, and in the provinces of Chieti, east of Rome, on the 
Adriatic sea, and of Caserta, on the gulf of Tarentum. Small quantities of petroleum have been obtained in these 
localities for centuries; also in the province of Girgenti, on the island of Sicily. Asphalt occurs at Marsiconnova 
and in the valley of Pescara, and asphaltic schists or bituminous clay have been observed in many places in 
southern Italy. 

Professor Silvestri described, in 1877, paraffines and homologous hydrocarbons, which he obtained in lava about 
134 miles on a direct line from the great central cone of Htna.(b) The gas-springs of the Apennines have been 
many times noticed as of scientific interest, but have never been made of economic value. 

The petroleum interests of Italy have been for many years locally valuable, but do not promise to become of 
greater importance. 

DALMATIA AND ALBANIA.—On the island of Brazzo, on the coast of Dalmatia, and also at Ragusa, on the 
mainland south of Brazzo, extensive deposits of asphaltum are reported. This island is nearly opposite the valley 
of Pescara, on the Italian coast. 

Farther down the coast of the Adriatic lies the island of Zante, where a petroleum spring occurs in a marsh 
near Chieri that was mentioned by Herodotus in the fifth century before Christ. One well was drilled 500 English 
feet, and produced about half a hogshead daily, which progressively diminished; another was drilled later that 
at the same depth struck a black, hard, and fetid limestone; and another was at the side of the marsh, and struck 
oil at 70 feet, yielding 5,000 liters in seven hours. The latter afterward became completely sterile, and was 
abandoned, and borings made near the spring in 1865 were not successful. (¢) On the mainland east of Zante lies 
the coast of Albania. There, in the neighborhood of Selenitza, occur some of the most extensive and remarkable 
asphalt deposits in Europe. Strabo remarks that ‘‘in the country of the Apolloniates there is a place called 
Nympheum. It is a rock which emits fire, at the foot of which flows a spring of warm bitumen, which probably 
proceeds from liquefied bitumen, because on a neighboring hill there is a mine of bitumen, where, as related by 
Posidonius, the earth, from the excavations from which the bitumen has been exhausted, converts itself into that 
substance”. (d) 

Vetruvius also mentions the same springs, and says: “Around Dyrrachium and around Apollonia are springs 
which emit great quantities of pitch with water.”(e) Durazzo, in Albania, occupies the site of the ancient 
Dyrrachium, and the convent of Pollina is built upon the ruins of Apollonia, both of which are found near the 
emboucheur of the Vojutza (Aous of the ancients), about six hours to the northeast of Avlona. ‘It appears that 
the curious phenomena which these springs manifest to-day arrested the attention of the Greek and Roman 
naturalists, because they are mentioned in the works of Aristotle, Pliny, lian, and Dion Cassius.”(f) Setting aside 
some erroneous ideas, due to the ignorance of the ancients regarding natural phenomena, recent studies of the 
bituminous deposits of Epirus confirm in a remarkable manner the observations made by these early writers, and the 
testimony of more modern authors is less abundant and exact than that furnished by the ancient historians. Recently 
the bitumen from this section has been employed in Trieste, Naples, and Marseilles as a substitute for rosin in 
calking ships. 

Between Durazzo and Avlona the coast of Epirus is level, and consists of plains formed by the alluvium of the 
rivers Usoli Komobin (Senussus of the ancients), Beratino (Apsus), and Vojutza (Aous), which drain Albania 
throughout its length, and which have their sources in the high mountains of Macedonia. It is in the hills at the 
foot of these precipitous and almost inaccessible mountains that the deposits of asphalt occur in great variety of 
detail. M. Coquand, to whose elaborate article I am mainly indebted for the facts here stated, (g) regards the 
exploitation as very rude and of very great antiquity, probably extending from a period long prior to the Christian 
era to the present time, but destitute of any general system. This want of method, while compromising the future 
interests of the deposit, has opened it up at many points, and has admirably exhibited the manner in which the 
mineral lies in the formation. It is easy to perceive that it does not lie in regular beds or veins, but in irregular 
masses in the midst of sandstones and conglomerates, of the form of which no general description will give an idea, 
except that a sort of parallelism may be observed among them, and that each mass consists essentially of a central 
portion of considerable thickness, which gradually thins out in all directions to zero. In no case does the bitumen 
penetrate the roof above the mass, but was evidently injected from below. The following illustration (Fig. 2) shows 
at a glance a deposit that has furnished an enormous quantity of bitumen. A depth of 3 meters (9.84 feet) is not rare 








aL. J. Englestrom: The Geological Magazine, iv, 160. 

b Gazetta Chemica Italiana, vii, 1; B. D. C. G., 1877, 293; C. N., xxxv, 156. 

c Les Mondes, October, 1865. 

d B.S. G. F., xxv, 20. Translated from French rendering. \ 
e Ibid. 

f This passage and the others given above can be found in the original in Bul. Soc. Géo. de France, xxv, 20. 

g B.S. G. F., xxv, 20; 
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in the thickest places. The bitumen is almost always of very great purity, and generally consists of compact, very 
homogeneous masses, very black, brilliant, tarnished upon the surface, very friable, with a resinous fracture, softening 
by percussion or heat, and with a pronounced asphaltic odor. 

* The ancient workings have caved in, making their exploration no longer possible. It appears, to judge by 
tradition, and, above all, from the ancient workings, now overgrown with oaks many centuries old, that the 
exploitation reaches b: he to a time anterior to Strabo; because we read in that author that, following Bodoni 
the bituminous earth, which he calls ampelites, was a reneny against the worms that eat the vines, the worms by 
this means being destroyed before they had ascended the trunk to the young sprouts. This method appears to 
have been practiced until lately, and perhaps it is to-day, because the greater part of the bitumen of Albania was 
exported to Smyrna, where it was used for the preservation of vines, and more frequently for the calking of ships. 

Some of the springs of water rising from the formation containing the bitumen of Albania are accompanied 
with maltha, but in insignificant quantity. 

RouMANIA.—The Roumanian oil-fields lie in the northeast part of Wallachia and the southern part of Moldavia, 
in the valleys of the streams that drain the eastern slopes of the Siebenbiirgen. 

The Wallachian oil district lies on the southern slopes of the Transyivanian Alps, and is more extensive than 
that of Moldavia. The wells are from 6 to 12 miles north of Plojeschti, a station on the Roumanian railroad. In 
Bakoin the inhabitants use the inflammable gas which issues from the ground to cook their meals. The manner of 
obtaining the oil is very primitive, the wells being dug as for water, the landlord receiving a tenth of the net 
produce as rent. A part of the crude petroleum is refined at Sarati and Plojeschti, and part is sent by rail to 
Vienna, Pesth, and Odessa. 

The Moldavian petroleum fields occupy a triangle bounded by the rivers Taslen and Trotusch, not far from 
Adschud station, on the Roumanian railroud. The wells near Morneschti do not exceed 120 meters (394 feet); those 
near Salante and Comonesti 50 to 70 meters (164 feet to 230 feet) in depth. Like the Wallachian wells, they are 
worked in the most primitive manner, and the proprietors here receive as rent one-third of the gross produce. The 
cost of the petroleum at the well’s mouth does not exceed 4 francs per 100 kilograms (20 cents per 220 pounds). 

The Moldavian petroleum is darker than that of Galicia, and remains fluid at a temperature of 20° Celsius —4° F.(a) 

GALIcIA.—Petroleum is found in many localities on the Hungarian side of the Carpathians, but its exploitation 
is of little or no importance. In Galicia there are three principal localities that yield petroleum and ozokerite: 
the region around Sandecer, in west Galicia; that around Bobrka, near Dukla, in middle Galicia; and that around 
Boryslaw, in east Galicia, and Basco, on the confines of Moldavia. This region is said to be in general outline 400 
miles long by 40 miles wide. Although ozokerite is found associated with petroleum wherever it occurs in both 
Galicia and Roumania, its production is principally confined to the east Galician district, in the neighborhood of 
Boryslaw and Stanislow. Itappears from statistics that I have met with that the fields of east Galicia were at first 
much the most important; but while the total production of Galicia has decreased, the relative production of west 
Galicia has increased. The exploitation has been conducted in a very rude manner, largely by Polish Jews, who 
occupy that country, and all attempts at innovation by the introduction of meter both for boring and for 
refining, have been resisted with great pertinacity. 

The development of oil territory by shafts has been encouraged by the amount of ozokerite that almost 
everywhere accompanies the oil and that cannot be obtained by other methods of exploitation. Wells have been 
bored, however, which in some instances have been productive and in many others have failed. The great importance 
of the ozokerite industry, which will be referred to in detail in a subsequent chapter, will prevent the complete 
substitution of borings for shafts. 

RusstA.—Petroleum is reported to have been observed in northern Russia, in the province of Archangel, on a 
streamlet that runs into the river Betchora; also at “some NEES from Oecbee ”, on the Ural river, Hitt the 
exact locality was not given. 

In official reports the Russian petroleum fields are divided as follows: 

Government of Tiflis —Mirsanski, Schirorski, Eldarski. 

Government of Baku.—Bakinski, Derbentski, Kaitags-Tabarsaranski. 

Kuban district.—Kady genski, Kudako. 

Terek district—Gronenski, Maisha-Kajevski, Karabulakaki, Brajimavski, Benojevski. 

Daghestan.—Berikaki, Djernikentaki, Naflutanski, Bashlinski, Tupsu-Kutanski, Ghiak-Salgavy, Kukinski, 
Napkutanski. 

A reference to map I will show that these districts are embraced in a triangle, the apex of which is at ie mouth 
of the Kouban river, near the entrance to the sea of Azof, extending eastward to the Caspian sea, and embracing 
that portion of its western coast lying between the mouths of the rivers Terek and Kura, and eiraces the flanks 
of the Caucasus and the valleys of the principal rivers that drain them. There are also indications of petroleum 
across the Crimea that have attracted some attention. 

The Kouban oil-fields proper begin at Taman, situated on the strait which connects the Black sea with the sea 
of Azof, and extends along the foot-hills of the western extremity of the Caucasus mountains to the river Balah, a 
distance of about 250 miles. 


a Dr. H.E. Ginth, Oester, Monatschrift f. d. Orient, 1878; John Fretwell, jr., J. 8S. A., xxvi, 481. 
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The Apscheron oil-field as at present worked lies within a radius of 20 miles of the city of Baku; but the larger 
portion of the oil has been obtained at Balachany, 12 miles north of Baku, where naphtha has been produced from the 
most ancient times, and from Sabonutchi, which was explored in 1873. This first part contains (1880) forty-seven 
wells, of which twenty-eight are productive, yielding 6,192,000 pounds daily of an average specific gravity of 0.8675, 
while the second part yields 6,622,000 pounds per day of the specific gravity of from 0.820 to 0.860. The specific 
gravity is very variable in the same well, and in general diminishes with the depth, being greatest near the surface, 
from loss of gas. The light oil contains volatile products of a specific gravity of 0.62, of which no use is made. The 
illuminating oil varies from 15 to 85 per cent., the average being between 35 and 40 per cent.(a) On the outskirts of 
the field a colorless oil is obtained that can be burned without refining. This oil soon thickens and becomes asphalt. 

The oil seems to lie in a sort of quicksand, irregularly interstratified with clay, as fine, loose sand rises with the 
oil and collects around the wells so that it has to be shoveled away. This oil has been known tv spout from an 8-inch 
hole from 50 to 60 feet high; yet there is no regular stratum of sand yielding the oil, and no particular depth at 
which it may be struck. One well in the Kouban yielded oil of 46° at from 8 to 10 feet in depth. This oil does not 
contain paraffine. 

The Bebeabat field is below Baku on the coast of the Caspian sea, and produces oil resembling that of Baku; 
but it deteriorates by keeping, and is often run up on a salt lake near by and set on fire. On the island of Tchillekin, 
or Naphtha island, on the eastern shore of the Caspian sea, a well was drilled which produced a small quantity of oil 
of a better quality than that of Baku, and one well at about 140 feet yielded oil, and at 200 feet yielded hot water. 
Ozokerite and “living earth”, which is a mixture of soft asphalt and pulverized shells, abounds along this shore. (b) 

The Caspian sea is dotted with numerous islands, which produce yearly a large quantity of naphtha (petroleum), 
and it has been no uncommon occurrence for fires to break out in the works and burn for many days before they 
could be extinguished. In July, 1869, owing to some subterranean disturbances, enormous quantities of petroleum 
were projected from the wells and spread over the entire surface of the water, and, becoming ignited, notwithstanding 
every precaution, converted the sea into the semblance of a gigantic flaming punch-bowl many thousands of square 
miles in extent; but the fire burnt itself out in about forty-eight hours, leaving the surface of the water strewed with 
the dead bodies of innumerable fishes. Herodotus mentions a tradition that the same phenomenon was once before 
observed by the tribes inhabiting the shores of the Caspian sea. 

There is practically no limit to the amount of oil to be obtained at Baku, but with the exception of the Caucaso- 
Carpathian region the petroleum production of Europe is only of local importance. The production of maltha is 
insignificant, but the deposits of asphaltum and asphaltic limestone are of great and increasing importance. No 
region except the Caucasus has made any approach to rivalry in European markets with the petroleum products of 
the United States. 

ASIA MInorR.—Many of the localities furnishing bitumen in Asia are extremely difficult to locate with exactness; 
but gas-springs are said to occur on the coast of Karamania, (c) which is that portion of Asia Minor bordering the 
northeast portion of the Mediterranean sea. Bitumen is also reported in Armenia near lake Baikal, and in southern 
Siberia near Derabund; (d) asphaltum near Iskardo (e) and near Cashmere; petroleum in Assam (f/) and Pegu; (g) also 
near Kohat. (hk) Gas-springs accompanying mud volcanoes are also reported in Kerman. (?) The authorities for 
these localities are nearly all to be found in works published in India, to which I have not had access. 

‘¢The asphalt of the Dead sea and its vicinity has been noticed by Strabo and other ancient writers, and many 
conjectures have been made by both ancient and modern authors respecting its origin. It seems to be a well- 
established fact that the asphalt rises in such large masses during or after earthquakes as to remind one of islands 
floating on the sea. While this asphalt, having a density of 1.1040, floats on the water of the Dead sea, which has a 
density of 1.1162, it would sink in the water of the ocean. The rocks in the neighborhood of the sea are often 
bituminous cretaceous limestones, containing a large quantity of asphaltic material. This is particularly to be 
observed in several of the ravines that border it, where the dolomitic limestones are highly charged with bitumen, 
and, being broken up and carried down into the sea by the winter torrents, the bitumen becomes disengaged, and 
is cast upon the shore.” (j) 

In one of these ravines, on the eastern borders of the sea, M. Lartet describes pebbles of silex cemented into a 
pudding-stone by bitumen and stalactites of asphalt produced by the liquid bitumen slowly dripping from the 
bituminous cretaceous limestones. This, too, is washed into the sea and cast on shore. The amount received by the 
sea in this manner, however, is not sufficient to account for the islands of bitumen seen floating on the surfact. (*) 

On the western border of the valley of the Jordan similar deposits occur at the same level, and in many 
localities throughout Judea and Arabia Petra from immemorial periods asphalt and maltha (slime) have been 
obtained from springs and shallow pits. 





a M. Goulichambaroffwwour. Rus. Phys. and Chem. Soc., xii, 5; Nature, xxiii, 42. f Report Geo. Surv. of India, I, pt. 2, p. 55. 
b Communication from J. R. Adams, of Oil City, Pennsylvania to 8. F.  g Lt. Duff: Peguoil gas. Jour. As. Soc. Bengal, 1861. 


Peckham. h E. Thornton: Oil-spring near Kohat, Gazetteer of India, 1862. 
ec Beaufort : Survey of the Coast of Karamania, 1820. i H. Pottinger: Petroleum of Kerman, 1840, 
dG. T. Vigne: Rock Ow, near Derabund, Kabul 1842. j Lartet, B.S, G, F., xxiv, 12. 


eG. T. Vigne: Travels in Kashmir and Little Thibet, 1842. k Ibid. 
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Deposits of bitumen have been described as occurring near Zaho, in Kurdistan, 440 miles above Bagdad, on 
the Tigris. From the description I should conclude that this material is asphaltum. It was used successfully in 
1874~75 on the steamer Mosul for making steam, and also for the manufacture of gas. Several other outcrops of 
bitumen occur nearer Bagdad, and liquid petroleum occurs at many points upon the road from Ribamich to Bagdad, 
and also between Bagdad and Mosul, in the valley of the Tigris. (a) 

PERSIA.—Persia abounds in bitumen springs, which have been noticed and described by travelers and 
historians from Herodotus to the present time. One of the most noted springs of water yielding bitumen is situated 
five German miles from Suza, at Ardericca. Others are located on the plateau of Iran, near Durr, in the valley of 
of Jerabi, and also at Chusistan, not far from a volcano that was active in the second century. The bitumen wells 
Kerkuk or Tuzkurmati, four days’ march southward from Arbela, are also celebrated. They may be known at a 
great distance through their odor, their sulphur vapor producing headache, on which account they are unendurable 
in summer time. Other localities of minor importance in the mountains that separate Persia from Kurdistan and 
the valley of the Tigris are mentioned. The naphtha springs of Van Kalesi were inclosed in the walls of a castle, 
where they flowed from a niche. Another castle is described as belonging to Sassanite times, situated upon a crag 
above a naphtha spring that was arched over with great blocks of freestone—perhaps from very ancient times. 

Bitumen in its various forms has been used in the valley of the Euphrates and adjoining regions from the 
earliest times. (b) 

HiInpDostTan.—Natural gas furnishes the material burned in a number of Hindoo temples in Thibet and northern 
India. Petroleum wells are reported in Cashmere and Thibet, but I have been unable to learn anything concerning 
their exact localities. A locality occurs in the Punjab that has attracted some attention, but it has not yet been 
proved to be of importance. It lies in the corner between Cashmere and Cabul, and is nearly 100 miles by 90 in 
extent, being mostly between the Indus and Jhelum, in what is called the Sind Sagur Doab (two rivers), and is 
mainly in the mountainous or hilly part (Kohistan) of the Doab. The oil-springs are in the northern slopes of the 
Salt range that lie upon the southern border of this region, or in the Choor hills that lie upon its northern border. 
Oil, maltha, and asphaltum occur at these springs. Borings have been made at Gunda, and yielded at first 50 
gallons a day, which gradually decreased. This oil is dark-green in color, is of a specific gravity of 25° Baumé, and 
has been used by the natives for burning with a simple wick, resting on the side of an open dish. (¢) 

BuRMAH.—In a letter from Rev. J. N. Cushing, dated Toungoo, September 14, 1881, appears the following in 
relation to the wells in this country: 

There are only two places in all Burmah where petroleum is produced to any extent, viz: Arracan and Yenangyoung, in upper Burmah. 
The production of the wells in Arracan is very small. Within a few years a company has been formed to work them as an experiment, 
but I have never seen any statement of the results, and think they must be inconsiderable. Yenangyoung (Earth-oil river) is a large 
town on the Irrawaddy about 400 miles north of Rangoon, and the oil-wells lie about 3 miles east of the town, among some low and very 
barren hills, the chief vegetation of the unproductive soil being several varieties of cactus. There seemed to be a good deal of light, soft, 
sandstone, through which here and there ran layers of a dark rock resembling granite. The roads were in some places worn into the hills 
to a depth of 10 feet, the fierce torrents formed during the rain washing out all loose soil. 

When I visited the wells they were about 200 in number, although some were not yielding oil. . These were upon ground as highly 
elevated as any, and occupied an area of about 100 acres. They were of various depths, the deepest being about 160 cubits (240 feet). I 
do not think that the number of wells has greatly increased since my visit, for before that petroleum had been found only in that locality, 
although search had been made for it in adjacent localities. What might be found by the skilled labor of the far West using the scientific 
knowledge which gives it success I do not dare to say. 

CuinAa.—There do not appear to be any wells in China that are made for the purpose of procuring petroleum ; 
-but from the communications made by M. Imbert to the French Academy, and also by L’Abbé Hue, it appears that 
petroleum is obtained in wells bored for salt, as it often is in this country, and that the oil is often accompanied by 
inflammable gas. The Chinese call the latter Ho-tsing (fire-wells), and use the gas for a variety of purposes, such 
as boiling brine and for domestic fuel, the gas being conveyed long distances in bamboo tubes, terminating in a 
clay or porcelain burner. In his Travels in the Chinese Empire, chapter vii, L’Abbé Huc says: 

When a salt-well has been dug to the depth of a thousand feet, a bituminous oil is found in it that burns in water. Sometimes as 
many as four or five jars of 100 pounds each are collected ina day. This oil is very fetid, but it is made use of to light the sheds in which 
are the wells and caldrons of salt. The mandarins, by order of the prince, sometimes buy thousands of jars of it, in order to calcine 
rocks under water that render navigation perilous. 

Specimens of this petroleum sent to France were submitted to a committee of the French Academy for 
examination. (d) 

The wells are described by L’Abbé Hue as occurring in the province of Sse-tchouen, which is the largest 
province of China, and borders upon Thibet. Petroleum is also reported from the northern province of Shansi. 





.a@ L. Mongel: Ann. des Mines (7), vii, 85; Proc. Inst. of Civil Engineers, 1875, p. 307. 
b Ritter’s Lrdkunde, ix, 147, 177, 519, 555; xi, 191; x, 142. 
ec B. S. Lyman, Trans. Am. Phil. Soc., xv, 1. 
d Comptes-Rendus, xxii, 667. 
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JAPAN.—The petroleum fields of Japan lie in the southern part of Yesso and the northwestern part of Niphon, 
and have already been noticed in chapter I, page 17. 

JAVA.—Mineral oils are found in many of the islands of the Indian archipelago, and are there known under the 
name of Minjak Lantoeng at Java, or Minjak Linji at Sumatra; and as they are much used by the natives, they 
are regularly collected and sold in the markets of the principal villages and towns. The localities where these 
oils rise spontaneously in natural fissures or artificial excavations are ordinarily surrounded by warm or saline 
mineral springs. 

A specimen of oil from Palantoengan, in the residency of Samarang, has the consistency of tar and a density 
of 0.955 at 169 C. A specimen from Tjiakijana, in the district of Porbolingo, in the residency of Banjoemas, is as 
liquid as water, with a deep green color by reflection, and has a density of 0.804 at 16°C. Spontaneous evaporation 
produces a mass of the consistency of yellow butter; distillation yields 40 per cent. of paraffine. (a) 

Von Baumhauer, the distinguished chemist, examined and reported upon six specimens of petroleum from as 
many different localities in the Dutch East Indies: from Amdénchay, in Borneo; Bodjoinegoro, in Rembang; 
Madjalengka, in Cheribon; in Soerabaga; Lematang-Ilir, in Palembang, Sumatra; and Iliran and Banjoesin. His 
examination shows that the petroleums of Rembang and Cheribon are of very excellent quality, while the others 
are of a viscous consistency. He remarks that petroleum in this region is very abundant, and is easily obtained 
at a depth of 250 meters (820 feet), and recommends boring, considering the oil as of great importance to the 
country. (0). : 

AUSTRALIA.—Petroleum is reported as occurring in Australia and New South Wales, and crude paraffine near 
Gisborne, in New Zealand. 

AFRIcA.—Petroleum is reported from Egypt, as examined by Frederick Weil, with a density of 0.953, but on 
distillation it did not yield naphtha or illuminating oil with a density of 0.800. It was considered a superior 
lubricator, and is especially adapted to heating marine boilers and in the manufacture of gas. (¢) It is also reported 
as having been discovered in Algeria, in the Dahra-oraisaic, the region occupied by the tribe of Beni-Zarouel, in 
that part of the chain that overlooks the plain of Chiliff. A spring of glutinous petroleum here indicates a 
suitable place for exploitation, the product having the ordinary properties of maltha. (d) A more complete 
examination of Africa will doubtless reveal other localities which yield bitumen. 

An examination of map I will show that bitumen occurs on the American continent along a line extending 
from Point Gaspé, in Canada, to Nashville, Tennessee, and in Europe-Asia along a line extending from Hanover, 
on the North sea, through Galicia, the Caucasus, and the Punjab. These are the principal lines. In America it 
also occurs on the Pacific coast from the bay of San Francisco to San Diego; again from northern Nebraska to the 
mouth of the Sabine river, on the Gulf of Mexico; again from Havana near the western end of Cuba, through San 
Domingo and the circle of the Leeward and Windward islands, to Trinidad; thence westward on the mainland to the 
Magdalena river, and southward from that point to cape Blanco, in Peru. In Europe-Asia bitumen occurs on the 
lower Rhine and in the valley of the Rhone; from northern Italy, following the Apennines, to southern Sicily; along 
the eastern shores of the Adriatic, through Dalmatia and Albania, into Epirus; again along the depression in which 
lies the Jordan and the Dead sea; again along the mountains that border the valley of the Tigris in the east ; 
again from western China through Burmah, Pegu, Assam, Sumatra, and Java; and lastly in Japan. It will be 
observed that these lines are for the most part intimately connected with the principal mountain chains of the 
world. 








a Bleekrode, Rep. de Chem. Appl.; C. N., v, 158; Le Technologiste, xxiii, 402. 
b Arch. Neerland, iv, 299; Mon. Sci., 1870, p. 53; W. B., 1878. 

c Mon. Sci. 1877, p. 295. 

d Les Mondes, xxxvi, 318. 
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CHAPTER II1.—THE GEOLOGICAL OCCURRENCE OF BITUMENS. 


SECTION I1—GENERAL CONSIDERATIONS. 


The relation of geology to the occurrence of bitumens has been very liberally discussed during the last half 
century. In attempting to review the literature of this subject one is impressed with the fact that for the most 
part the opinions expressed may be said to be provincial, inasmuch as they are based on observations made over a 
comparatively limited area, and from these limited observations generalizations are often made to include all of the 
varied conditions under which bitumen occurs in different parts of the world. My intention has been to compile 
this chapter from the papers of professional geologists who have directed their attention to the subject, and it is while 
attempting this work that the provincial character of the materials that I have to compile and the great lack of 
uniformity of opinions among eminent geologists who have written upon the subject have been most forcibly 
impressed upon me. Again, when comparing the earlier and the later authors, there is a lack of uniformity in 
nomenclature that renders the task of one seeking information extremely difficult. Deposits of bitumen in different 
parts of the world have been described by persons whose knowledge of geology is often of an extremely elementary 
character, yet almost every author who has mentioned a tar or petroleum spring endeavors to inform his readers 
respecting the age of the rocks from which it issues and discusses the origin of bitumens. 

A clearer comprehension of the geological occurrence of petroleum can be had without particular reference 
to the political divisions of the earth’s surface, and I shall therefore consider the subject only with reference to 
geological sequence. It has been frequently remarked that petroleum occurs in all geological formations from the 
Silurian up to the Tertiary, and while this is true as a general statement, it is misleading, for bitumen is not 
uniformly distributed through all formations, but occurs principally in two epochs of geological history, the Silurian 
and the lower half of the Tertiary. The vast accumulations along the principal axis of occurrence in the western 
hemisphere are found in Silurian and Devonian rocks; but the most productive axis in the eastern hemisphere lies 
in the Eocene of the Carpathians and the Caucasus. An examination of the geographical occurrence of bitumen 
east of the Mississippi river shows that it has been reported from localities which describe an ellipse upon the border 
of the Cincinnati anticlinal, which is really an elevation of Silurian rocks extending from central Kentucky to lake 
Erie, with Cincinnati nearly in its center, and sloping beneath the newer formations in all directions. Starting with 
Great Manitoulin island on the north, petroleum is reported at Port Huron, Michigan; Chicago, Illinois; Terre 
Haute, and in Crawford county, Indiana; Henderson, Cloverport, Bowling Green, and Glasgow, Kentucky; and in 
the region around Nashville, Tennessee, extending southeast to Chattanooga, where the Silurian rocks again reach 
the surface. Turning northward, the line extends almost unbroken from Burksville through the eastern counties 
of Kentucky into Ohio and West Virginia, and into Pennsylvania and New York, but how far has not yet been 
determined. The ellipse is completed by the petroleum fields of Canada. A portion of this territory is covered 
with the carboniferous formation, beneath and within which petroleum has often been found. 

At Great Manitoulin island petroleum was obtained in the Trenton limestone. At Chicago and at Terre 
Haute the drill penetrated the Niagara limestone before reaching oil. The failure of the wells to reach oil in 
southern Indiana is attributed by Professor E. T. Cox to the fact that they were abandoned before they reached 
the corniferous and the Niagara limestones. (a) Professor Shaler appears to regard the great Devonian black shale 
as the source of the oil of Kentucky.(b) The oil in that state is found saturating sandstone at Glasgow, and in 
crevices at Burksville and other points on the Cumberland, in many instances, as I am informed by those who 
reside in that vicinity and are familiar with the subject, beneath the black shale. In the neighborhood of 
Nashville, where the Lower Silurian rocks reach the surface, petroleum occurs within geodes that are inclosed 
within the solid mass of the blue limestone under such circumstances as to admit of no question as to whether the oil 
originated in the rock where found. As the occurrence of petroleum is studied in localities lying northeast of 
Nashville, the present location of the oil is found to be in rocks that lie in a continually ascending series. Around 
Burksville it is found in crevices, in a so-called marble in the Upper Silurian, immediately beneath the Devonian 
black slates. Further north it lies in the Devonian and subcarboniferous sandstones, and is held in the region in 
Johnson county partly in rocks that are now above the drainage level of the country. (¢) In Professor J. P. Lesley’s 
elaborate report upon this region he says: ‘A conglomerate age or horizon of petroleum exists; this is the main 
point to be stated.” (d) 

Leaving Kentucky and entering Ohio, we find the so-called oil break of West Virginia and Ohio furnishing 
petroleum in sandstones that lie within the coal measures. Still further to the northeast, in Pennsylvania and New 
York, the oil sands are all found beneath the coal measures in the Upper Devonian, and in Canada they again 
descend to the Lower Devonian. 


re ee es 


a Geological Survey of Indiana, 1872, p. 139. b Geological Survey of Kentucky, N.S., iii, 107. c¢ Lesley, P. A. P. S., x, 33. d Ibid. 
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At Belden, Ohio, the oil is found in crevices in the Berea grit which covers a wide expanse of country in 
Lorain and Medina counties. 

At Mecca, in the neighborhood of Power’s Corners, the oil saturates the Berea grit, which lies within 80 to 100 
feet from the surface. Water is pumped from the wells, bringing the oil with it. These wells are often used for 
water at the same time that they yield petroleum. 

The geology of the trans-Mississippi localities producing petroleum has never been studied in any comprehensive 
or satisfactory manner. Professor G. C. Swallow says the petroleum of western Missouri and eastern Kansas comes 
from the coal measures, the well in La Fayette county, Missouri, passing through ‘sandstone, shale, coal, and 
limestone”, and Professor Aughey reports the oil in the well at Ponca, Dixon county, Nebraska, as coming at a 
depth of 570 feet from the Lower Carboniferous. ‘The boring passed through the Cretaceous (Dakota) group, then 
through the Upper Carboniferous into the Lower Carboniferous, and obtained only a very small quantity of oil.” 
Mr. 8S. F. Emmons says: “It (petroleum) exists in the Cretaceous rocks which extend along the eastern slope of the 
Rocky mountains from British Columbia to Mexico, and in many of the interior valleys.” The outcrops mentioned 
in the last chapter as occurring in Wyoming and Colorado arise probably from the Cretaceous. 1 have no information 
respecting the geology of the outcrops in Texas. 

The bitumen of the Pacific slope of Mexico, the West Indies, and South America is doubtless Tertiary Miocene 
in California and Eocene in Trinidad. In England the small quantity of petroleum that has been observed has 
sprung from the coal measures. In the valley of the Rhone and Savoy the bitumen is in Jurassic limestones. 
The bitumen of the Apennines, of Dalmatia and Albania, issues from rocks that are Eocene; also that of Roumania, 
Galicia, and the Caucasus. But little is known respecting the geology of the bitumen of Syria, Judea, and Persia. 
The Punjab is Eocene, and the little that is known of the deposits yielding petroleum in Burmah and the Hast 
India islands indicates that they are of the same age. 

From these statements it will be seen that there is a vast area in the valley of the Mississippi, estimated at 
200,000 square miles, over which petroleum has been obtained, the formations of which are nowhere newer than the 
coal measures. Another vast area, extending from California through Mexico to Peru, and including the West 
India islands, yields petroleum from Tertiary rocks, while on the eastern continent a belt of country extends from 
the North sea to Java, the bitumen-bearing rocks of which, so far as is known, are Tertiary. I shall have occasion 
to refer to many of the details of these localities in the fifth chapter. At present the bulk of the petroleum produced 
issues from rocks older than the Carboniferous, while the formations in by far the greater number of localities yielding 
bitumen are of Eocene age. 


Section 2.—THE GEOLOGICAL OCCURRENCE OF PETROLEUM IN EASTERN NORTH AMERICA. 


The geological occurrence of petroleum in the United States has been discussed with reference to whether it has 
all primarily issued from the Silurian limestones and has accumulated in the crowns of anticlinals. This view has 
been forcibly argued by Professor T. Sterry Hunt, of Montreal. The question has also been discussed with reference 
to whether petroleum, having originated in deep-seated strata, has not collected in crevices which have resulted from 
faulting and movement of the overlying strata. The late Professor KE. B. Andrews was perhaps the leading exponent 
of this view. Again, it has been urged that the oil, having originated in the lower rocks of deeply-seated strata, is 
held neither in crevices nor beneath the crowns of anticlinals but by capillary attraction in the interstices and 
cracks of porous sandstone. This view has been advocated by Professor J. P. Lesley. Dr. Hunt observed: in 
Canada, Professor Andrews in West Virginia, and Professor Lesley in Pennsylvania and Kentucky, and from a 
careful examination of the facts to be observed in a summer’s trip through the oil region from Olean, New York, to 
Nashville, Tennessee, and also from a careful collation of statements made by many oil producers and others, I 
conclude that each of these gentlemen is correct as regards his own locality. There is no question but that 
petroleum has originated in the Silurian rocks, and that the finding of oil in the Niagara limestone at Chicago and 
at Terre Haute was a strong confirmation of the opinions expressed by Dr. Hunt in his famous essay on the history 
of rock-oil, when he says, referring to a previous paper reported in the Montreal Gazette : 


I asserted that the source of the petroleum was to be sought in the bituminous Devonian and Silurian limestones. Beside the 
corniferous limestones (Devonian), we have shown that both the Niagara and Trenton (of Upper and Lower Silurian age) contain 


petroleum. (a) 

There is no question that petroleum occurs in West Virginia along an anticlinal, as has been advocated by 
Professor Andrews. The hypothesis that petroleum occurs in huge fissures or cavities which have been represented 
by sections, in which water, oil, and gas are arranged according to their specific gravities, has not been sustained 
by later and more careful study of the subject. It is beyond question that the oil of Pennsylvania does not occur 
beneath anticlinals, nor in crevices, nor is it anywhere near the Silurian limestones; yet there is no doubt that at 


Gaspé and in Ontario the springs of petroleum occur along the crests of gentle anticlinals, as.so carefully described 
by Dr. Hunt. 








a C.N., vi, 5,16, 35; C. Nat. (1), vi, 245; A. J. Ph. (3), x, 527. 
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In 1867 Professor C. H. Hitchcock contributed an article to The Geological Magazine, which has been very 
widely quoted, particularly as to the conclusions therein reached. These conclusions appear to have been obtained 
from a collation of the writings of Professors Hunt, Andrews, and Lesley ;(a) and an address given by Dr. Hunt at 
a meeting of the Société Geologique de France, in which he made a general application of his views, based on his 
Canadian experience, to the occurrence of petroleum in the United States, appears to have been very widely quoted 
in Europe. ()) 

In the article above mentioned Professor Hitchcock enumerates fourteen different formations from which 
petroleum has been obtained in North America (exclusive of the West Indies), and generally in commercial 
quantities. These are: 

a. Pliocene (c) Tertiary of California. This has been known for a century. 

b. Cretaceous in Colorado and Utah, near lignite beds. Not yet explored. 

e. Trias of North Carolina and Connecticut, in small amounts. (d) 

d. Near the top of the Carboniferous rocks in West Virginia. Most of the producing wells of this state are from this horizon. 

e. Shallow wells near Wheeling, West Virginia, and Athens, Ohio, not far from the Pittsburgh coal. 

f. Four hundred and twenty-five feet lower, near the Pomeroy coal-beds. 

g. At the base of the coal measures, in conglomerates or millstone grit. 

kh. Small wells in the Archimedes limestone (Lower Carboniferous) of Kentucky. 

i. Chemung and Portage groups—certainly three different levels—in western Pennsylvania and northern Ohio. 

j. Black slate of Ohio, Kentucky, and Tennessee, or the representatives of the New York formation from the Genesee to the Marcellus 
s. This is near the middle of the Devonian. 

k. Corniferous limestone and the overlying Hamilton group in Canada West, extending to Michigan. This is largely productive. 

l. Lower Helderberg limestone at Gaspé, Canada East. This is Upper Silurian. 

m. Niagara limestone near Chicago, and awaits development. (e) 4 

n. In the equivalents of the Lorraine and Utica slate and Trenton limestone of the Lower Silurian in Kentucky and Tennessee. One 
well in Kentucky in these rocks was estimated to have yielded 50,600 barrels. (f) 


Developments since 1867 have added little, if anything, to the above as a general statement. With particular 
reference to the three localities in Canada, Pennsylvania, and West Virginia, which practically yield the petroleum 
product of North America, I shall endeavor to show the manner in which nature has stored and yields such vast 
accfimulations of material, and to present the ascertained facts without bias for any theory. Dr. Hunt has been a 
frequent contributor to the literature of this subject during the last twenty vears, and from his articles in the 
American Journal of Science for March, 1863, (g) and November, 1868, (h) I make the following extracts, which 
embody his views upon the geological occurrence of petroleum in Canada: 


The natural oil-springs which occur in various parts of western Canada are upon the outcrop of the corniferous limestone or of 
the overlying Hamilton shales, and are along the line of a broad and low anticlinal, which runs nearly east and west through the district. 
In the township of Dercham, where small quantities of oil rise to the surface in several places, the corniferous formation is overlaid by 
about 40 feet of clay and sand, after sinking through which the limestone was bored to the depth of 36 feet. From this opening a few 
barrels of petroleum were obtained. Oil-springs abound for several miles along the Thames about 60 miles to the westward of Dercham, 
and borings into the limestone beneath have furnished considerable quantities of oil, although not sufficient, perhaps, to be of great 
economic importance. The principal oil-wells of Canada occur in Enniskillen, about 20 miles to the northward of the last. Here 
numerous oil-springs are found, and the thickened petroleum, mixed with earthy and vegetable matters, forms layers of considerable 
extent at the surface of the ground and around the roots of growing forest trees. Two of these layers have together an area of more than 
two acres, and a thickness which varies from a few inches to 2 feet. They are locally known as gum beds. In sinking a well in the 
vicinity of an oil-spring in this region there was found beneath a depth of 10 feet of clay and reposing upon 4 feet of gravel a layer of 
bituminous matter like that just described from 2 to 4 inches in thickness. It is easily separable into thin lamine, which are so soft as to 
be flexible, and show upon their surfaces the remains of leaves and of insects which have become imbedded during the slow accumulation 
and solidification of the bitumen. This little deposit, which is mingled with a considerable proportion of earthy matter, is instructive as 
showing the manner in which beds ef bituminous rock may sometimes be produced from previously-formed sources of petroleum. 

The corniferous limestone in Enniskillen is overlaid by about 200 feet of marls and soft shales, abounding in the characteristic fossils 
of the Hamilton formation. To this succeed from 40 to 60 feet of Quaternary clays and sands of fresh-water origin, through which the 
scanty natural oil-springs rise. On sinking wells there is generally found reposing immediately upon the shales a layer of coarse gravel 
holding large quantities of petroleum, which is the oil of the so-called surface wells,and has accumulated beneath the clays. It is 
darker and thicker than that obtained directly from the rock below, on boring which fissures orseams are met with, from which petroleum 
issues in abundance, and often with great force, sometimes attaining the surface and often rising above it, constituting the flowing wells. 
These oil-bearing veins are met with at depths varying from 40 to 100 and 200 feet in the rock, and in borings near together the oil, 
is often met with at very unequal depths. Adjacent borings sometimes appear to be connected with the same vein and to affect each 
other’s supply. The deepest well in this region was estimated to yield, when first opened, 2,000 gallons in twenty-four hours, and, at 
present, where it is allowed to flow for some time, the supply in many of the neighboring shallower wells is found to fail. The facts 
observed in this region seem to show that these veins are fissures running obliquely downward to the great reservoir of petroleum, which 
is probably in the underlying corniferous limestone. The oil-wells in this township are confined to two districts, the more abundant one 
being about 6 miles south of the other. From the results of an unsuccessful boring made on an intermediate point, it appears that these 
two districts are on two slight anticlinals subordinate to the great axis already mentioned. This anticlinal structure appears to be a 
necessary condition of the occurrence of abundant oil-wells; the petroleum, being lighter than water, accumulates in porous strata, or in 
fissures in the higher part of the anticlinal, and, in obedience to a hydrostratic law, rises through openings to heights considerably above 


slate 





Ges Ns: Gyo; 16,130» C. Nat. (1), 6, 245; A. J. Ph. (3), 10, 527. e Since shown in Niagara limestone at Terre Haute, Indiana. 
DB. S..Ge Ee, xxiv, 570. f The Geol. Mag., iv, 34. 
e Since determined to be Miocene. g A. J. S. (2), xxxv, 169. 


d Professor Kerr, state geologist of North Carolina, reported that h Ibid (2), xlvi, 356. 
no petroleum was known in that state. 
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the water level of the region. Large quantities of light carburetted hydrogen gas are found in the paleozoic rocks of the vicinity, and 
seem to be in many cases accumulated in the subterranean anticlinal reservoirs, since borings sometimes yield both gas and oil, or gas alone. 
Water sometimes, but not always, more or less saline often accompanies the petroleum, and frequently replaces the latter in wells that 
have been for some time wrought. I do not conceive that the gas has any necessary connection with the oil, since large quantities of it 
are found in rocks which underlie the corniferous limestone. If, however, as is not improbable, portions of it were generated and now 
exist in a condensed state in the oil-bearing strata, its elasticity would help to raise the petroleum to the surface. 

The accumulation of the petroleum along lines of uplift, and its escape through the fissures accompanying this disturbance, must 
evidently date from a remote geological epoch. Porous beds, like the Devonian sandstones or the Quaternary gravels, have, however, 
served as reservoirs in which the oil has accumulated, while argillaceous and nearly impervious strata, like the marls of the Hamilton 
group and the fresh-water clays which overlie the gravels in western Canada, have in a great measure prevented its escape. 

Hence it would appear that the Devonian sandstones of Pennsylvania and northeastern Ohio are filled with oil which has risen from the 
limestone beneath, while over a great portion of western Canada this limestone was ages ago denuded, and has lost the greater part of its 


petroleum. (a) 
* x * * * * * * 


There exists in southwestern Ontario, along the river Saint Clair, an area of several hundred square miles underlaid by black shales 
in the counties of Lambton and Kent, of which only the lower part belongs to the Hamilton group. These strata are exposed in very few 
localities, but the lower beds are seen in Warwick, where they were many years since examined by Mr. Hall, in company with Mr. Alexander 
Murray, of the geological survey of Canada, and were by the former identified with the Genesee slate forming the summit of the Hamilton 
group. They are in this place, however, overlaid by more arenaceous beds, in which Professor Hall at the same time detected the fish 
remains of the Portage formation. The thickness of these black strata,as appears from a boring in the immediate vicinity, is 50 feet, 
beneath which are met the gray Hamilton shales. * * * * The Hamilton shale, which in some parts of New York attains a thickness 
of 1,000 feet, but is reduced to 200 feet in the western part of the state, consists in Ontario chiefly of soft, gray marls, called soapstone 
by the well-borers, but includes at its base a few feet of black beds, probably representing the Marcellus shale. It contains, moreover, 
in some parts beds of from 2 to 5 feet of solid gray limestone holding silicified fossils,and in one instance impregnated with petroleum, 
characters which, but for the nature of the organic remains aud the underlying marls, would lead to the conclusion that the Lower 
Devonian had been reached. The thickness of the Hamilton shale varies in different parts of the region under consideration. 

Frem the record of numerous wells in the southeastern portion it appears that the entire thickness of soft strata between the 
corniferous limestone below and the black shale above varies from 275 to 230 feet, while along the shore of lake Erie it is not more 
than 200 feet. Further north, in Bosanquet, beneath the black shale, 350 feet of soft gray shale were traversed in boring without reaching 
the hard rock beneath, while in the adjacent township of Warwick, in a similar boring, the underlying limestone was attained at 396 feet 
from the base of the black shales. It thus appears that the Hamilton shale (including the insignificant representative of the Marcellus 
shale at its base) augments in volume from 200 feet on lake Erie to about 400 feet near to lake Huron. Such a change in an essentially 
calcareous formation is in accordance with the thickening of the corniferous limestone in the same direction. 

The Lower Devonian in Ontario is represented by the corniferous limestone, for the so-called Onondaga limestone has not been 
recognized, and the Oriskany sandstone, always thin, is in some places entirely wanting. The thickness of the corniferous in western 
New York is about 90 feet, and in southeastern Michigan it is said to be not more than 60 feet, although it increases in going northward, 
and attains 275 feet at Mackinac. In the townships of Woodhouse and Townsend, about 70 miles west from Buffalo, its thickness has 
been found to be 160 feet; but for a great portion of the region in Ontario underlaid by this formation it is so much concealed that it is 
not easy to determine its thickness, In the numerous borings which have been sunk through this limestone there is met with nothing 
distinctive to mark the separation between it and the limestone beds which form the upper part of the Onondaga salt group or Salina 
formation of Dana, which consists of dolomites, alternating with beds of a pure limestone, like that of the corniferous formation. The 
saliferous and gypsiferous magnesian marls, which form the lower part of the Salina formation, are, however, at once recognized by the 
borers, and lead to important conclusions regarding this formation in Ontario. In Wayne county, New York, the Salina formation has. 
a thickness of from 700 to 1,000 feet, which, to the westward, is believed to be reduced to less than 300 feet, where the outcrop of this 
formation, crossing the Niagara river, enters Ontario. * * * * 

Apart from the chemical objections to the view which supposes the oil to be derived from the pyroschists above the corniferous 
limestone, it is to be remarked that all the oil-wells of Ontario have been sunk along denuded anticlinals, where, with the exception of 
the thin black band sometimes met with at the base of the Hamilton formation, these so-called bituminous shales are entirely wanting. 
The Hamilton formation, moreover, is never oleiferous, except in the case of the rare limestone beds already referred to, which are 
occasionally interstratified. Reservoirs of petroleum are met with both in the overlying Quaternary gravels and in the fissures and 
cavities of the Hamilton shales, but in some cases the borings are carried entirely through these strata into the corniferous limestone 
before getting oil. Among other instances cited in my geological report for 1866 may be mentioned a well at Oil Springs, in Enniskillen, 
which was sunk to a depth of 456 feet from the surface, and 70 feet in the solid limestone beneath the Hamilton shales, before meeting 
oil, while in adjacent wells supplies of petroleum are generally met with at varying depths in the shales. 

In a well at Bothwell oil was first met with at 420 feet from the surface and 120 feet in the corniferous limestone, while a boring 
at Thamesville was carried 332 feet, of which the last 32 feet were in the corniferous limestone. This well yielded no oil until, at a 
depth of 16 feet in this rock, a fissure was encountered, from which at the time of my visit 30 barrels of petroleum had been extracted. 
At Chatham, in like manner, after sinking’ through 294 feet of shales, oil was met with at a depth of 58 feet in the underlying corniferous. 
limestone. 

We also find oil-producing wells sunk in districts where the Hamilton shale is entirely wanting, as in Maidstone, on the shore of 
lake Saint Clair, where, beneath 109 feet of clay, a boring was carried through 209 feet of limestone, of which the greater part consisted 
of the water-lime beds of the Salina formation, overlaid by a portion of the corniferous. Ata distance of 6 feet in the rock a fissure 
was struck, yielding several barrels of petroleum. Again, at Tilsonburg, where the corniferous limestone is covered only by Quaternary 
clays, natural oil-springs are frequent, and by boring fissures yielding petroleum were found at various depths in the limestone down 
to 100 feet, at which point a flowing well was obtained, yielding an abundance of water, with some 40 gallons of oil daily. 

The supplies of oil from wells in the corniferous limestone are less abundant than those in the overlying shales and even in the 
Quaternary gravels, for the obvious reason that both of these offer conditions favorable to the retention and accumulation of the petroleum 
escaping from the limestones beneath. 

* * * * The conditions under which oil occurs in these limestones in Ontario are worthy of notice, inasmuch as they present 
grave difficulties to those who maintain that petroleum has been generated by an unexplained process ef distillation going on in some 
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underlying hydrocarbonaceous rock. Numerous borings in search of oil on Manitoulin island have been carried down through the Utica 
and Lorraine shales, but petroleum has been found only in fissures at considerable depths in the underlying limestones of the Trenton 
group. The supplies from this region have not hitherto been abundant, yet from one of the wells just mentioned 120 barrels of petroleum 
were obtained. The limestone here rests on the white, unfossiliferous, chazy sandstone, beneath which are found only ancient crystalline 
rocks, so that it is difficult to avoid the conclusion that this limestone of the Trenton group is, like those of the Upper Silurian and Devonian 
age already noticed, a true oil-bearing rock. (a) 


Although the discussion of the subject as presented in these two extracts procceds in a somewhat disconnected 
manner, the opinions held by Dr. Hunt are plain, viz: that the oil comes from the limestones at the base of the 
Devonian formation, that it is indigenous in those rocks, and has accumulated under the crowns of anticlinals. 

According to the latest published researches, I conclude that the geological formations in western Pennsylvania 
from which petroleum has been obtained belong to the Chemung and perhaps later groups of the Upper Devonian, 
and consist of shales and marls, interstratified with sandstones. The sandstone varies in character from a coarse- 
grained, uncemented sandstone to a pebble conglomerate, composed of worn pebbles of white or slightly-colored 
opaque quartz overlaid by marls and slates, often highly silicated, forming very hard and impervious crusts. This 
pebble conglomerate consists of two varieties, occupying separate horizons, in one of which the pebbles are nearly 
spherical, and in the other flattened. Between these beds of sandstone or conglomerate that contain the oil are 
beds of shale, often of great thickness, with which are thin beds of sand and “shells”. The latter are thus described 
by Professor J. P. Lesley : 


The hard ‘‘shells” or crusts of white flint found at different depths in this and many other wells, and broken with the auger-bits 
only with extreme difficulty, are deserving of particular investigation. They seem to form impervious sheets of precipitated silica 
effectual barriers against any general movement, upward or downward, of the underground drainage. ()) 


The sandstones and conglomerates are of quite uniform structure over wide areas; for instance, the Venango 
third sand consists of smooth, rounded pebbles, while the Bradford third sand is a porous sandstone. The latter 
has been examined microscopically by Professor C. W. Hall, of the University of Minnesota, who, in a private 
communication, says: 


The sandstone in the flame turned to a light gray, almost white, color through the burning out of the bituminous matter, Thin 
sections disclose the presence of numerous fluid cavities in some of the grains. Small as these grains are, they protected intact the fluid 
contents of the cavities from the penetrating effects of the petroleum which had percolated through the mass of the sandstone. 


A bed of shale several hundred feet in thickness and very rich in remains of fucoids outcrops along the shores 
of lake Erie through Erie county, Pennsylvania, and Chautauqua county, New York, and wells drilled at Erie, 
Pennsylvania, to a depth of over 600 feet in this shale have yielded petroleum, but have failed to reach the 
underlying formation. These shales dip toward the southwest. 

At Union City, in the southern part of Erie county, sandstone overlies the shale in the summits of the hills 
and furnishes the quarry rock for the valley of French creek. This sandstone often exhibits traces of bitumen, and 
when freshly quarried and exposed to the sun becomes covered with an exudation of thick oil. Farther south and 
east the rocks alternate between shales, sandstones, and pebble conglomerate, each of which dips south and west, 
and disappears under newer and higher members that succeed them on thesurface. In the neighborhood of Titusville, 
Crawford county, the shales of Erie county have passed far below the surface, and new sandstones have appeared 
on the hills which border the deep and narrow valleys through which the Allegheny and its tributaries flow. 

No clearer statement has been made of the relations of these rocks than that given by Mr. J. F. Carll in his 
reports to the geologist in charge of the second geological survey of Pennsylvania. He says: 


In the first oil development by artesian wells nothing was known about the sands. Wells were drilled until indications of oil 
appeared, without regard to the character of the strata pierced. But experience soon proved the sand rocks to be its source, and then 
commenced deeper drilling for other sands, which, in the valley of Oil creek, resulted in the discovery and classification of ‘‘ three sands ”— 
these being all the oil-bearing sands found in that locality, even after several wells had been sunk much deeper in quest of others. 

In the progress of development locations for wells were selected on higher ground. The drill passed now through four or five other 
and higher definite sand rocks before reaching the geological horizon of the first sand of Oil creek, and when this fact was made clear it 
became customary among drillers to throw out these upper sands from their well records. They were called the ‘mountain sands”, and 
were also numbered 1, 2, 3, ete. The drillers commenced their count of the oil-rocks with that one which they found at the depth at 
which they supposed the first sand of Oil creek to lie; but in so doing many errors occurred, resulting from a want of accurate 
observation, first, as to the surface elevation of the wells drilled on high ground, and, second, as to the dip of the oil-bearing strata, 
which materially affected the comparison of elevations, even when these were accurately known. A third source of error may be found 
in the fact that a thick stratum of sand lying single and solid in one place is often split into two, or, in other words, isrepresented by an 
equivalent of two sands with shales intervening in another place, perhaps only a short distance from the first. 

For several years after the discovery of oil the drilling of wells was almost exclusively confined to the ‘ flats” bordering the 
principal streams. The impression prevailed that there was some connection, some parallelism, between the streams on the surface and 
the ‘‘ oil veins” beneath; but many failures to strike oil along the streams gradually led to locations on higher ground and upon lines 
between good wells. This method has been pursued so long and so thoroughly that we can now affirm that the drill has traced the great 
oil leads of the country from point to point regardless of any and all topographical features of the surface.(c) * * * 

We use the word “ belt”, not as employed by some to designate a narrow, continuous line of sand rock, which may be unerringly 
traced for miles with an instrument on a certain degree of the compass circle, but only as a convenient term for expressing the general 
trend of the oil-bearing rocks from point to point, even although interrupted by ‘‘ dry ” and unproductive intervals. 
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The base-line run from Pleasantville to Tidioute—from the commencement of the Colorado district to the Allegheny river—passes 
through what has been one of the best and most continuous oil-producing belts of the region. Along and contiguous to this line, and to 
the north of it, the deeply-eroded valleys of Pine creek and Dennis run expose the basset edges of the whole series of slightly-inclined 
rocks (uplifted toward the north) underlying the Great Conglomerate (No. XII, the base of the productive coal measures) to a 
(geological) depth of 850 feet, bringing us down to within about 100 feet of the third or lowest oil-bearing sands. (a) 

This exposure (along Ping creek and Dennis run), taken in connection with the well records along the route, enables us to form a 
tolerably correct idea of the stratification of the rocks to that depth. The whole series is found to consist of bands of sandstones and 
conglomerates and sandy and muddy shales and slates, varying locally in character, composition, and relative order, when studied in 
detail, but, as a whole, lying one above another in nearly horizontal parallel planes. The local variability of stratification is particularly 
noticeable (at least in the southeastern part of the district) in the strata next beneath the Conglomerate No. XII, and to a relative depth 
of from 600 to 650 feet. These strata have never ES aia oil in Venango county. We may therefore call them the ‘‘barren oil- 
measures” of Venango, or the ‘‘mountain-sand group” 

Beneath the division of mountain sands another series, with a thickness of from 350 to 400 feet, and similar to the above in structure, 
but rather more regular in stratification, will include the three sands of Oil creek; and, as we believe it can be shown that no oil has 
ever been obtained in the district except from rocks of this series, it may properly be bifold the “petroleum measures” of Venango, or 
“division of the three sands”. 

Some of the first wells drilled evidently obtained their oil above the first sand, and the old oil-pits of French and Oil creeks and 
Hosmer run were above it also. But the oil, without doubt, came really from the first sand, its close proximity tothe surface in these 
places having admitted of the percolation of surface water into its crevices, which, by hyatdulie pressure, forced the oil upward. 

It isa noticeable fact that any first sand below the surface is generally full of water veins, whether it be an oil-bearing or a 
mountain sand. If the oil sands lie deep, they seldom (especially in new territory, before the water is let down by the drill) contain much 
water. 

In the shallow wells at Tidioute, along the Allegheny river, and on French and some parts of Oil creek, considerable water was 
always pumped with the oil; but in the deep wells at Pleasantville there was not found at first one per cent. of water, and that, being 


salt, must have come commonly from the second sand. As the oil was exhausted the water increased. (b) 
* * * * * * * * 


A comparison of records of wells on Oil creek, where the three leading sands of the petroleum measures lie with considerable 
regularity, both as to their thickness and the intervening distances between them, results in an average record about as follows: 

First sand, 40 feet thick; interval, 105 feet. Second sand, 25 feet thick; interval, 110 feet. Third sand, 35 feet thick. Total, 315 feet. 

In addition to these three regular sands, there is found in many of the wells a fine-grained, muddy, gray sand, known among drillers 
as the ‘stray third”. This lies from 15 to 20 feet above the regular third, and is from 12 to 25 feet thick. In some localities this rock 
assumes a pebbly character, and produces oil which is always darker than the third-sand oil, sometimes being nearly black. 

At different points on Oil ereek—at East Shamburg and other places—wells in close proximity to each other have produced, some of 
them black oil, some green, and some a mixture of both. 

The ‘‘ black oil” of the Pleasantville district has all been derived from the ‘‘ stray third”, which, in this district, is universally called 
the fourth, or ‘‘black-oil sand”. But here the character and composition of the two sands (third and stray) are reversed. The stray is a 
coarse pebble or conglomerate; the third, a fine, micaceous, muddy, gray sand, only 15 to 20 feet in thickness, but always showing traces 
of green oil, and sometimes furnishing an abundance of gas. 

We believe it can be shown also that Pithole, Cashup, and Fagundus, although producing an oil of a lighter color than Pleasantville, 
drew their supply from the same stray sand, and the proef will be offered farther on. 

A noticeable peculiarity of these two sands (stray and third) is that on the northwestern outline of the oil-tield, where the third 
shows itself in greatest force, the stray is seldom an oil-producing rock. As we proceed southeastward the stray bags to get its pebbly 
constitution and to yield oil over broader areas than the third, the Jatter becoming more fine and compact and gradually thinning away. 

A marked difference will be noted also on comparison of specimens of the two sands. In the oil-producing stray the pebbles are of 
a yellowish-brown color, and in shape generally spheroidal. In the third the pebbles are white, often brilliant, and in shape lenticular. 
These distinguishing characteristics, we believe, hold good universally. 

On the northwesterly line above mentioned the second sand lies in a massive stratum, 30 feet or more in thickness. Toward the 
southeast, as in a part of the Pleasantville district, at Bean farm, Pithole, Cashup, and Fagundus, it is split into two well-defined sands, 
with from 15 to 30 feet of slates or shales intervening. It is this that has given rise to the erroneous appellation of fourth-sand oil at 
Pleasantville. The drillers began to number rightly on the first; and called the split (second) sand next below it second and third, and 
then called the stray the fourth. This, of course, made the third sand of the Oil creek wells, which was still lower, fifth in the series. 

In some localities they went still farther in their zeal to prove their territory better than Oil creek, by showing a greater number of 
sands. Finding the stray and third in three divisions, instead of two, they announced at once the discovery of a sixth sand. 

The first eand, as far as we have examined it, appears to lie with more uniformity than the second, but further investigation may 
show changes of character and of level similar to the others. 

Little oil has been produced from the first and second sands in the particular field under review. Their best development as oil- 
bearing rocks is along the Allegheny river from West Hickory to the Cochran farm, and on French creek and Two-mile run, near Franklin, 
to which our detailed survey of 1874 did not reach. We speak of them above as they are found on the green-oil range, and without a 
closer knowledge of the peculiar structural differences which they may be found to exhibit in the places above named on the Allegheny 
river and French creek. 

Assuming, then, that all the oil from this country has been deduced from the “ group of the three oil sands”, consisting of the first, 
second, stray, and third, with their intervening slates, shales, and mud rocks, and that the trend of the oil-producing belt is marked by no 
saints indications to point out its direction or drift, we will proceed, on the principle of a general parallelism of strata, to trace the sands 
by means of the levels run, combined with the yeoords of wells, through some of the main oil centers of the district, with a view of 
ascertaining the direction of the dip of the series and the fall, in feet, per mile. 

The Venango petroleum district, or ‘upper oil belt”, as it is now generally called, in contradistinction to the Butler county district, 
may be said to commence a short distance east of Tidioute. From thence southwestward it is marked by an almost unbroken band of 
wells through Dennis run, Triumph, the Clapp farms, New London, the Ware farm, and Colorado, a distance of about 9 miles. 

Between this, its southwest end, and the commencement of the Shamburg district, near the National wells, no paying third-sand 
wells are found, except, perhaps, within a limited area on the Benedict farm, west of Enterprise, the exact geological relations of which 
to the Colorado “lead” has not been fully determined. 





a Report I, p. 11. b Ibid., p. 13. 


, 


THE NATURAL HISTORY OF PETROLEUM. 43 


Beneath this unproductive district the third sand is found in all the wells drilled, having a thickness of from 30 to 45 feet, but 
apparently too fine-grained and closely compacted with mud to produce oil. 

Between Shamburg and Petroleum Centre, on Oil creek, occurs another unproductive interval; but from Petroleum Centre the oil- 
belt has been traced with considerable continuity, crossing the Allegheny river at Reno, again at Foster’s, and terminating at Scrubgrass, 

This line of development, it will be noted, leaves Tidioute in a direction of about south 80° west, gradually sweeping around 
toward the south, and ending with a bearing of only about south 20° west. 

The belt above described, it should be understood, is the green-oil or third-sand belt. It appears to be much narrower and more 
sharply defined than others. At many places a distance from the center line toward the north or toward the south of merely a few rods 
sufiices to guarantee a “dry hole”. 

From levels taken along the surface line above described, combined with such records of wells as were obtained, the elevation of 


the top of the third sand in the several localities named is ascertained to be as follows: 
Feet above tide. 
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Distance from Rouseyille to Tidioute, 20.7 miles ; difference in elevations, 450 feet; dip per mile, 21.7 feet. (a) 

In the report made subsequently, and published in 1880, Mr. Carll continues the discussion of this subject. 
Want of space forbids my quoting more liberally from this report, but the following extracts present the relation 
and stratigraphy of these formations: 


The designations first, second, and third mountain sands, used provisionally in 1874, answered very well for the purposes of that local 
report; but to adhere to the use of these ordinal numbers still, after the comparison of oil-well and surface sections has been extended 
southwestward to the very borders of the state of Ohio and northeastward into the southern counties of the state of New York, would 
only perpetuate confusion in our geological nomenclature. 


The first mountain sand appears to occupy the horizon of the Connoquenessing sandstone of Butler county 
and the Kenzua creek sandstone of McKean county, and may as well be spoken of when occasion requires under 
one of those two names. 

In the Reports of the Pennsylvania Survey, vol. III, page 83, appears the following in relation to this subject: 


The second mountain sand cannot, indeed, be robbed entirely of its name; but whenever it is thus spoken of the name must be 
accounted as a mere synonym for the Garland conglomerate, and not at all as an index to the numerical position of the rock in relation to 
other sands in the series. Bunt it will always be the Garland-Olean-Sharon-Ohio conglomerate. 

The third mountain sand will receive in this report a new name, the Pithole grit. This rock was first recognized as a persistent 
sandstone in the Pithole oil-wells, being well developed in all that country, and making conspicnous outcrops along the Allegheny river on 
the south, and along Oil creek on the west. The term grit sufficiently designates it as asandstone ; but, what is more important, willserve 
to associate it in the reader’s mind with the Berea grit of Ohio, which seems to have been a contemporaneous formation, although the 
two rocks have not been traced across the country toward each other to a common place of actual meeting. 

Neglecting for the present the mountain sands as separate numbers of a small series, and grouping them and their intervals together 
as a whole, I must now show that they constitute one (and the upper) member of a larger series. The vertical section of rocks in the oil 
belt, as exhibited by the well records, show these characteristic subdivisions: 

1. Mountain sands, so called by the oil-well drillers. 

2. Crawford shales, a group of shales and mud rocks, in the midst of which is the Pithole grit. 

3. Venango oil-sands, a group of sandstones and shales interleaved. 

These names will be useful in defining those features of hardness and softness by which the driller elassifies the rocks through which 
his well passes downward; but they must not be taken by the geologist to signify formations of these successive and distinct ages, plainly 
and absolutely separated from each other; for such dividing planes cannot be satisfactorily established from the imperfect records of oil- 
wells alone. 5 

It is important to state the fact clearly at the outset that throughout the whole area which has afforded the Venango oil—that is, 
along the entire length of the oil-producing belt (or belts) of country—the structure of the oil-sand group is virtually the same. On the 
other hand, the moment we leave the oil-producing area to the right or to the left the internal constitution of the oil-sand group becomes 
quite different. All the wells that pierce the oil-producing belts exhibit remarkably the same group of oilsands. All wells put down 
outside of these belts exhibit quite a different kind of deposits when they reach the plane of the oil sands. (b) 


From data too voluminous to quote here, Mr. Carll concludes that ‘‘the Venango oil sands as a group not only 
thin away, but disappear, and are wanting in the Slippery Rock country”. Farther tothe southwest, in Beaver 
county, he concludes that “not only is the oil group cut out, and also the red rock over it, but the sandstone 
deposit occupying the horizon of the Pithole grit is enlarged; the shaly interval above the sandstone becomes 
sandy; and thus the true base of the mountain-sand series becomes somewhat obscure”. He further concludes: 


It follows from this study of our sections that the Ohioville (Smith’s ferry) amber oil must be derived from the horizon of the Pithole 
grit, which also furnishes amber oil in small quantities on Slippery Rock creek. It follows as logically, also, that the Slippery Rock heavy 
oil is found in one of the lower members of the mountain-sand series, an horizon which also produces heavy oil in many wells at Smith’s 
ferry. (c) 

Continuing the discussion, Mr. Carll states: 


No direct connection has yet been discovered between the upper or Tidioute-Bullion oil belt and the lower or Clarion-Butler oil belt. 
The present southern termination of the line of productive wells on the upper belt is near Clintonville, in Venango county. This is 
about 12 miles northwest of Columbia hill, in Butler county, which is the nearest point of development in the lewer belt. The lower belt 


i a Report Second Geological Survey Pennsylvania, I, 1874, p. 18. b Ibid., III, p. 83. ¢ Reports, III, p. 90. 
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is known to extend south-southwesterly from Columbia hill into Summit township, Butler county, some 20 miles, and northeasterly into 
Elk township, Clarion county, some 15 miles. The area of country between the belts has been tested in hundreds of places with results 
in most cases quite unsatisfactory. Nevertheless several good pools of oil have been discovered. These, however, do not establish a 
connection between the belts, for the stratification is somewhat irregular throughout all this district as far as is known, and the continuity 
of the oil-producing rocks seems to be here interrupted. We cannot, therefore, speak of the upper belt as being directly connected by a 
line of paying wells with the lower; yet the main structural features of the group in the upper belt are observable across the intervals 
and the rocks themselves reappear with their characteristic aspect as soon as the lower belt is reached. 

That the deposits of the lower belt have been subjected to more vicissitudes of water level than those of the upper belt, resulting in 
a greater number of alternating bands of sandstone and shale within the vertical limits of the group, seems evident; yet it cannot be 
doubted that the deposit in the two belts were being laid down at one and the same time. They occupy the same geological horizon; 
they are associated with similar strata; and they exhibit a like parallelism of structure. Geolegically, therefore, the two belts may be 
viewed as one, and may be studied and described accordingly. (a) 


Concerning the geological age of the oil-sand group, Mr. Carll remarks: 


Previous to our present survey the Venango oil-sands were universally regarded as of Chemung age. In thesummer of 1875 evidences 
began to accumulate pointing strongly toward the probability that they were of more recent date; but the idea seemed then so heterodox, 
and the facts to support it were at first so meager and questionable, that no definite conclusion on the subject could be immediately arrived 
at. Even now their relative place in the paleozoic column of eastern Pennsylvania cannot be precisely and positively indicated. We 
can only say there are reasonable grounds for inferring that they do not belong to the Chemung formation, as represented in New York state 
and eastern Pennsylvania. (b)) 

A comparison of the structure and depthof sediment belonging to the Catskill, the Pocono, and the Mauch Chunk periods in eastern 
Pennsylvania with those of the same ages in western Pennsylvania leaves little room to doubt that the former represent deposits in a 
much broader and deeper sea than the latter: a sea perhaps whose bottom was undergoing a steady depression in the east while it was 
alternating between depression and elevation and gradually shallowing in the west. An elevation of the ocean bottom near the close of 
the Chemung period seems to me to have thrown off the waters from a large portion of its former bed in the west, leaving submerged in 
that direction only a narrow arm of the sea, representing perhaps some old submarine valley. ‘This comparatively contracted and shallow 
basin must necessarily, from the very nature of the case, have been the repository of immense deposits of reworked Chemung sediments, 
rapidly brought into it from the newly emerged mud-land, to be interbedded with the Catskill reds, which were intermittently swept in 
from the east to greater or less distances as circumstances directed. We might then expect to find in this basin precisely what the drill 
discloses: alternatious of Catskill red and Chemung gray argillaceous shales occupying the deepest part of it, and more sandy deposits 
lying around its edges. (c) 


Concerning the structure of the oil-sand group, Mr. Carll insists that the integrity of the Venango oil-sand group 
must be kept in clear view, as it is a group in the strictest sense of the term, and has a well-defined top and 
bottom. (d) The sandy layers at the top of the Crawford shale are of no moment in the present discussion. The 
sole fact here insisted on is this: 


1, That over the oil-sand group lies a distinct soft formation, 300 or 400 feet thick, in allparts of the oil regions of western Pennsylvania, 
which, for the present, we call the Crawford shale, in the middle of which appears, in some parts of the region, a massive sand deposit, 
ealled in this report the Pithole grit. 

2. That the well-sinker will find an abrupt change of character when he gets through this soft formation and strikes the top of the 
oil-sand group. The transition from the soft Crawford shales or slates to the first oil sand is sharply defined, and the geologist is obliged 
to see here the close of one period of deposits of one kind and the beginning of another period of deposits of a very different kind. (¢) 


Mr. Carll continues: 


Under the oil-sand group again lies a perfectly well-marked different formation. The driller having gone through the Venango oil 
sands and their separating shales and reached the base of the group, suddenly, by as abrupt a transition as that he encountered at its top, 
enters a different set of rocks. Wherever the group is normally developed the drill passes at once from sandstone into shale, and continues 
from that point in the well to go steadily down through shales for hundreds of feet without encountering any sandstone layers like those 
above. 

A large majority of oil-wells were never drilled below the third sand or base of the group, for experience had convinced operators that 
it was useless to expect another sand layer below that horizon along the whole line of the Venango and Butler belts. Several hundred 
wells, however, were put down to depths of from 100 to 500 feet beneath the lowest Venango oil sand. Their numbers, and the extent of 
ground over which they lie scattered, afford conclusive evidence that the measures beneath the oil-sand group have everywhere the same 
clay characters. The universal testimony of their records is, soft drilling and no coarse, massive sand rock after leaving the productive 
oil measures. Occasionally, indeed, a‘‘sand” has been reported, and some fine-grained sandstone layers were to be expected, for they are not 
unknown in the Chemung series; but it is now conceded that such layers do not resemble the oil sands, and that they occurred so rarely, 
and the reports of them are so vague and questionable, that we are warranted in treating them as mere local variations of some of the beds 
of the Chemung shales. (f) 

The Venango oil-sand group itself is a mass of sandstone deposits from 300 to 380 feet thick, with layers of pebbles and many local 
partings of shale and slate. These figures may be varied somewhat, but it will be found as a general rule that a thickness of 350 feet 
will, in nearly every case, embrace all the sands belonging to the Venango group, even the fourth, fifth, and sixth sands, as the lower 
members of the group in some localities have been called. It is wonderful how the group maintains its total thickness with such 
uniformity for a distance of 62 miles in a straight line from Tidioute, in Warren county, to Herman station, in Butler county. The top 
sand is sometimes 10 feet thick, and sometimes 85 feet; the bottom sand may be 5 feet thick, or it may be 120 feet; and so either one of 
these members may individually vary in thickness about as much as the whole group is found to vary. (g) 











a Reports, III, p. 100. e Ibid., p. 130, § 318. 
b Ibid., p. 119, § 297. f Ibid., p. 132, § 320. 
e Ibid. p. 122, § 302, g Ibid., p. 136, § 323. 


d Ibid., p.128, § 315. 









Pennsylvania . 


Greene Co. Washington Co. Alleghaw Co. 
Dunkard Creek . Brownsville, Pittsburg. 
P45: 








Ss 
Sas 











































































































Butler Co. 


Summit. 


7400 &89 









Clarion Co. 


Millerstown. Petrolia. Parker. 


Plate 17. 


2 
= 
< 
\e 
& 
Venango Co. Warren and M°Kean — 
x, 
President. Tidioute Youngsville. Bradford. Jamestoun. 
7048 13 Leth 4 1321 
Dennis Well 
20, iB. 





























en a 
, ie Vas se17 







































































= 






































Pp 
Ocean Tjevel . 


GENERALIZED GEOLOGICAL SECTION 
FEOM 
BLACK ROCK, NEW YORK, 
To 
DUNKARD CREEH, P4., 
Showing the various oil horizons of 


CANADA, NEW YORK AND PENNSYLVANIA, 
AND THEIR RELATIVE POSITIONS IN THE 
PALGMOZOIC SYSTEM. 
COMPILED BY 
JOHN F, CARLL, 

FOB THE 
Second Geological Survey of Pennsylvania. 
DRAWN BY 
LAURA LINTON. 


= = 















=] 
SS 















































SSS eS 






















































































(j= = Sse ao os me 
SSS SS RS RTS alle 


1508 
Boyd Hill Well. 


ETTORE 


rady's Bend _Antielinal . 

















Se 


18990 


Neweastle Well . 


Note. 


Figures under names of towns denote elevation of R.RDepots. 
Figures above wells, denote elevation of Wall Mouths. 

Figures below welis, denote depth below ocean level. 

Lhe top and bottom tigures added, give dept of Well, 


SS TT 
: ee roana ete 








——— 


WTP 


860| Struthers Well, Weeks Well. \760 Teamestours Pell. 
M°Clintock Well. NorthWarren. Fentonville. Stearns Hell. 


Jackson Sta. Erie. 


620 FIO 


2263 
Vata Well . 


Formations . 
a. Corniteroas Limestone. 
b. Bradford 32 Sand. 
l. Warren Ol Group. 
mVenango Group welading Batler, Clarion and Tenango Oil Sands. 
n.Crautord Shales. 
0. Conglomerate Measures including Oil on Slippery Rock and Mountain Sands. 
i. Lower Productive Coal Measures. 
s. Lower Barren Coal Measures. 
7. Upper Coal Measures including'Pittshurg Coal Bed.” 
C. Upper Barren. 
p. Mahoning Sandstone 








Lew York 
Dayton. Cattaraugus Creek. | 
1370 
785 = 
: = 378 <— a 
aS STS TST ; 3 
| TS 
a seen eva vesasTeta ie ais 


Alignment of Section . 
From Black Rock, Erie Co..N¥1 toPittsburg Pa.,/75 Miles §.20°W. 
Prom Pitsburg to Dunkard Greek, Greene Co.,P-a., 5 OMiles §. £E. 
Torizonontal 7 Vo Miles to Linch =4 0560 ft. 
Seale: Vertical 2O0O ft.to Finch . 
Ratio, Horizontal to Vertical, about 2%. 





— bah dl > « __ 
oe oe oy, ee 
{ ‘ : i 
— ¥ 
Ss 
< % 
” 
L 
* 
- 
\ 
of 
i 
. i 
oy 
‘ 5 ‘ 





THE NATURAL HISTORY OF PETROLEUM. 45 
ee 
The following table, compiled from those prepared by Mr. Carll, shows the elevation above tide-level, the fall, 
distance, and rate of fall per mile of the top of the third oil-sand in Warren, Venango, Clarion, and Butler counties. 
Dogtown is at the same level above tide-water as Clintonville, one mile northeast of Turkey City (see map IIT): 
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* Reports, ITI, p. 144. 


These figures show that the top of the third Venango oil-sand dips to the southwest in the 62 miles between 
Tidioute, in Warren county, and Herman station, in Butler county, at the average rate of 23 feet to the mile. 


The first paying oil-well on the Butler-Clarion belt was obtained on the Allegheny river at Parker’s landing in the fall of 1868, and 
operations spread out but a short distance from that point during the years 1869 and 1870. 

In 1831 the somewhat unexpected measure of success attending the test wells, which were advancing toward the northeast into 
Clarion county, and also those toward the southwest into Butler county, led to developments in both these directions which resulted 
in pretty thoroughly outlining within the next three years the main or central belt. 

Subsequently side lines of development were run, and the district was found to widen out in many places and to contain side belts and 
pools, with oil sometimes in the fourth sand, sometimes in the third, and in some localities even in rocks above the third sand, all of which 
aided very materially in augmenting the production. * hy si 


In 1874 the maximum development of this district was reached during the great fourth sand or ‘‘ cross-belt ” excitement. (a) 
* * * * * * * * 


At Parker’s landing the oil came from the lowest member of the oil group, the representative of the Oil creek third sand, and so the 
rock was very properly called, not the fourth sand, butthe third. In Clarion county, however, and likewise in Butler, the oil first obtained 
came from a rock higher in the series. But the drillers of the early wells did not notice the change from one horizon to another, and 
consequently supposed that they were still getting the oil from the Parker third sand. After the development had reached Modoc and 
Petrolia, it began to be suspected that there might be two oil horizons, instead of only one, and then commenced the experiment of deeper 
drilling at Petrolia and elsewhere, which finally resulted in the development of the ‘‘cross-belt”, which was also called the ‘‘fourth-sand 


belt”. (b) 
* * * * * * * 


When Bradford first began to give signs of promise as an oil-field, the map of western Pennsylvania being consulted, the embryo 
development was found to be on a nearly direct continuation of the Clarion county oil belt. Immediately several transit lines were 
started by different parties and run through from the old to the new ground. Each surveyor had his own particular angle of deviation 
from the meridian to run by; and each one, as far as possible, carefully kept the exact bearing and location of his line a secret. 

A statement was published at that time and much quoted as a proof of the unerring exactness of this method of tracing an oil belt, 
provided the bearing of the ‘‘lead” had been properly calculated. As the story went, a ‘‘belt-line expert” ran one of these lines 65 
miles through an almost unbroken forest, employing an engineer who had never been over the country before, and who knew absolutely 
nothing about the work beyond the bald fact that he was traveling by a designated degree of the compass. Nevertheless the line thus 
run conducted its fortunate projector out of the woods, down the mountain side, into the valley of Tunangwant creek, to astation within 
a few feet ef the largest well at that time known in the Bradford district. And this termination of the line was considered by many as 
a conclusive proof that all the lands through which that-line passed were “on the oil belt”. ; 

The profile section (Plate VII) and the vertical section (Plate VIII) have been prepared for the purpose of exhibiting the fallacy of 
such views, and to enable the reader to see at a glance what some of the fundamental features of the sedimentary structure of the oil 
region especially are. 

The profile section (Piate VII) follows a line upon the map drawn from Black Rock, on the Niagara river, in Erie county, New 
York, to Pittsburgh, and thence to Dunkard creek oil-field, in Dunkard township, Greene county, Pennsylvania, close to the West Virginia 
state line. From Black Rock to Pittsburgh the bearing of this line is 8. 20° W.—distance about 175 miles. From Pittsburgh to Dunkard 
creek its bearing is 8. 3° E.—distance 50 miles. 

Starting at Black Rock, the line crosses the foot of lake Erie and strikes the southeasterly shore at Lakeview, in Erie county, New York. 
Thence it runs through, or very near to, the following places: Jamestown, New York; Youngsville, on Broken Straw creek, in Warren 
county, Pennsylvania; Tidioute, on the Allegheny river, in Warren county ; President, on the Allegheny river, in Venango county; Foxburg, 
on the Allegheny, in Clarion county; Parker’s Landing, on the Allegheny, in Armstrong county; and Petrolia, Millerstown, and Great 
Belt City (or Summit), in Butler county. Thus it may be said to follow the Butler oil belt very nearly along its line of best development. 

It is evident that, as this alignment of the profile section coincides geographically so nearly with the trend of the Butler and Venango 
oil-sands, there can be no trouble in properly locating upon it the Venango oil-sand group. : 

The Warren oil development, however, lies some 8 miles to the east-southeast of our line, and the Bradford oil development some 30 


miles from it, in the same direction. 





a Reports, III, p. 146, § 336 and 337. b Ibid., p. 147, § 340. 
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. 

Now, it is a remarkable and important fact that in no boring in Pennsylvania has the Warren group of oil-rocks (unmistakably 
developed) been seen directly beneath the Venango group. It is equally a fact that in no boring has the Bradford “third” sand been 
seen directly below the Warren group. Im other words, we have not a single direct oil-well measurement between these several groups, 
and therefore we must trust to some pretty nice and difficult calculations when we try to determine the thickness of these intervals; 
that is, when we attempt to place the Warren and the Bradford oil-rocks in their proper places in our profile section. But whatever 
inaccuracies of detail may thus creep into the section, it will still suffice to show the relative positions of such oil horizoris as have been 
profitably worked in different parts of the country. It will certainly demonstrate the folly of drilling on so-called belt lines, run from 


one producing district to another, regardless of the age or equivalence of the rocks to be connected. 
a * * * * * * * 


The lowest horizon in our country from which oil in paying quantities has been obtained is that of the corniferous limestone formation, 
the home of the Canadian oil. 

This rock can be unmistakably identified at Black Rock, in New York; and therefore Black Rock has been selected as the northern 
end of our profile section (Plate VII). The next and only other point at which the elevation of the corniferous limestone can be fixed is in 
the Coburn gas-well, at Fredonia, Chautauqua county, New York, for in our own state, as far as is known, it has never been reached by 
the deepest borings. 

The average pitch of the corniferous limestone toward the southwest can be calculated from its elevation at Black Rock and at 
Fredonia, allowing us to judge approximately of the thickness of the measures between it and the Venango oil group. At Black Rock, 
as shown by the quotations below, the exact thickness of the rock is not known. We have assumed the top to lie about 52 feet above 
the surface of lake Erie, or 625 feet above ocean level, which cannot be far wrong. In the Coburn well at Fredonia it is said to have 
been struck at a depth of 1,050 feet, which (the elevation of the well mouth being 735 feet) puts it 315 feet below ocean level at that, 
place. The distance from Black Rock to Fredonia is about 38 miles in a direction S. 35° W., and this gives an average slope or dip 
of about 25 feet per mile. But along our section line (S. 20° W.) the average dip of the limestone ought to be stronger than 25 feet per. 
mile, because the line runs more nearly in the direction of the line of greatest dip, as calculated from other strata which admit of more 
accurate tracing; and this inference is strengthened by the fact that no limestone is reported in Jonathan Watson’s deep well near: 
Titusville. 

The distance from Black Rock to Watson’s well is about 100 miles; direction, S. 26° W.; elevation of well mouth, 1,290 feet above 
ocean; depth of well, 3,553 feet. On an average slope of 25 feet per mile the limestone should have been found at 1,875 feet below ocean, 
level, or 3,165 feet from the surface; but as no limestone was seen in the well, we must conclude either that it is absent in that locality 
(which is hardly probable), or that it has a greater average dip slope than 25 feet per mile in that direction. As the well stopped at 2,263 
feet below ocean level, an average of 29 feet per mile would put the limestone at 2,275 feet, or 12 feet beneath the well. A hard rock was 
reported, however, just as the utmost limit of drilling cable forced a suspension of the work at a depth of 3,553 feet from the surface. A 
number of other deep wells are shown on the profile, but it will be seen that none of them have gone deep enough to reach the corniferous 
limestone. The Watson well is not only the deepest boring ever made in western Pennsylvania, but it is also deeper geologically than 
any other. It is greatly to be regretted, therefore, that so little can be known of its history. 

A person unacquainted with the laws of sedimentary deposition and with the methods of preparing a profile section might 
inadvertently be led to suppose, from an examination of the profile section (Plate VII), that the different strata represented there spread 
out continuously and universally in every direction under the oil regions; that a well failing to produce oil in the Venango group might be 
put down 400 or 500 feet deeper and pump oil from the Warren group, and then 500 feet deeper and renew itself in the Bradford ‘ third” 
sand; but such has not been the experience of oil producers. The several groups of oil-producing rocks are locally well defined under 
certain areas; but they have their geographical as well as their geological limits, and as far as at present known the geographical limit 
of one group never overlaps that of another. If we take a map and outline upon it the limits of the Smith’s Ferry and Slippery Rock 
oil-producing district, and then the Butler, Clarion, and Venango, and then the Warren, and then the Bradford, we shali see that each has 
its own particular locus, and that the different districts are separated from one another by areas (of greater or less extent) which have 
been pretty thoroughly tested by the drill and proven to be unproductive, It must have been true in all ages that every deposit of 
sandstone in one locality must have been represented by contemporaneous deposits of shales in other localities. Hence it happens that in 
tracing rocks long distances the sandstones disappear and shales come in at the same geological horizon. It may not then be presumed that 
each particular sandstone, or its oil, will be found in every locality where its horizon can be pierced by the drill, or that a measured 
section of the rocks in one place can be precisely duplicated in detail in another. The vertical section (Plate VIII) is intended to show 
that oil has been produced from ten or twelve different geological horizons in the earth’s crust, ranging through a thickness of about 4,500 
feet of sedimentary strata; and the most skillful oil producer, the most expert geologist, cannot tell how many other oil horizons may exist 
at intermediate depths eect the surface (i. e., in the scale of the formations), but which, being good only within certain geographical 
limits, have as yet escaped the oil-minevr’s drill (she Plate V). 


VERTICAL SECTION. 


SUMMARY SKETCH OF THE FORMATIONS EXHIBITED IN THE VERTICAL SECTION (Plate VIII).—This generalized section extends from the 
surface rocks in the upper barren coal series of Greene county, Pennsylvania, down to the corniferous limestone, the Canadian oil-rock, 
and will enable any one to distinguish and locate the several oil horizons thus far discovered and profitably worked in these measures. It, 
is in fact an enlarged representation of the features presented in the profile section. (Plate VII.) 


GROUP No. 1. 


UPPER BARREN COAL MEASURES B.—‘‘ Greene county group ;” thickness, 600 feet. 

VERTICAL RANGE.—From surface to top of Washington upper limestone. 

COMPOSITION.—Shales, sandstones, thin beds of limestone, and coal. 

ExposuREs.—The highlands of central and southwestern Greene county, Pennsylvania. 

AUTHORITY.—Professors J. J. Stevenson, Report K, p. 35, and White and Fontaine, Report PP, Pennsylvania Survey. 

UPPER BARREN COAL MEASURES A.—‘‘ Washington county group;” thickness, 350 feet. 

VERTICAL RANGE.—From top of Washington upper limestone to top of Waynesburg sandstone. 

COMPOSITION.—Shales, sandstones, limestones, and thin beds of coal; but carrying also the ‘‘ Washington coal-bed”, from7 to 10 feet. 
thick. In Washington county six beds of limestone compose about one-third of the mass, but in Greene the limestones are thin and less 
frequent. 

ExposuREs.—In the highlands of Washington and Greene counties (see Report K, p. 44, Pennsylvania Survey). 
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GROUP No. 2. 


UPPER PRODUCTIVE COAL MEASURES.—Thickness, 475 feet. 

VERTICAL RANGE.—From top of Waynesburg sandstone to base of Pittsburgh coal. 

CoMPOSITION.—Shales and sandstones, with three thick bands of limestone and several thick coal-beds, of which the Waynesburg 
and the Pittsburgh are the most important. 

ExposureEsS.—Throughout Washington, Greene, and Allegheny counties (sce detailed section in Professor Stevenson’s Report K, 
p. 57). 


GROUP No. 3. 


LOWER BARREN COAL MEASURES,—Thicknegs, 500 feet. 

VERTICAL RANGE.—From base of Pittsburgh coal to top of Mahoning sandstone. 

COMPOSITION.—Shales and sandstones, with some thin beds of limestone and coal. 

EXposurRES.—Partially geen in Washington and Allegheny counties and in the highlands of southern Butler, but better developed 
in Beaver county, where Mr. White’s detailed section of these measures was taken (see Report K, pp. 75, 76). 


GROUP No. 4. 


LOWER PRODUCTIVE COAL MEASURES.—Thickness, 400 feet. 

VERTICAL RANGE.—From top of Mahoning sandstone to top of conglomerate No. XII. 

COMPOSITION.—Sandstones and shales, with several good and persistent coal seams and two important beds of limestone—the 
‘‘Preeport” and the ‘‘Ferriferous”. 

EXPOSURES.—This series is exposed over a large extent of country in Butler, Armstrong, Clarion, Beaver, Lawrence, and Venango 
counties (see Mr. Chance’s detailed section, Report V, p. 16). 

Professor Stevenson states (Report K, p. 392) that the Mahoning sandstone, the top member of this group, is the central and principal 
oil-bearing rock of the three sands found in oil-wells on Dunkard creek, Greene county. It also appears to be an oil-producing rock in 
Westmoreland county, where @ number of oil- and salt-wells have been sunk through it. 

The Ferriferous limestone of this group is the great limestone of Butler, Armstrong, and Clarion counties, and the oil-miner’s ‘ key- 
rock” in sinking oil-wells in these sections. It is from 5 to 25 feet in thickness, and lies from 30 to 80 feet above the Homewood sandstone, 
the top member of conglomerate No. XII. 


GROUP No. 5. 


MOUNTAIN SAND SERIES, including the Pottsville conglomerate No. XII, and probably in some localities some of the sandstones 
belonging to the Upper Pocono sandstone No. X (No. XI being either thin or wanting); thickness from 350 to 425 feet, say 375 feet. 

VERTICAL RANGE.-—From top of Homewood sandstone to the base of the Olean-Garland-Ohio conglomerate, or second-mountain sand 
of the Venango oil-wells. 

COMPOSITION.—A group of variable conglomerates and sandstones interstratified with shales and inclosing sporadic beds of iron-ore 
and coal, two of the coal-beds, the Mercer and Sharon, being of great importance. It also carries in some localities two thin bands of 
limestone (the Mercer Upper and Lower). : 

ExposureEs.—In the highlands of Mercer, southern Crawford, Venango, Forest, Warren, and McKean counties. The lower members 
of this group produce heavy oil at Smith’s Ferry, in Beaver county, and on Slippery Rock creek, in Lawrence county, and the upper 
conglomerate is said to be the source of some oil in Kentucky (also in Johnson county, Kentucky). 


GROUP No. 6. 


CRAWFORD SHALES.—Thickness, from 400 to 500 feet, say 450 feet. 

VERTICAL RANGE.—From the base of the mountain-sand series to the top of the Venango oil group. 

COMPOSITION.—Shales and slates, inclosing the Pithole grit, near the center of the mass. In some localities 100 feet or more of the 
lower part is composed of red shale; in others no red appears. The upper part in some sections contains quite important beds of 
sandstone. } 

EXposurRES.—Only favorably seen in cliffs bordering the streams in parts of Forest, Venango, Mercer, Crawford, Warren, and 
McKean counties, its northern outcrop being always obscured by drift. ' 

The horizon of the Pithole grit appears to furnish the light-gravity amber oil at Smith’s Ferry and Ohioville, in Beaver county, 
with traces of the same on Slippery Rock creek, in Lawrence county. It also probably yields the heavy lubricating oil of the Mecca 
district, in Trumbull county, Ohio. 


GROUP No. 7. 


VENANGO OIL GROUP.—Thickness, from 300 to 375 feet, say 350 feet. 

VERTICAL RANGE.—F rom the top of the first oil-sand (the ‘‘second sand” of the driller in Butler county) to the bottom of the third 
oil-sand (called the ‘‘ fourth sand” in Butler, Armstrong, and Clarion, and the “fifth sand” in some parts of Venango county). 

CoMPOSITION.—A group of variable sandstones, in some places conglomeritic, and locally divided into several members by irregular 
beds of slates and shales, some of which are red. 

EXPOsSURES.—These rocks, as a group, lie with a remarkable uniformity of slope and general structure in a comparatively narrow 
belt, from Herman station, in Butler county, to Tidioute, in Warren county. They make no conspicuous outcrops to the northwest, but 
appear to lose their sandy characteristics before reaching the surface. 

At Tidioute the deep gorges of Dennis run and the Allegheny river expose the first and second oil-sands, and as far up as Warren 
it is quite probable that we see the upper portion of the group exposed in the river hills. These are the only localities where a portion 
of the group in even an approximately normal condition may be seen above water-level. Its horizon is cut through by many of the 
ravines of McKean county, but it has there become so changed in its physical aspects that it disappears or becomes unrecognizable when 
the proper range for its outcrop is reached. These are ‘the oil-sands of Tidioute and Colorado, Warren county ; Fagundus, Forest county; 
Church run and Titusville, Crawford county; and of all the well-known oil centers in Venango, Clarion, Armstrong, and Butler counties. 
They produce oil in different localities from the members of the group, ranging from 30° to 52° in gravity, and varying greatly in color: 
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green oil from the third sand on Oil creek ; black oil from the stray sand. at Pleasantville; amber oil from the second sand in many 
places; and dark, heavy gravity oil from the first sand at Franklin. There are also occasional local deposits of oil, shading from a light 
straw color to almost a jet black. 


GROUP No. 8, 


INTERVAL BETWEEN THE VENANGO AND THE WARREN OIL GROUP.—Thickness, 300+ feet. 

VERTICAL RANGE.—F'rom the base of the Venango third oil-sand to the top of the Warren oil group. 

ComposITION.—Soft shale of a bluish-gray color, but containing some beds of green, purple, and red, with irregular bands of thin- 
bedded bluish-gray sandstones. 

The wells at Warren, even when favorably located, do not pass through the Venango group in its normal condition, nor do the 
wells on the Venango belt, when sunk to the proper depth, as many of them have been, find the Warren oil shales and sands with oil ; 
consequently no direct measurement of this interval can be made in oil-wells. In the section we have assigned a thickness to the mass 
which places the Venango and Warren oil groups as near as may be in their proper relative positions vertically at Warren. 


GROUP No. 9. 


WARREN OIL Group.—Thickness, about 300 feet. 

VERTICAL RANGE AND COMPOSITION.—This group may be viewed as including the so-called second, third, and fourth sands of Warren; 
but its composition is so variable in different parts of the district that it does not afford any persistent bands of sandstone by which to 
define either its upper or its lower limit. At North Warren the upper part is shaly, and the largest wells, it is claimed, flowed from these 
shales, while others got their oil from the ‘third sand”. At Warren the ‘second sand” is fairly developed, but the oil generally comes 
in the “third sand”. At Stoneham a lower sand, the ‘‘ fourth”, produces the oil. Thus the North Warren shales are represented at 
Stoneham by more sandy measures which contain no oil, and the Stoneham “ fourth sand” is poorly developed at North Warren, and is 
unproductive. The group, then, may be said to extend from the top of the North Warren shales to the bottom of the Stoneham sandstone, 
covering an interval, as nearly as may be calculated, of about 300 feet. 


GROUP No. 10. 


INTERVAL BETWEEN THE WARREN OIL GROUP AND THE BRADFORD ‘‘ THIRD SAND”.—Thickness, from 400 to 450 feet, say 400 feet. 

VERTICAL RANGE.—From the Stoneham oil-sand to the Bradford oil-sand (‘‘ third”), 

CoMPOSITION.—Slates and shales, generally of a bluish color, but sometimes inclined to red or brown, interstratified with thin bands 
of bluish-gray micaceous flaggy sandstones. The sand pumpings show this interval to be very fossiliferous. 

Similar difficulties are encountered in estimating the thickness of this group to those mentioned in No. 8. A large number of wells 
have been sunk between Bradford and Warren, but the rocks are so variable in composition and the well records have been so imperfectly 
kept that no completely satisfactory identification of the rocks of the Warren oil group, with their equivalents at Bradford, or of the 
Bradford ‘‘third sand”, with its corresponding stratum at Warren, can yet be made. The interval between the two oil horizons, 
however, appears to be in the neighborhood of 400 feet, as above given. This interval holds the Bradford ‘‘ second sand”, which has 
yielded oil in many of the McKean county wells, and also the sandy shale horizon producing ‘‘slush oil” along the Tuna valley. 


GROUP No. 11. 


BRADFORD THIRD SAND.—Thickness, from 20 to 80 feet. 

ComposITION.—A fine-grained, light to dark brown sandstone, containing pebbles the size of pin-heads in some localities, while in 
others it is little more than a sandy shale. It appears to be rather thin and irregularly bedded, is frequently interstratified with thin 
layers of gray, slaty sandstone, and contains many fossil shells and fish bones. The constitutional peculiarities of the rock, its color, its 
composition, and its structure, insure its ready recognition by the driller in any locality where he may find it in even an approximately 
normal condition. But this rock, like all others, has its geographical limits, outside of which its geological horizon can only be traced 
by the exercise of the greatest of care and the best of judgment in keeping and studying the well records. 

It is seldom, however, that good records of wells on debatable territory are kept. The well-owner always starts the drill on the 
presumption that the oil-rock will be found. He calculates in his own way its approximate depth from the surface, and makes a contract 
to drill so many feet. Confident of success, he urges on the drill, making no particular note of the character of the upper rocks; but 
when the supposed horizon of the sand is reached, and the evidences of its presence do not appear as anticipated, he discovers, too late, 
that he has nothing to check by to ascertain whether the oil-rock is actually wanting or only so changed in character as to be scarcely 
recognizable, or whether there may not have been some mistake in calculating its position in the well. Thus it often happens that wells 
of this class are abandoned after drilling:in doubt for a few days without having been sunk to the proper depth, while others are carried 
on down many feet below the horizon of the sand they are in quest of, and much valuable information is lost which a little prudent 
foresight might have secured. 

The Bradford ‘‘ third sand” may be satisfactorily located in the Wilcox wells, near the southerly line of McKean county. At Tidioute, 
in Warren county, 35 miles nearly due west from these wells, the base of the Venango group is well defined. Between these two points, 
the nearest geographical approximation that can at present be made, both groups evidently undergo rapid and radical changes in 
composition, and the well records are vague and unreliable; hence no absolute determination of the thickness of the mass of shales lying 
between the two groups can here be made. 

Somewhat better facilities are afforded for a study of these measures by carefully tracing the rocks from Tidioute to Warren (15 
miles), and then from Warren to Bradford (25 miles); but even along these lines the structure is so obscure that mistaken identifications 
are quite likely to be made. ‘ 

These facts are stated to explain why there is yet some uncertainty regarding the thickness of the vertical interval between the 
Venango oil group and Bradford “third sand”. The figures cannot differ materially, however, from those given in the vertical section, 
Plate VIII. ) 
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GROUP No. 12. 


INTERVAL BETWEEN THE BRADFORD ‘‘ THIRD SAND” AND THE CORNIFEROUS LIMESTONE, commencing in the Chemung and including 
the Portage and Hamilton groups of the New York geological survey. Thickness, 1,600+ feet. 

CoMPoOSsITION.—In the imperfect records of wells that have been sunk into these measures in various parts of the country we simply 
find recorded ‘‘shales, slates, and soapstone, with occasional sand shells”. The upper part for 200 or 300 feet appears to contain 
considerable sandy material, and some of these sand-beds produce oil along the Tuna valley, in the vicinity of Limestone, Cattaraugus 


county, New York. Below this the drillings show principally slate and soft-mud rocks. Noimportant bands of sandstone and no oil have 
been reported. 


The thickness of this interval must be left questionable for reasons previously stated. We have no means of tracing the corniferous 
limestone south of Fredonia, New York, except approximately by its slope. 


The distance from Fredonia to Bradford is about 48 miles; direction about south 45° east. A dip of 20 feet to the mile would be 
required to place the limestone at Bradford as shown in our section. 


GROUP No. 13. 


THE CORNIFEROUS LIMESTONE, probably shown in the vertical section, Plate VIII, in conjunction with the ONONDAGA LIMESTONE.— 
The composition of this group has already been referred to in the quotations given from Geology of New York, It is the oil-producing 
rock of the Canadian oil regions, but at Fredonia, New York, yields neither oil nor gas. We may not presume, therefore, that it will ever 
be found to be an important oil horizon in Pennsylvania, and even if it should prove to be productive here the great depth at which it 
lies beneath the surface must be a very serious obstacle in the way of its development. (a) 

An illustration of the persistence of the Venango oil group as a geological formation is found in the 

circumstances attending the drilling of well No. 1 by the Brady’s Bend Iron Works Company in 1865. Professor 
J. P. Lesley was asked to give an opinion upon the probable depth at which oil would be reached on their property, 
and as he was familiar with the rocks of that locality, and had made a careful study of their dip and superposition, 
he readily made the computation and reported that “if the Venango sand extended under ground as far as Brady’s 
bend it ought to lie at 1,100 feet beneath water-level”. The well was drilled and struck the oil stratum at 1,120 
feet. 
During 1877 the so-called grasshopper excitement occurred near Titusville, occasioned by the discovery of oil 
in a layer of superficial gravel beneath a sheet of clay. The wells were simple pits or shafts, from which the oil and 
water were pumped. The area was comprised within a few acres, but was quite productive for a time, yielding 
several hundred barrels of oil. The oil evidently arose from deeper sources with water, and accumulated in the 
gravel beneath the impervious crust of clay. 

The geology of the ‘* West Virginia Oil Break” has been recently subjected to a very careful study by F. W. 
Minshall, esq., of Parkersburg, West Virginia. Mr. Minshall has been connected with the petroleum industry 
of this region for many years, and has carefully collated the records of many wells located along the line of 
development in Ohio and West Virginia. His sections are considered accurate by those most familiar with the 
facts and best qualified to judge of their value, and are found to conform strictly to such observations as I was able 
to make during a hurried trip through the region. I introduce here in illustration a series of sections compiled 
and drawn by Mr. Minshall and generously placed at my disposal for use in this report. The section on Plate iii 
extends along the axis of the anticlinal from the Ohio river opposite Newport, in Washington county, Ohio, to the 
Little Kanawha river, in Wirt county, West Virginia. Section 1 on Plate IV crosses section on Plate III at a point 
on or near the Ohio river in Washington county, Ohio. Section 2, Plate IV, crosses section on Plate II at 
Horseneck, Pleasants county, West Virginia. Section 3, Plate IV, crosses section on Plate III on the line of the 
Baltimore and Ohio railroad from Laurel Fork Junction to Petroleum, Wood county, West Virginia. Plate V is 
a vertical section of the rocks yielding petroleum along the anticlinal. Map IV shows the territory that has 
produced oil in the White Oak district which lies along the anticlinal between Goose creek and Walker’s creek, 
Wood county, West Virginia. 

The following description of the occurrence of the formations along the line of the White Oak anticlinal is 
taken from a series of articles published by Mr. Minshall in the summer of 1881 in the State Journal at Parkersburg, 
West Virginia: 


In Wood, Pleasants, Ritchie, and Wirt counties the rocks, from the river level to the tops of the hills, belong to the upper barren 
measures, excepting only the line of territory known as the ‘‘oil break”, which passes through these counties. Although we are very 
nearly in the center of the great Allegheny coal basin, we have no workable veins of coal above drainage in the above-named counties. 
The Allegheny basin is a veritable basin in form, which not only contains many valuable veins of coal, ore, and potter’s clay, but also 
vast quantities of natural gas, petroleum, and brine. 

On account of our situation near the center of the Allegheny basin, all the riaceal wealth of its rocks is sunk beneath the river 
level. Here at Parkersburg, barely above the river, may be seen a thin vein of coal with an underlying vein of gray limestone. This 
we will call coal No. 11, and take it for our dividing line between the upper barren and upper productive coal measures. From the river to 
the top of fort Boreman, at the mouth of the Little Kanawha, we have an exposure of about 300 feet of the upper barrens. Examining 
them in detail, we will find them composed of alternate layers of red shale and compact, fine-grained sand rocks. The sand rock is of 
considerable value as a building-stone, being the same ledge as that which is extensively quarried between Belpre and Harmar, some 
parts of it furnishing grindstone grit and others the ‘‘Constitution” building-stone. 

If, commencing at our coal No. 11 (see Plate V), we should sink a well, we would pass through the following strata: At about 150 , 
feet we would reach the level of coal No. 10, the first vein of the upper productive measures, which has a thickness of from 4 to 6 feet 
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on Duck creek, in Washington county, Ohio ; at 250 feet we should find coal No. 9, the limestone vein of Duck creek, and the equivalent 
of the Sewickly vein of Pennsylvania; at 350 feet we should pass the level of coal No. 8, the Federal creek vein of Athens county, Ohio, 
and the Pittsburgh vein of Pennsylvania, which is the last vein of the upper productive coal measures. 

We next pass through the red and variegated shales of the lower barren measures, until at 500 feet we reach the crinoidal limestone. 
At 600 feet we will pass into a soft, pebbly sand rock, the first oil-rock of Cow run, Ohio; at 700 feet we should strike a hard, black, flinty 
limestone, several feet of very black shale, with white fossil shells and coal No. 7; at 730 feet, coal No, 6; at 800 feet, coal No. 5; at 850 
feet another cherty limestone, probably the ‘‘ Putnam hill” of the Ohio survey; at 880 feet, coal No. 4; at 900 feet we find another soft 
pebbly sand rock, the second oil-rock of Cow run, Ohio; at 1,000 feet, coal No. 3; at 1,070 feet, coal No. 2; at 1,200 feet coal No. 1; and 
at 1,300 feet, the top of the carboniferous conglomerate—the oil-rock of Lick fork and Tate run, in the White Oak district. (a) 

These are the rocks through which we ought to pass in our Parkersburg wells. This prediction is based upon the fact that the uplift 
of the ‘‘oil break” brings this whole series of rocks above the level of the Ohio river in such a way that any one can examine them at his 
leisure and verify the intervals for himself. 

Going back to our coal No. 11, with its underlying gray limestone, we will cross over into Ohio and trace it up the river on that side. 
At Marietta we find it coming up from the bed of the Muskingum near the ‘‘Children’s Home”. Keeping back from the Ohio river about 
two miles we see it in the bed of Duck creek at the old Robinson mill, in the bed of the little Muskingum at the mouth of Long run. 
We find very little change in the level of the stratum we are tracing till we are opposite the mouth of Cow creek. Here we find it 
gradually rising higher above the river as we go up the Ohio until, at the mouth of Newell run, on the Ohio side, we find it at the summit — 
of the hill. Since it is evident that a farther rise will take it away from us, we must take our barometer and measure down the hill to 
coal No. 10; but instead of the 6-foot vein of Duck creek, we have here barely 2 feet; in fact, this vein thins rapidly southward from the 
maximum thickness at the upper line of Washington county, Ohio. 

Having at the mouth of Newell’s run substituted coal No. 10 for No. 11, we will go a little farther east until, opposite the mouth of 
French creek, we find coal No.10 on the summit of mount Dudley. On mount Dudley we are standing on the axis of the anticlinal 
called the West Virginia oil break. Measuring down the face of the hill 100 feet from coal No. 10, we find coal No. 9, the limestone vein. 
Measuring again from coal No.9 down the hill about 100 feet, we will find the proper horizon of coal No. 8, the Pittsburgh vein of 
Pennsylvania and the Pomeroy vein of Ohio. It is true that we will not succeed in finding any coal at this point; the overlying sand 
rock, a little fire-clay, and the underlying gray limestone are all we can find here; but before reaching the end of our journey we will 
find the coal putting in an appearance. The horizon of this vein is exposed from the Ohio river to the Little Kanawha along the axis ot 
this anticlinal for a distance of about 30 miles, in which distance the coal increases from nothing to 20 inches. Measuring down from No. 
8,150 feet, we will find the crinoidal limestone of the lower barren measures lying about 40 feet above low-water mark. To show that. 
we are upon the axis of the anticlinal, we will trace the limestone eastward along the face of the hill. For about a quarter of a mile we 
will find it running level, then dipping gradually to the east, until it disappears beneath the river. Returning, we trace it westward, 
and, after running level for the same distance, it dips to the west and goes under the river. At no other point in Washington county can 
this limestone be seen. (See Section 1, Plate IV.) 

Having thus satisfied ourselves that we have reached the axis of ‘‘ the break”, our purpose is to follow this axis to the point where 
it crosses the Little Kanawha above Burning Springs, West Virginia. 

Starting out from mount Dudley (see Plate III), we bear several degrees west of south, cross the Ohio a little below French creek, 
in Pleasants county, cross McElroy run at Ned Hammett’s, and strike the north hillside of Cow creek near the residence of Hugh 
McTaggart, esq. In a hollow north of the house, and about on a level with it, we find the crinoidal limestone. Continuing our course, 
but bearing more nearly south, we cross Cow creek below the old ‘‘ Willard” mill, the head of Calf creek, near William Nash’s, and reach 
a high point on the north side of Horseneck. Onthe very summit, by searching carefully, we will find, as though it had been placed there 
for our especial benefit, the crinoidal limestone about 580 feet above the river. To satisfy ourselves that the anticlinal maintains its form, 
and that we are still upon its axis, we trace the limestone westward till it dips beneath the bed of Calf creek, near the new school-house, 
and eastward into the bed of Sled fork of Cow creek; and we notice that the dip is getting steeper on the sides as the axis rises, but no signs of 
faulting or displacement of the strata are to be found. (See Section 2, Plate IV.) Our crinoidal limestone, which was 500 feet below the 
river at Parkersburg, is now 580 feet above, having risen 1,080 feet, and, like coal No. 11, having reached the summit of the highest hills, 
will soon be beyond our reachif the axiscontinnestorise. We willtherefore take the precaution to measure down tosome of the lower strata. 
One hundred feet below the crinoidal lime we find another massive sand rock similar to the one which lies over coal No.10. Like that, it 
is a true conglomerate, with layers of quartz pebbles somewhat similar and whiter than those of No.10. It is the first oil-sand of Cow 
run and Macksburg, in Washington county, of Buck run, in Morgan county, and of Federal creek, in Athens county, Ohio, easily identified 
by the interval being about 100 feet in all of the above-named places. At its outcrop at the head of Calf creek it forms a bold ledge, which 
at one point is broken into huge cubical blocks of about 30 feet in thickness, forming a ‘‘ rock city ” similar to the one near Olean, in New 
York. 

Below this sand rock, and about 200 feet below the crinoidal lime, we find coal No.7. Although the coal is only 18 inches thick, this 
vein becomes interesting because of its surroundings. Just over the coal is a stratum of very black shale, about 10 feet thick, filled with 
fossil shells. Over the shells is a black, flinty limestone, which we will find increasing in thickness southward until it becomes the well- 
known flint vein of Hughes river and Flint run. 

From Horseneck we resume our course, crossing Bull creek near the celebrated mineral well of Judge Borland, In the bed of the 
run, a short distance above Judge Borland’s well, we find the crinoidal limestone. Careful inspection shows us that we are still following 
the axis of the anticlinal, and that it has come down on the south of Horseneck even more rapidly than it had risen on the north. This 
will, when examined, prove to be a regular dip along the axial line, without any indications of faulting, and the dip continues until the 
gray limestone of No. 8 is brought down to the bed of the run; then the dip is suddenly reversed, and the axis rises again to the 
southward. From this point to Sand hill, on Walker’s creek, the rise is very rapid, bringing to the surface in regular succession the 
rocks above described down to the yellow limestone. This we follow in its upward course till it reaches the top of the high point near 
the Saint Ronan wells of White Oak district. Looking around us from this vantage-ground we will notice that although the distant hills 
preserve their graceful outlines the surrounding hills are mostly cone-shaped peaks, bristling with an unnatural kind of timber, the rig 
timber of the oil-seeker. In prosperous times, when clouds of smoke were pouring forth from hundreds of sooty craters and the clang of 
tools rivaled the din of old Vulcan and his cyclopic helpers, some genius, in a moment of inspiration, christened the place Volcano. 

On the top of the high peak near Saint Ronan’s well we will examine the limestone, which lies within 25 feet of the summit. We 
have assumed this vein to be the equivalent of the ‘‘ Putnam hill” vein of the Ohio survey; it is also the only vein we will find which 
might be taken to represent the ‘“‘ Ferriferous limestone” of Pennsylvania; it lies here a few feet above coal No. 4. Examining the 
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structure of the vein, we find thatit is deposited in large, round bowlders, from one to three feet in diameter. The upper layers are 
heavily charged with iron, showing, when exposed to the weather, a very rusty yellow. A peculiar feature of the ore-bearing bowlders is 
their formation in regular concentric layers. If one of them be broken through the center you may see, from center to circumference, the 
rings as regular as the rings of a cross-section of a tree. As the bowlder becomes oxidized these rings peel off successively, leaving its form 
unchanged. The identification of this vein as the equivalent of the ‘Ferriferous” would be of great value to us for the purpose of 
comparing the geological level of our oil-bearing rocks with those of Pennsylvania. 

Resuming our measurements from this limestone downward we will find, 30 feet below it, coal No. 4; 160 feet below the lime, coal 
No. 3; and 230 feet below the lime, coal No. 2. With this vein is a hard, black slate, about a foot thick, which is always piled in masses 
around the mouth of the mine, and is sometimes called ‘ bone-coal”. These measurements can be made to the best advantage by going 
down the south side of the hill into the hollow on the Saint Ronan lease, in which coal No. 2 is mined, all the points of exposure being on 
the central axis and as nearly vertical as is possible to find them. 

In order to get a good exposure of the limestone for examination, we came beyond the highest point in the axial line. We will 
therefore retrace our steps for about a mile northward. ‘This will bring us to ‘‘Sand hill”. Here we find coal No. 2 about 170 feet above 
Walker’s creek, and the horizon of coal No. 1 about 40 feet above the bed of the stream. In lieu of coal we shall have to content ourselves 
with the thick bed of fire-clay, which is a persistent accompaniment of it in Ohio. Assuming the bed of Walker’s creek at this point to 
be 250 feet above the level of the Ohio river, we have, from the river level up to coal No. 1, 290 feet, plus interval from coal No. 1 to yellow 
limestone, 360 feet, plus interval from yellow lime to crinoidal lime, 350 feet, plus interval from crinoidal lime to coal No. 11, 350 feet, 
equal to 1,500 feet, the total amount of uplift to the highest point. Add to this 500 feet of the upper barren measures, which may be seen 
in the surrounding hills, and deduct the 250 feet which lie below the bed of Walker’s creek, and we have 1,750 feet of coal-measure rocks 
fairly exposed within an area of a few miles, which any student of geology may study at his leisure. 

We will now go back to Sand hill and resume our journey seuthward (see Map IV). Crossing White Oak fork of Walker’s 
creek above Volcano, we keep along the ridge, with Coal Bank run and Rogers gulch on our right and Oil Spring run, with its branches, 
‘on our left, till we come to the dividing ridge between Lick fork and Tate run; here we halt and look around us. From Sand hill to this 
point we have passed through the center of the White Oak producing territory, a strip along the central axis of the break about four 
miles long and one mile wide, on which there are something like 600 wells now working. The southern end, at which we have stopped, 
is now the busiest part. 

Glancing down at our feet we will see that we are standing upon a soft, yellow sand, filled with pebbles about the size of a pea; 
some of them have a delicate blue tinge, but most of them are of a very clear white, almost translucent. This is the second oil-sand of 
Cow run, Ohio, from which a single well has produced $200,000 worth of oil. 

* * # * * * * * * 

Here there is just as much attention paid to the oil-rock proper as in any other territory. The only peculiar feature about the 
territory is the fact of its being located on the crest of a well-marked anticlinal, and whether you will find an accumulation of gas, oil, 
or water in the rock depends upon the comparative level of the point at which you strike a fissure. The statement which Professor 
Stevenson makes concerning the form of the ‘‘ break” at Hughes’ river along the Staunton pike is accurate and true for the whole length 
of the line; ‘‘there is no evidence of faulting on either side. Thesuccession from the inner portion of the abruptly-tilted strata outward 
to the horizontal strata is unbroken and perfectly clear. Within the ‘break’ the rocks are almost horizontal and not much broken. 
They describe a flattened anticlinal”. That this statement is true of the most disturbed portion of the whole line we may see for 
ourselves, Starting from the point at which we halted, we will go down on to Lick fork. From this point the stream runs nearly west 
to its junction with Laurel fork. About 40 feet above the bed of the stream we will find coal No. 2 lying horizontal. Following it 
westward down the run, we find that it soon begins to dip gradually, and in the course of a few rods comes down to the bed of the stream. 
Just before it disappears we see that it is beginning to dip at a much steeper angle, but shows no displacement. As we continue down 
the stream we find that we are passing over the upturned edges of the strata, but everything is in its proper place. Coal No. 3, the 
pebbly sand-rock that lies above it, the yellow limestone, the black flint, the crinoidal limestone, and the gray limestone of the Pittsburgh 
vein, each is seen in its legitimate position, the intervals being comparatively the same as when we measured them vertically. Laurel 
fork, from the mouth of the Lick fork to the Baltimore and Ohio railroad, runs very nearly parallel with the axis of the break. Placing 
the compass upon the upturned edge of the crinoidal limestone, where it is exposed in the bed of the run, we see that it runs straight as 
aline 8. 10° W. Being only 18 inches in thickness, it serves us admirably as an indicator of the course of the break. The black flint 
and the gray limestone, when tried by the compass, show the same course. From the mouth of Lick fork to the railroad this gray 
limestone of the upper productive coal group may be traced. Standing almost vertically, it crosses the railroad in the bed of the stream 
between Laurel junction and the first cut to the west. In this cut the double vein of coal No. 9 of the upper measures shows dipping 
at a sharp angle to the west. At the west end of this cut the dip becomes more gradual, but continues until the rocks of the upper coal 
group, including our No, 11, are brought down to the level of the railroad. If we should go eastward from Laurel junction to Petroleum 
we should find the same state of facts existing that we have just enumerated ; in the beds of Oil Spring run and Goose creek all of our 
well-known rocks, from coal No. 2 to coal No. 11, dipping to the east complete the symmetry of the anticlinal. (See Section 3, Plate IV.) 

From the head of Lick fork the axis of the break commences to dip southward. Following the axial line we cross the northwestern 
branch of the Baltimore and Ohio railroad about midway between Laurel junction and Petroleum, cross the head of Ellis run and along 
Dry ridge to William Sharpneck’s, on the north side of Hughes’ river. Near the school-house on Dry ridge may be seen a fine exposure 
of the crinoidal limestone, here 350 feet above the bed of Hughes’ river, showing a southern declination of about 580 feet between this 
point and the highest point of the axis at Sand Hill. About 200 feet below the crinoidal limestone is the flint vein. The same black 
shale, filled with white fossil shells, that underlies it at Horseneck is found here, affording a sure means of identification. 

Resuming our journey southward, we cross Hughes’ river near the old Walton Wait well, climb the steep hill on the south side, and 
keep along the ridge with the waters of Island run on the west and of Flint run on the east, until we come to the head of Wilson’s branch 
of Parish fork. From Dry ridge to this point we find the crinoidal limestone lying about level; from this point it commences to dip 
southward. We follow the course of Wilson’s branch down to within a few rods of the old Parmenter well, then over the ridge, cross 
Parish fork above the residence of Mr. Fred. Bailey, cross oil-rock near the old ‘‘ Orchard” well and the main branch of Standing Stone creek 
at the Fisher farm. Here we find the crinoidal limestone just 30 feet above the bed of the creek. Total southern dip from Sand hill to 
Standing Stone, 850 feet. The dip has now been sufficient to bring the soft pebbly sandstone which lies over coal No. 10 into the hills. 
Going westward down the creek, we may see this ledge of rock, about 40 feet thick, rnanning like a wall from the bed of the stream to the 
top of the hill. 

At Standing Stone the south dipis reversed and the axis rises. Following the line, we cross Dever’s fork at David Dever’s, where 
we find the crinoidal limestone 150 feet higher than at the Fisher farm. Continuing our course, we cross the head of Chestnut run, keep 
along the ridge with the headwaters of Upper Burning Spring run to the east and Nettle run to the west of us, and strike Lower Burning 
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Spring run near the Newberger and Braidon well. Here we find the crinoidal limestone 125 feet above the Little Kanawha river, making 
800 feet in geological level between this point and the head of Walker’s creek at Sand hill. The bed of the stream at Walker’s creek being 
200 feet higher than the bed of the Little Kanawha makes the difference in drilling for any given rock about 600 feet. * * * 

At Burning Springs the axis again commences to dip southward, and at the point where it crosses the Little Kanawha, a short distance 
above the mouth of Spring creek, the crinoidal limestone is 60 feet below the bed of the river. 

Our investigation shows that the White Oak anticlinal or ‘‘oil break” is a fold or wrinkle in the bottom of the great trough called 
the ‘‘Allegheny coal basin”, extending from a point about 4 miles north of the Ohio river to a point about the same distance south of the 
Little Kanawha at Burning Springs; that there are undulations in the axial line which divide the line into three sections, which, had there 
been no erosion of the surface, would have presented three peaks of different altitudes; that of Horseneck would have been about 500 feet 
higher than that of Burning Springs, and that of White Oak about 300 feet higher than that of Horseneck, and the summit of the White Oak 
peak would have been about 2,000 feet above the level of the Ohio river. Under each of these peaks the rocks lie in the form of a table, 
say four miles long and from three-fourths to one mile wide. From the ends and sides of these tables the rocks dip at certain angles. 
Taken as a whole, the rocks form inverted basins, with flat bottoms and sloping sides. In these inverted basins nature for thousands of 
years had been collecting gases as the chemist collects them in inverted bottles over the pneumatic cistern. At Burning Springs the 
accumulation of gas became so large that it forced its way through the fissures of the overlying rocks to the surface, forming a natural 
gas-spring, which often became ignited and burned for days on the surface of the water through which it was escaping. 

All of the work done in this region prior to 1864 was done without recognizing the fact that the territory was confined to the crest 
of an anticlinal, and large sums of money were expended in the purchase of territory and drilling of wells along the margins of other 
streams inthe neighborhood. The operators also remained ignorant of the fact that two of the producing rocks of White Oak lay beneath 
the conglomerate. The escape of the gas at the summit of the other inverted basins drew the attention of operators to Horseneck and 
White Oak (from Burning Springs). Aboutthe year 1865 General A. J. Warner and Professor E. B. Andrews, of Marietta, became interested in 
White Oak territory, and these gentlemen soon began to draw geological inferences which led to an abandonment of the old policy of following 
the beds of the streams and to a recognition of the fact that the oil was confined to the crest of an anticlinal ; hence the White Oak section, and 
that alone, has been thoroughly and systematically worked. After it had been clearly recognized that the oil territory was confined to*the 
crest of the anticlinal, it was somewhat hastily inferred that the crest would be valuable territory for its entire length, and many test 
wells were drilled on the strength of this inference. These test wells showed such a large percentage of failures that, three years ago, the 
writer undertook to account for them by making a careful level along the entire length of the axis. The undulations of the rocks shown 
by the profile (Plate IIL), taken in connection with the known laws of hydrostatic pressure, satisfactorily account for the failures, and — 
show that part of the crest of the anticlinal is filled with an accumulation of water, and also what part must contain the accumulation of 
oil and gas. 

Taking into consideration our position in the trough of the Allegheny basin, and the fact that on all sides of us the conglomerate is 
filled with brine, as on the Allegheny river above, at Pomeroy and Charleston below, on the Big Muskingum to the west, and the head 
of the Little Kanawha to the east, at all of which points il lies at a higher level than it does in the counties through which we have passed, 
we may safely conclude that the productive oil territory of West Virginia must be confined to the summit of the anticlinals or local rolls 
similar to the White Oak line. 

The question has been raised by some of the Pennsylvania geologists as to whether rocks lying below sea-level can be expected to 
contain an accumulation of oil. In 1878 the writer drilled a well at Dexter, Noble county, Ohio, in which he struck a sand-rock about 
700 feet below sea-level, containing a large accumulation of dry gas, and in the succeeding year George Rice, esq., obtained at Macksburg, 
Ohio, a flowing well from the same rock at the same level. The writer’s well at Dever’s fork, in Wirt county, also contains a large 
accumulation of gas and some oil in the Vespertine sandstone 300 feet below sea-level. This question is mentioned here because all of 


the Pennsylvania oil-bearing sands, if here at all, would lie several hundred feet below tide-water, even on the crest of our White Oak 
anticlinal. 


CONCLUSIONS. 


i have quoted Mr. Minshall’s work in great detail, and have introduced all of his sections, for the purpose of 
showing the facts from which his conclusions have been drawn. His facts were ascertained after many a mile of 
tramping and careful barometrical measurement; a work far more laborious and valuable than that of collating 
the records of wells, which, though sometimes correct, are more often defective through ignorance or inattention. 
Mr. Carll has tramped over the hills and through the forests of northwestern Pennsylvania to gain personal 
knowledge of the region, and his work has high value in the eyes of the oil producers. Both Mr. Minshall and 
Mr. Carll have learned the geology of petroleum at the edge of the drill, barometer in hand, both of them seeing 
and handling what they: describe. 

Assuming that Messrs. Hunt, Carll, and Minshall have observed correctly and stated their observations 
correctly, petroleum occurs in crevices only to a limited and unimportant extent. It occurs saturating porous strata 
and overlying superficial gravels; it occurs beneath the crowns of anticlinals in Canada and West Virginia, and 
does not occurin Pennsylvania; but in the latter region it occurs saturating the porous portions of formations that 
lie far beneath the influence of the superficial erosion, like sand-bars in a flowing stream or detritus on a beach. 
These formations or deposits, taken as whole members of the geological series, lie conformably with the inclosing 
rocks, and slope gently toward the southwest. The Bradford field in particular resembles a sheet of coarse-grained 
sandstone, 100 square miles in extent by from 20 to 80 feet deep, lying with its southwestern edge deepest and 
submerged in salt water and its northeastern edge highest and filled with gas under an extremely high 
pressure. 

It is further to be concluded that, from whatever source the petroleum may have originally issued, it now 
saturates porous strata, not of any particular geological age, but runs through a vast accumulation of sediments 
from the oldest to the newest rocks, in Pennsylvania and West Virginia embracing all of the rocks between the 
Lower Devonian and the Upper Carboniferous. 
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CHAPTER IV.—THE CHEMISTRY OF PETROLEUM. 


SECTION 1.—THE CHEMISTRY OF CRUDE PETROLEUM. 


‘The wide distribution of bitumen in nature has already been noticed. As early as 1823 the Hon. George Knox 
called attention to its prevalence in rocks and minerals, and showed that, along with lithia and fluorine, it had been 
overlooked in their analyses. (a) The following year Vauquelin published a notice, with an analysis of the bitumen 
contained in the sulphur of Sicily.(b) In 1837 Boussingault published the results of an examination of the bitumen 
of Pechelbronn and other bitumens of southern Europe, which for many years was considered a classic upon the 
subject. (¢) In 1853, Dr. C. Vélekel examined the asphalt of the Val de Travers. (d) These analyses of solid 
bitumens were mainly attempts to determine the constitution of these materials by ultimate analysis, and were 
very valuable at the time they were made. 

The first research upon fluid bitumen or petroleum was made by Vauquelin in 1817 upon the naphtha of 
Amiano, which at that time was used in street lamps in the small towns of the duchy of Parma. (e) In 1857, 
Engelbach examined the petroleum sand of the Luneberger heath, in Holstein, which has lately been attracting 
so much attention; (f/) and Warren de la Rue and Hugo Miller worked on several tons of Rangoon tar or Burmese 
petroleum, and distilled the oil with steam at 100° C. and with steam superheated to 200° C., and examined the 
distillate. (q) ¥ 

American petroleum was examined by Professor Benjamin Silliman, sen., in 1833, (hk) and by Professor B. 
Silliman, jr., in 1855, who published his results in his celebrated report on the petroleum of Venango county. (¢) 
Since petroleum became an article of commerce innumerable examinations from all parts of the world have 
been made for technical purposes. These examinations have been chiefly made with reference to determining the 
amount of distillate available for illuminating purposes. In the earlier period of, the commercial production 
it was assumed that petroleums from different localities were identical, except in specific gravity, and that 
therefore the distillate of the same specific gravity possessed the same properties. Professor B. Silliman, jr., 
and myself examined the petroleums of California;(j) H. St. Claire Deville and others those of Java, 
Pennsylvania, and Russia; (k) Raveset examined Trinidad pitch, (/) Waller the petroleum of Santo Domingo, (m) 
and Silvestri the petroleum-like constituents of the lavas of Etna.(n) The distillations essential to these analyses 
were often conducted in an ordinary glass retort, or with an alembic. Of the two, the alembic is very much to be 
preferred, as its use prevents the cracking of the oils. In 1868 Dr. H. Letheby contrived an apparatus for this 
purpose, which is described in the London Journal of Gas Lighting, xii, 653. In 1866 Dr. John Attfield published 
a description of another, (0) and the following year I described an apparatus of my own invention for the technical 
analysis of petroleums or solid bitumens, either with or without pressure. (p) 

The ultimate analysis of petroleum early showed it to consist of carbon and hydrogen. It was for a long time 
assumed that crude petroleum contained an equal number of atoms of these elements, but my own examination of 
Californian and other petroleums in 1867 and 1868 (q) showed that the first named variety contained from 0.5645 
to 1.1095 per cent. of nitrogen; that Mecca (Ohio) oil contained 0.230 per cent., and oil from the Cumberland 
well, West Virginia, 0.54 per cent. of the same element. Determinations of the hydrogen and carbon in several 
samples of petroleum showed that the proportion of carbon increases with the density. The following table shows 
the percentage of composition of the several different varieties: (r) 
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Hydrogen. Carbon. Nitrogen. 
Sioconwelluaw Estavarginiad, eseesscwecos eee cciassccssss6 as 12. 929 86; 622 silesee oatciexate® ore 
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a Phil. Trans., 1823; Phil. Jour., ix, 403; A. J.S. (1), xii, 147. k L’A. 8. et Ind., 1871, 146. 
b Ann. de Chim. et de Phys. (2), xxv, 50. U Jour. de VE. au gas, 1872; A. Chem., ii, 316. 
c Ibid., lxiv, 41; New Ed. Phil. Jour., 1837. ; m Am. Chem., ii, 220. 
d Ann. der Chem. u. Pharm., 1xxxvii, 139. , nm Gaz. Chim, Ital., vii, 1. 
e Ann. de Chim. et de Phys. (2), iv, 314. o Chem. News, xiv, 98. : 
f Ann. der Chem. u. Pharm., ciii, 1. p A.J. 8. (2), xliv, 230; C. N., xvi, 199. 
g Phil. Mag. (4), xiii, 512. q Rep. Geo. Surv. Cal.: Geology, II, Appendix, pp. 84, 89. 
h Am. Jour. Sci. (1), xxiii, 97. r Ibid., p. 89; Am. Chem., vii, 327. The methods of analysis 
i Am. C., ii, 18. used to meet the peculiar difficulties presented by these 
jg A.J. 8. (2), xxxix, 341}; (2), L, xliti, 242;.C. N.; xvii,.257; substances is fully described in both the works referred 
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Delesse notes 0.154 per cent. of nitrogen in elalerite and 0.256 per cent. in the bitumen from the pitch lake 
of Trinidad. (a) 

O. Hesse has shown the presence of sulphur in Syrian and American asphalt to the amount of 8.78 and 10.85 
per cent., respectively, and one sample of California petroleum examined by myself contained a sufficient amount 
of sulphur to form a deposit in the neck of the retort. Itis well known that Canada petroleum contains sulphur, 
but the Pennsylvania and West Virginia oils are remarkably free from it. A qualitative test for sulphur in 
petroleum is described on page 181. An oil is described from the Kirghish steppe said to contain 1.87 per cent. 
ot sulphur and to be purified with great difficulty. According to Mr. John Tunbridge, gold may be found in the 
ashes of crude petroleum and in the refuse of petroleum stills, and he is reported to have extracted $34 worth of gold 
from a ton of residuum, the source of which is not given. (b) 

In general, it may be stated that the ultimate analysis of petroleum shows it to consist of carbon and hydrogen, 
with a very small proportion, in some instances, of nitrogen, sulphur, and perhaps oxygen. Metallic arsenic is said 
to condense in the goose-neck of the retorts in which the bituminous limestones of Lobsan are distilled. (¢) 


SECTION 2.—THE PROXIMATE ANALYSIS OF PETROLEUM. 


In 1824 Reichenbach published his researches upon paraffine and eupion, (d) and ten years later published a 
paper upon petroleum or rock-oil; (e) and he appears to have been the first chemist who attempted a separation of 
the definite chemical compounds that are mixed together in petroleum and similar liquids. Further attempts were 
made at their separation by Laurent, (7) but, as might be expected, they were only partially successful, as the eupion 
and other liquids obtained by Reichenbach and Laurent were for the most part mixtures still. 

In 1863 Schorlemmer, in England, and Pelouze and Cahours, in France, published researches upon American 
petroleum, which were really the first successful attempts to isolate any number of the constituents of this complex 
mixture of substances. Schorlemmer showed that American petroleum contained in the portion boiling below 
120° C, the same hydrides as are obtained from the distillate from cannel coal, (g) but Pelouze and Cahours determined 
American petroleum to consist of the homologues of marsh-gas. The lowest determined by them was hydride of 
butyl, CgHyo, which boils a little above 0°C., while the highest had a composition of CyH;. They considered 
paraffine a mixture of still higher terms, and regarded the small quantity of benzole and toluole alleged to have 
been obtained by Schorlemmer to have been due to destructive distillation of the petroleum. (h) 

At the same time that the researches just mentioned were being carried on in Europe, C. M. Warren, alone and 
associated with F. H. Storer, was engaged on a similar research in this country.(i) The results obtained by them 
were published in 1865 and 1866, and while in the main confirmatory of those previously obtained, they were in many 
respects superior in point of definiteness and accuracy, from the fact that Warren used an apparatus for 
separating his material greatly superior to any hitherto employed. (j) In discussing the identity of the 
compounds obtained by himself and MM. Pelouze and Cahours, Warren remarks that he considers vapor density 
and analysis as corroborative evidence with boiling point; but aside from such evidence, he regards the superiority 
of his process of distillation as a paramount means of securing pure products for analysis, and therefore entitled 
to great consideration. (k) 

Warren succeeded in isolating fourteen different liquids in quantities of several hundred cubic centimeters, 
and so pure that the whole quantity might be distilled from an ordinary tubulated retort within a range of 
temperature of 1° C. He was consequently enabled to determine their boiling points with great accuracy, and 
hence the difference in their boiling points, to analyze them and‘ determine their vapor density and establish their 
formule. The composition assigned by him to the fourteen compounds is given in the following table: 
































FIRST SERIES. SECOND SERIES. THIRD SERIES (not completed). 
Formula. anee Formula. aoe Formula. erg 
Degrees. Degrees. Degrees. 
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i 
a Del Azote et des Matiéres dans l’ Ecorce Terrestre. f Ann. Chim. et de Phys. (2), xiv, 321. 
Paris, 1861, pp. 172, 173. g Proc. Manchester Phil. Soc., March 11, 1863; A. J. 8. (2), xxxvi, 115. 

Did midis Ley CLR Ls Os h Ann. C. et P. (4), i, 5. 
c Ann. des Mines (4), xix, 669. i Mem. Am. Acad., N.S., ix; Am. J. Sci. (2), xl and xli. 
d P, Mag. (2), i, 402. j Mem. Am. Acad., N.§., ix, 121; A. J. 8. (2), xxxix, 327. 
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I have changed the atomic value of 12 given in Warren’s memoir to that of carbon=6, as at present used, in 
order that these formule may be more readily compared with others. Warren does not give the specific gravity of 
his compounds, nor does he give any hint regarding the relative proportions of these compounds in crude petroleum, 
and his work was qualitative as regards the crude oil. Messrs. Warren and Storer also examined Rangoon petroleum, 
with the following result: 
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Also, probably, pelargonene = CoHjs, boiling at about 155°, and members of one or both the series of hydrides (from American 
petroleum), it being a fair presumption that we have had in our hands hydrides of cnanthyl (C;Hig), of capryl (CsHis), and of pelargonyl 
(CyHo.). Our experiments also indicate the probable presence of xylole and isocumole. (a) 


The latter, with naphthaline, are found in coal-tar. 

It will be noted that these researches were had only upon the more volatile portions of the petroleum, without 
regard to the more dense portions with high boiling points, and that they established the fact that the more 
volatile portion of American petroleum contained principally the homologues of marsh-gas, with the general formula 
C,Hon42, and also the homologues of olefiant gas, with the general formula C,H>,, and that the corresponding 
portion of Rangoon petroleum contained principally the homologues of olefiant gas, the benzole series, and probably 
some of the higher members of the marsh-gas series. 

An examination of paraffine and its chemical relations showed that it was one of the higher homologues of 
marsh-gas, hence the English chemists have called the whole series paraffines, including the solid, liquid, and 
gaseous members. 

During 1865 E. Ronalds isolated butyl hydride from American petroleum and described it as a liquid with a 
specific gravity of 0.600 at 32° F.; vapor density, 2.11, colorless, and of a sweet taste and agreeable odor. Alcohol 
of 98 per cent. dissolves from eleven to twelve times its volume. (Db) The same year Tuttschew discovered the 
homologues of olefiant gas (C,H,,) in illuminating oil from Galician petroleum. (c) 

Since 1865 up to 1880 the paraffines of American petroleum have been the subject of a vast amount of research, 
particularly by English chemists. Goldstein, (d) Stenhouse,(e) Odling, (7) Herman, (g) Morgan, and Schorlemmer (h) 
have all contributed to the mass of knowledge relating to this subject that is now the possession of chemists. 
Pre-eminent, however, among these investigators is the name of Schorlemmer; but it would be impossible to give 
here a résumé of his results that would be understood by the general reader ; in fact, many of his most elaborate 
researches are of a purely scientific nature. His numerous papers will be found in the Philosophie Transactions and 
the Journal of the Chemical Society. 

Very little has been done upon Canadian petroleum. Schorlemmer has shown that the benzole series is 
present in it.(?) Russian petroleum has been examined by Beilstein and Kurbatow(j), and they found that the more 
volatile products of Caucasian petroleum consist of the additive compounds of the benzole series, having a higher 
specific gravity for the same boiling point than the compounds constituting American petroleum and containing 
more carbon. Further experiments, undertaken to ascertain if American petroleum contained these bodies in 
small proportion, yielded negative results, all of the derived compounds showing the presence of the alcohol 
radicals (C,H»,,2), and not of benzole or its additive compounds. The relation which these additive compounds 
sustain to benzole may be inferred from the following formule: 


SGI ZO Ge oiatieiy eee cee <orciac kieces cece cs ae else CeHe Hexahydro benzole=: 332 s4s.2--.soasneleseises Coie 
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Schiitzenberger and Jonine having also examined Caucasian petroleum, (k) found a notable fraction of the 
light oil to consist of the isomers of ethylene (C,,H2,). Their results confirm in a general way those obtained by 
MM. Beilstein and Kurbatow. 

The liquids which form the heavier portions of petroleum, from which paraffine crystallizes, have not as yet 
been very fully examined. For some time it was questioned whether paraffine was a constituent of Pennsylvania 
petroleum, and those who maintained that it was not accounted for the fact that it sometimes crystallized from crude 
petroleum by assuming that such petroleum had been heated since it escaped from the wells. The phenomena 
attending the occurrence of petroleum in the Bradford district has, however, removed this question from all future 








a Mem. Am, Acad., ix. g Rep. B.A. A.S., 1875. 
b J. C. Soe. (2), iii, 54; Bul. de la S. Chim., 1866, 135. h J.C. Soc., xxviii, SOL. + © 
c Jour. f. Prak. Chem., xciii, 394; Bul. de la S. Chim. 1865, ii, 229. i C.N., xi, 255; Trans. Roy. Soc. (5), xiv, 168. 
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e B.S. C. de P., 1878, 189; Ann. der Chem., clxxxviii, 249. k B. D. C. G. B., 1880, 2428; Bul. S. C. P., 1880-2, 673. 
f Proc. Roy. Inst., viii, 16. 
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controversy, as there paraffine is shown to be susceptible of fractional condensation, the extremely low temperature, 
consequent upon the removal of the enormous pressure, causing the more dense parafiines to condense in the pipes, 
leaving a large content of those with higher melting points still dissolved in the oil. It now appears to be firmly 
established that paraffine as at first isolated is not a homogeneous body, but a mixture of several homologous, 
perhaps isomeric, bodies having similar properties, but different boiling points. For the history of the discovery 
of paraffine and a description of the principal researches that have been conducted upon it, see the chapter on 
Paraffine in Part II of this work. 

Recently the constituents of residuum have been made the subject of careful study. Professor Henry Morton, 
of the Stevens Institute of Technology, first called attention to these substances. Speaking of the distillation of 
“residuum” for the production of paraffine and lubricating oils, he says : 

At the end of this operation, when the bottom of the still is already red-hot and some coke has been formed, there runs very slowly 
from the condenser a thick, yellow-brown tar, which is almost solid in cold weather, and in summer is only semi-fluid. * * * This thick 
tar, prior to 1873, was only used as a lubricant for the necks of rolls in rolling-mills, its great tenacity securing its adherence under the 
very unfavorable conditions to which it was there exposed. About March, 1873, however, Mr. John Truax, of Pittsburgh, wrote me as 
follows, referring to this tar: ‘Within a few months we have found a new use for it in the manufacture of a lubricating oil.” * * * 
Returning to the production of what may be termed ‘‘thallene tar”, I cannot do better than quote part of a letter received from Mr. 
Truax: ‘This material (referring to the thallene tar) drains or drips from the end of the pipe forming part of the condenser after all the 
tar has been distilled, and is in reality the product of the distillation of the petroleum pitch remaining in the still. Tar of petroleum 
(residuum), which we use exclusively, of gravity 20° Baumé (specific gravity 0.936) or thereabouts is distilled in cylindrical stills or 
retorts set vertically. These are 9 feet in diameter, and from 3 to 4 feet high. The condensation is effected in the nsual manner. The 
stills are inclosed in brick work all around the sides, forming a flue, through which all the products of combustion in the furnace are 
obliged to pass. After firing the retorts, the first thing to come over is what we call ‘light oil’, though the man who made your kerosene 
would not call it so. This is from 35° to 40° Baumé, or 0.850 to 0.830 specific gravity, and we cut this off to return to the kerosene 
manufacturers. The balance of the charge begins now to fall rapidly in gravity (Baumé), and continues falling or getting heavier till the 
end of distillation, at which time the ‘stuff’ begins its exit and drops lazily into the trough. At this time the bottom of the still is red- 
hot, and has on it as residue from the charge a covering of coke from 8 to 10 inches thick. This coke is very porous and spongy, and very 
light, but is good for fuel, and makes little or no smoke.” Farther on, in reference to the same thing, Mr. Truax says: ‘After several 
hours the stream, after having reached its maximum, begins to darken in color, and soon ceases altogether. Then your ‘stuff’ drags its 
slow length along. At this time everything is furiously hot; the bottom red-hot; the fire-brick of the furnace glowing like fire itself, and 
luminous as the fire, and the little oil remaining with the coke has a heat so great as to make its elements interchange in such a way’as to 
make a large quantity of carbon unite with the very small quantity of hydrogen that is left behind the general exit so as to form your 
stuff. Several times in my experience, owing to some accidents, we have had to draw the fires before your stuff came over, and on opening 
the still or retort we found regular pitch, resembling in nearly every way pine-pitch or coal-tar (for roofing) pitch, except in absence of 
odor and taste, and in not being quite so plastic, but nevertheless a true pitch. Now the distillation of this pitch makes your stuff, that 
is, under favorable conditions.” 

I agree with Mr. Truax in his theory here expressed, that the thallene does not exist ready formed in the petroleum, or even in the | 
petroleum tar, but is, like anthracine for example, a product of destructive distillation at something like a red heat. (a) 

In a previous paper Professor Morton thus describes the preparation of thallene: 


The crude tarry matter is well washed with benzine (petroleum naphtha), then with alcohol, and is lastly dissolved in benzole (coal- 
tar naphtha), filtered hot, and crystallized outon cooling. It is then obtained as a mass of very minute, needle-like crystals of a greenish- 
yellow color and pearly luster in the mass. * * * This I described under the name of Viridin in a paper read before the American 
Institute in New York, and drew attention to the very remarkable spectrum which its fluorescent light yielded, which resembled in a 
striking manner that of anthracine, while the crystalline form, solubilities, and fusing points of the two bodies were decidedly unlike. (6) 

Hemillian also obtained petrocene in 1877 (J. C. 8., xxxii, 867). 

In 1879 MM. L. Preunier and R. David published a paper “Upon the nature of certain accessory products 
obtained in the industrial treatment of Pennsylvania petroleum”, (c) which was followed and continued in another 
paper by M. Preunier, entitled ‘Study upon the unsaturated carbides derived from American petroleum”. (d) In 1876 
Dr. H. W. C. Tweddle exhibited at Philadelphia a greenish substance that he called ‘petrocene”, from which he 
obtained a yellowish-green substance which he called ‘‘thallene”. This was the raw material of this research, 
the few kilograms which were exhibited being obtained from 50,006 barrels of petroleum. ‘The density of petrocene, 
that is to say, the crude material, is about 1.206. It was separated into lighter paraffines having a density of about 
0.990, and heavier hydrocarbons of about 1.27, bromine and sulphuric acid separated from 5 to 15 per cent. of 
paraffine having a very high melting point, 70°, 80°, and 85° C., ordinary paraffine melting at 65° C. The 
unsaturated hydrocarbons, anthracene, phenanthrene, chrysene, chrysozene, and pyrene were recognized. Organic 
analysis showed a hydrocarbon containing from 88 to 96 per cent. of carbon, which is a larger percentage than 
is found in coal, even anthracite rarely attaining 95 per cent. 

The following year (1880) MM. Preunier and Eug. Varenne published another paper “‘ Upon the products 
contained in the cokes of petroleum”. (e) They obtained a compound giving on analysis a mean of 97.9 per cent. 
of carbon, which corresponds to the theoretical compound (C,H), requiring 97.95 per cent. of carbon. These 
results, say the authors, conform perfectly to the general views of M. Berthelot, and confirm their own previous 
researches. 

In 1873 MM. Le Bel and A. Muntz examined the black coloring matter of the semi-liquid asphalt of 
Pechelbronn (Bas. Rhin). (f) It is obtained in brittle, black scales from solution in carbon disulphide, and its coloring 





a Am. Chem., vii, 88. c B.S. C.P., xxxi, 158; B. D. C. G. B., 1879, 366. e Ibid., xxxiii, 545, 567; Ibid., 1880, 1141. 
b Ibid., iii, 162, 106. d Ibid., xxxi, 293; Ibid., 1879, 843. f B.S. C. P., £vii, 156. 
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power compares with aniline. They gave it the name “asphaltine”, first given by Boussingault to a similar 
substance, and compare the analysis of.this compound with that of a China bitumen as follows: 
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As it is not volatile, the authors conclude that the asphalt is not a product of distillation. 

In 1874 MM. Hell and Mendinger examined the organic acids of crude petroleum, (a) but the examination 
was not conducted in such a manner as to determine whether the acids obtained were an educt or a product of 
petroleum. They agitated the second running (specific gravity 0.857) of heavy Wallachian petroleum with caustic 
soda, and treated the flocculent precipitate with sulphuric acid. The result was a mixture of oily acids very difficult 
to separate, as they were decomposed by distillation. They finally succeeded in separating a‘colorless fluid, feebly 
acid, that produced a flocculent body with sodium or potassium, resembling soft soap, and they believed it belonged 
to a new series of fatty acids. 

While these researches have been undertaken abroad, in this country Professor Samuel P. Sadtler, of the 
University of Pennsylvania, has been conducting a series of experiments upon petroleum and associated substances, 
with results that are embraced in the following extract from a letter dated Philadelphia, November 4, 1881, 
addressed to myself: 


Classifying the subject under the three heads of: 1, Gaseous products accompanying crude petroleum; 2, Crude petroleum; and, 
3, Solid products accompanying and derived from the petroleum, I started with the first. I made analyses of some ten lots of ‘‘natural 
gas” taken from wells in different parts of the oil-field, and representing different geological horizons as far as possible. As there was 
some doubt as to whether the results of eudiometric analysis could indicate the presence of the higher members of the paraffine series, I 
supplemented these analyses by a series of absorption tests made on the spot. Thus I passed acurrent of natural gas for a time through 
absolute alcohol, which, while it does not dissolve hydrogen, absorbs marsh-gas slightly, ethane, propane, and the higher hydrocarbons 
in increasing amount. The hermetically-sealed flasks of the alcohol were then examined in my laboratory, and the gases absorbed 
driven out by heat and collected over mercury and analyzed. They proved to be chiefly ethane and propane. I also passed a current of 
the gas through bromine, both pure and alcoholic, so as to absorb the olefines. On after examination in my laboratory, by neutralizing 
the free bromine with soda and diluting, I succeeded in separating out colorless oily drops of ethene dibromide, and presumably, though 
not certainly, propene dibromide. These results were read in part before the American Philosophical Society, and were reported in its 
proceedings. (b) 

In the study of the liquid crude oils, after classifying the oils from the different geological horizons (with information supplied to 
me by Mr. John F. Carll), and noting gravities, color, and other physical properties, I proceeded to classify them by filtration (as far as 
possible in the cold) with animal charcoal and with mineral materials, like clay, alumina, etc. I did this with a view of examining 
chemically and miscroscopically the coloring impurities thus withdrawn. My results with these portions withdrawn by filtration are 
very incomplete; still I think they are largely made up of the members of the higher and more condensed hydrocarbon series, like 
anthracene, etc., and not simply amorphous carbon, as supposed by some chemists. In corroboration of this view I may say that in the 
erude oils picric acid will strike a deep blood-red color, like the color of its compound with anthracene, fluorine, etc., whereas in the 
yellow oil clarified in the cold by animal charcoal no such result is gotten. I also verified with a number of crude oils Schorlemmer’s 
observation that olefines are present, capable of being withdrawn by bromine, and in small quantities members of the benzole series, 
capable of yielding nitro-derivatives like nitro-benzole and nitro-toluole. Indeed, taking several distinct fractions, gotten from Bradford 
oil, I got notable quantities, in the lightest fraction light-yellow nitro-benzole, and in the higher fractions reddish-yellow nitro-toluole and 
probably higher products. I also extracted paraffine from a number of the crude oils by mixing several volumes of ether with the oil and 
then chilling, when almost all the dissolved paraffine will separate and can be filtered off. 

I commenced a study of the spent acid from a refinery in Titusville that had been running for several weeks exclusively on green oil 
from Petroleum Centre, hoping to get a class of sulpho-conjugated oils from it for study. I did not get further, however, than to separate 
them from the free sulphuric and sulphurous acids, and so have them yet. 

Lastly, of the solid products which accompany petroleum I examined the paraffine of buttery or firmer consistence which separates 
out on the tubing or derrick-frames in Bradford oil-wells. This was dark in color, looking like the crude ozokerite of Galicia, but not so 
firm. It had all the characters of a paraffine mixture. I had also collected a whitish buttery mass from several flowing wells near 
Warren, Pennsylvania. This, on examination, proved to be a very perfect emulsion of oil and water, one which would stand for months, 
but separated into distinct layers of oil and water when warmed. I also took up for examination the solids gotten from Pennsylvania 
petroleum by pyrogenic formation. Of this character were petrocene and allied products first mentioned by Dr. Herbert Tweddle, and 
from which Professor Henry Morton extracted thallium. I had worked with it some months when Preunier published an account in the 
Ann. de Chim. et Phys. of an examination of the same substance. I then published in Remsen’s American Chemical Journal an account of 
my results, showing the presence of several new hydrocarbons. (c) 


In an article published by Professor Sadtler in 1876, he well shows the unsatisfactory condition in which the 
chemistry of petroleum stands at present. (d) After speaking of the various researches had up to that date, he says: 


What was the material used for these investigations? Were the crude petroleums examined by these different authorities exactly 
the same, orif by chance they might have been, are they to be compared with all other petroleams now known? Those familiar with the 
crude oils as produced in the different sections of Venango, Clarion, and Butler counties, and very recently in Warren and McKean 
counties also, will know that these oils vary in color from a light amber to a dark black, and in gravity from 30° to 55° Baumé—from thick 
lubricating oils to nearly pure benzine. Moreover, they come from very different strata, or ‘‘sand rocks”, as they are termed. * * * 

It will thus be seen that if we wish to study the chemical composition of petroleum thoroughly we have a considerable body of 
material to choose from. This material must be carefully assorted, too, before any satisfactory study of the petroleum can be made. The 
great bulk of the crude petroleum that is sent to the refineries or is exported is shipped by the pipe-line companies, who have their 
network of pipes ramifying through whole districts, collecting the entire yield of a district and storing it in their immense tanks. To 
study such crude petroleums would be like analyzing the sweepings of a mineral cabinet. 








@ By DIC! G. B:, vil, 1216; b P, Am. P.S., xviii, 44. ce Am. Chem. Jour., i, 30. d Am. Chem., vii, 181. 
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With perhaps a few exceptions, these remarks apply as forcibly to the work that has been done upon all other 
petroleums as to those of Pennsylvania. 

The various attempts to produce by synthetic processes the oils that constitute petroleum will be noticed 
in detail when treating the chemical theories regarding its origin. They may be briefly stated as follows: 
Commencing in 1876 with Berthelot’s synthesis of these liquids through the reaction of alkali metals, calcium, 
carbonate, and steam, we next have, in 1871, Byasson’s successful experiments with steam, carbonic acid, and iron 
at a white heat; then, in 1877, Friedel and Craft’s synthesis through the action of chloride of aluminum; then the 
same and the following year the reaction produced by M. Cloez upon carbides of iron and manganese by diluted 
sulphuric acid and boiling water; and finally, in 1878, Landolph’s complex synthesis through the action of 
fluoborates. (a) M. Adolph Wurtz has shown that hydride of amyl (found in petroleum) and other hydrocarbons 
can be produced by the action of zinc ethyl on iodide of allyl. (0) 

These oils have also been produced by the destructive distillation of the animal fats through the use of super- 
heated steam. Warren and Storer fractionated the distillate from a lime soap of menhaden oil and obtained the 
members of the paraffine series, the homologues of olefiant gas, and the benzole group. (c) Cahours and Demarcay 
fractionated an oil boiling below 100° C., obtained by distilling fats by superheated steam, and found it contained 
pentane, hexane, and heptane. Another oil having a higher boiling point contained heptane, octane, nonane, 
decane, undecane, and a small quantity of dodecane, and probably cetane (hexdecane), all members of the paraffine 
series. (qd) 


SEcTION 3.—THE CHEMICAL ACTION OF REAGENTS UPON PETROLEUM AND ITS PRODUCTS. 


In attempting to classify the work that properly falls into this section I find it in a very fragmentary condition. 
The residues from gas works where petroleum is used have been studied by S. Cabot, jr., and he found them to 
contain the benzole compounds, but neither phenol nor cresol. (e) A. Leutz notices that the residues from gas, 
whether it is made from wood, coal, or petroleum, are identical, viz: aromatic hydrocarbons and phenols, 
naphthaline, anthracene, and phenanthrene, all of which are likewise obtained by passing petroleum through red-hot 
tubes filled with charcoal. Leutz experimented with Russian petroleum. (f/) J. Tuttschew passed the vapor of an 
American naphtha through a red-hot tube filled with pumice and obtained gas and tar. One gram of the naphtha 
yielded a liter of gas having the following composition: (g) 


Per cent. 
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The effects of oxidation upon petroleum and its compounds have been quite widely studied. I succeeded in 
converting California petroleums into asphalts, which were lustrous black and brittle, soluble in carbon disulphide 
and fusible at 212° F.; but 1 have never examined either the asphalt or the gaseous products of the decomposition. (h) 
Walter P. Jenney has very carefully studied the effects of oxidation upon heavy, petroleum distillates. He placed 
these distillates in a metallic still and aspirated a current of air through the oil continuously for from four to six 
days, maintaining the oil at the same time at a temperature of from 140° to 155° C, and as a result the volume of 
oil was greatly reduced, not by oxidation into water, but by cracking into lighter oils and gases and the conversion 
of a portion of the oil into oxidized residues, soluble in chloroform, but not in petroleum naphtha. He says: 

These four substances, formed from one sample of oil, bear a peculiar relation to each other. The resin D, which is in solution in the 
hot oil, has the composition expressed by the formula C.gHyO;. Becoming oxidized, it precipitates as the brown powder C4oH4o0;, and, 
settling on the bottom of the still, becomes heated to a higher temperature, changing into the solid asphalt C4oH3s0;, or by a longer 
action of air C49H3s07. (¢) 

These interesting and suggestive experiments bear an important relation to the technology of petroleum. 

Hell and Mendinger oxidized the acid that they obtained from crude Wallachian petroleum by the action of 
nitric and chromic acids, and obtained acetic acid and a new acid having the formula CyH,.O>. (j) Berthelot has 
shown that the action of chromic acid on ethylene and its homologues at a temperature of 120° produces aldehyde 
and its homologues. (k) In 1870 KE. Willigk treated paraffine at a high temperature with nitric and sulphuric acids, 
and obtained products that belonged to the series of the fatty acids. (l) In 1873, M. Champion subjected parafiine 
for sixty hours to the action of nitro-sulphuric acid, hyponitrie acid vapors were given off, and an oil having been 
formed with an acid reaction, combining readily with alkalies, of which the formula is Cys;H2g.NOy;0, he proposed for it 
the name paraffinic acid. (m) In 1874 M, A. G. Pouchet published a paper in relation to the action of nitric acid upon 





a For references see page 60 et seq. h P. Am. P.S., x, 460; Geo. Surv. of California: Geology, 
b C. Rendus, liv, 387. Appendix II, 86. 
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paraffine and the divers products that result from it. (a4) He obtained in solution the fatty acids, chiefly caproic, 
but also butyric, caprylic and capric, and paraffinic acid insoluble. He regards paraffinic acid as having the 
formula O4,H,;03,HO, and paraffine as a definite compound with the formula C,,H;, and not a mixture of different 
carbides of hydrogen, a conclusion that does not follow, unless he has shown that paraffines from all sources have 
the same composition and produce the same paraffinic acid. 

In 1868 M. Grotowski, of Halle on the Saale, studying the effects of sunlight on illuminating oil, (b) exposed 
various kinds of oils in glass flasks to the rays of the sun for a period of three months, and found that they 
invariably absorbed oxygen and converted it into ozone. The air was ozonized even in well-corked vessels, the 
effect being, however, in some degree dependent upon the color of the glass. The respective results of these 
experiments were noted after a lapse of three months. American kerosene from petroleum, which had been exposed 
to the light in white uncovered glass balloons, had become so strongly ozonized that it scarcely burned, and the 
original bluish-white oil had assumed a vivid yellow color, the specific gravity being found to have increased 0.005 ; 
but American kerosene which had been kept in the dark for three months did not show any ozone at all, and burned 
satisfactorily. The oils were exposed from April to July, 1868. Those oils which had become strongly ozonized 
had also suffered a distinct change in odor, and the corks were bleached as if attacked by chlorine, while the others 
had remained unchanged in these particulars. These results are fully confirmed by the experience of the consumers 
and dealers in these oils, who all avoid obtaining “old oil”, as it is called. It appears that redistillation with 
quicklime and clean iron nails restores the oils to their original state and properties. It is well known that the 
best illuminating oils, when allowed to stand for a long time in unused glass lamps, become yellow in color, less 
mobile, and of greatly impaired quality. 

Dr. Stevenson Macadam, having investigated the action of petroleum on metals, concludes that it exerts a 
solvent action upon lead, zinc, tin, copper, magnesium, and sodium.(c) Engler refers to these experiments, and 
maintains that these metals are attacked by petroleum only under the influence of air or oxygen, when acid 
compounds are formed. Petroleum washed in caustic alkalies and distilled in carbonic acid has no solvent action 
on metals. (d) 


CHAPTER V.—THE ORIGIN OF BITUMENS. 


SECTION 1.—INTRODUCTION. 


The origin of bitumens has been a fruitful subject of speculation among scientific men during the last half 
century. These speculations have been pursued along several quite different lines of investigation, and have been 
influenced by several different classes of experience. Generally speaking, they fall into three different categories, 
embracing those who regard bitumen as a distillate produced by natural causes, those who regard bitumen as 
indigenous to the rocks in which it is found, and those who regard bitumen as a product of chemical action, the 
latter class being subdivided into those who regard bitumen as a product of chemical change in natural products, 
of which carbon and hydrogen are constituents, and those who advocate a purely chemical reaction between purely 
mineral or inorganic materials. I propose to examine these theories in the inverse order in which they have just 
been stated. 


Suction 2.-CHEMICAL THEORIES. 


The argument for a purely chemical origin of petroleum was first brought to the serious attention of scientific 
men through the publication of a somewhat noted paper by the distinguished French chemist Berthelot in 1866, 
whose conclusions are stated as follows: 


If, in accordance with an hypothesis recently announced by M. Daubré, it be admitted that the terrestrial mass contains free alkali 
metals in its interior, this hypothesis alone, together with experiments that I have lately published, furnishes almost of necessity a 
method of explaining the formation of carbides of hydrogen. According to my experiments, when carbonic acid, which everywhere 
infiltrates the terrestrial crust, comes in contact with the alkali metals at a high temperature, acetylides are formed. These same acetylides 
also result from contact of the earthy carbonates with the alkali metals even below a dull-red heat. 

Now the alkaline acetylides thus produced could be subjected to the action of vapor of water; free acetyline would result if the 
products were remoyed immediately from the influence of heat and of hydrogen (produced at the same time by the reaction of water 
upon the free metals) and the other bodies which are found present. But in consequence of the different conditions the acetylene would 
not exist, as has been proved by my recent experiments. 


a C. Rendus, 1xxix, 320; Dingler, cexiv, 130; C. N., xxx, 154. oT. Pos. E. (3); vii, 465 50. C2 S., xxxiv,,oo00. 
b N. Jahrbuch f. Pharm., xxxvii, 187; Chem. C. Bl., 1872, 588. d B. D. C. G. B., 1879, 2186; C. N., xli, 284. 
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In its place we obtain either the products of its condensation, which approach the bitumens and tars, or the products of the 
reaction of hydrogen upon those bodies already condensed ; that is to say, more hydrogenated carbides. For example, hydrogen reacting 
upon the acetylene, engenders ethylene and hydride of ethylene. A new reaction of the hydrogen either upon the polymeres of acetylene 
or upon those of ethylene would engender formenic carbides, the same as those which constitute American petroleum. An almost 
unlimited diversity in the reaction is here possible, according to the temperature and the bodies present. 

We can thus imagine the production by a purely mineral method of all the natural carbides. The intervention of heat, of water, 
and the alkali metals, together with the tendency of the carbides to unite with each other to form matters more condensed, are sufficient 
to account for the formation of these curious compounds. Their formation could thus be effected in a continuous manner, because the 
reactions which give birth to them are continually renewed. This hypothesis is susceptible of further development, but I prefer to dwell 
within the limits authorized by my experiments without wishing to announce other than geological possibilities. (a) 


Continuing the same line of experimentation and argument, in 1869 M. Berthelot thus concludes another 
article : 


In the preceding experiments wood, charcoal, and coal are changed into petroleum. * * * If one accepts either origin for petroleum 


that I have just mentioned, he is led to conceive the possibility of an indefinite formation of these carbides, whether they be relegated to 
an organic origin, and in consequence to the enormous mass of débris buried at an inaccessible depth, or whether they be relegated to a 
purely mineral origin, and in consequence to the incessant removal of the generative reactions. (b) 


He further applies this hypothesis to the origin of the carbonaceous matter in the meteorite of Orgueil and 
other meteorites. (c) 
In 1871 M. H. Byasson read a paper before the French Academy, which he concludes as follows: 


The question of the origin of petroleum has already produced four or five differeht theories. In a research that certain considerations 
have led us to undertake, we have, by causing carbonic acid and water to react under very simple conditions, obtained a small quantity 
of an inflammable liquid nearly indifferent to sulphuric acid, and with an odor analogous to that of the carbides of petroleum. * * * 
The substances that we cause to react upon each other being widely distributed upon the globe, it will perhaps be possible to formulate 
a new theory of the formation of petroleum, to correllate it with the elevation of mountains and volcanic eruptions, and to St 
together several important facts prominent in the history of the earth. (d) 


M. Byasson causes steam, carbonic acid, and iron at a white heat to react upon each other, and provides the 
requisite conditions in nature by assuming that sea-water penetrates the terrestrial crust and comes in contact with 
metallic iron at a white heat and at great depths beneath the surface. 

In 1877 Messrs. Friedel and Crafts produced the hydrocarbides and acetones by a complex. reaction, in which 
chloride of aluminum performed the essential part. (é) 

On the 25th of February, 1877, M. Mendeljeff read a paper on the origin of petroleum before the Chemical 
Society of Saint Petersburg, which has been very widely noticed. I give below a translation of a résumé which 
appeared in the correspondence of the Chemical Society of Paris, and which is printed in its bulletin: 


The appearance of springs of petroleum at the surface of the earth shows the tendency of those mineral oils to traverse by infiltration 
the different strata of the earth in reaching the surface, a natural consequence of their lower density as compared with water. The place 
where petroleum originates ought then to be situated beneath the strata where the springs themselves are found. The beds furnishing 
the mineral oil belong in general to several very different formations of the earth’s strata. Thus in the Caucasus the petroliferous zone 
is formed in the Tertiary; in Pennsylvania, in the Devonian, and even Silurian. The place of the formation of the petroleum ought then 
to be sought in older strata. The sandstones impregnated with petroleum have never exhibited the carbonized remains of organisms. In 
general, petroleum and carbon are never found simultaneously ; but it is difficult to suppose that petroleum resulted from the decomposition 
of animal and vegetable organisms, because it would be then impossible to represent the origin of petroleum without a corresponding 
formation of carbon. On the other side, it is impossible to imagine the existence of great quantities of organisms in the epoch preceding 
the Silurian and Devonian. These reflections have led the author to the supposition that petroleum is in no place of organic origin. In 
speaking of the hypothesis of La Place upon the origin of the earth, in applying Dalton’s law to the gaseous state in which all the 
elements constituting the terrestrial globe ought to be found, and taking into consideration their relative densities, M. Mendeljeff recognizes 
the necessity of admitting a condensation of metals at the center of the earth. Among these it is natural to presume iron would 
predominate, because it is found in great abundance in the sun in meteorites and basalt8. Admitting further the existence of metallic 
carbides, it is easy to find an explanation not only for the origin of petroleum, but also for the manner of its appearance in the places 
where the terrestrial strata, at the time of their elevation into mountain chains, ought to be filled with crevices to their center. These 
crevices have admitted water to the metallic carbides. The action of water upon the metallic carbides at an elevated temperature and 
under a high pressure has generated metallic oxides and saturated hydrocarbons, which, being transported by aqueous vapor, have 
reached those strata where they would easily condense and impregnate beds of sandstone, which have the property of imbibing great 
quantities of mineral oil. 

This explanation of the origin of petroleum finds support from the following facts: The predominance at the surface of the earth of 
elements having a small atomic weight; the appearance of petroleum in directions corresponding to great circles; the relation remarked 
by several naturalists, particularly by M. Abich, between petroleum and volcanic manifestations. 

In order to make this question clear, it is indispensable to study the different transformations of petroleum, its decomposition into 
marsh-gas and non-saturated hydrocarbons; of determining the chemical nature of mineral oils of different origin; also that of the saline 
water that ordinarily accompanies petroleum, Researches of this kind, in connection with profound geological studies, can alone rencer 
justice to the hypothesis stated above. (f) 


In 1877 Mr. Cloez succeeded in obtaining hydrocarbons resembling certain constituents of petroleum as a 
result of the action of dilute sulphuric acid on a carbide of iron and manganese (spiegeleisen). The next year, by 
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using a carbide richer in manganese, he succeeded in producing the reaction with boiling water and obtained the 
oils as before. In concluding his paper on the subject he regards his results as a sufficient basis for an hypothesis 
by which to account for the origin of petroleum. (a) 

In 1878 M. Fr. Landolph succeeded in obtaining these oils by an exceedingly complex process, in which he used 
fluoborates, affirming that “it is the great energy (affinity) of boron for the elements of water that ought to 
provoke those classes of reaction and permit us to obtain synthetically a great number of carbides of hydrogen with 
great facility ”. (b) 

These chemical theories are supported by great names, and are based on the most complete and elaborate 
researches; but they require the assumption of operations nowhere witnessed in nature or known to technology. 

I Privte here a passage which I wrote in 1867, soon after M. Berthelot’s original article, above quoted, first 
appeared : 

The theory of M. Berthelot appears to me to derive less support from observed facts than any which has been proposed. It was 
doubtless formed with reference to the petroleums of Pennsylvania, which are among the purest mineral hydrocarbons of any found in 
large quantities. The very small proportion of nitrogen existing in these oils might perhaps be accounted for as an accidental constituent 
of the limestone, or as being mechanically mingled with the watery vapor. Neither supposition is at all probable, since nitrogen possesses 
such slight affinities. It adds nothing to its support to admit that the alkali metals do exist in the interior of the earth in the free 
state.(c) The very great difference observed between the varieties of petroleum (d) cannot be explained upon any hypothesis that 
regards them as the results of the same process acting upon like materials; neither should it be expected that a process yielding an almost 
“unlimited diversity” of products, under slightly varying circumstances, would furnish a uniform result over a very wide area. Samples 
of Pennsylvania petroleum of the same density, when gathered from widely separated localities, furnish identical (e) results upon analysis ; 
so, too, do California petroleums, though gathered from localities 50 miles apart; and yet the two varieties of oil are exceedingly unlike. ‘‘It 
is, moreover, altogether erroneous to attempt to explain the causes of geological facts by the aid of supposed analogies with the complex 
apparatus of physical cabinets, whose existence in nature could scarcely be conceived by the boldest and most unrestrained imagination.” (/) 


The most conspicuous advocate of the theory that petroleum is a product of chemical reaction, by which marsh- 
gas is converted into more condensed hydrocarbons, appearing as fluid, viscous, and solid bitumens, is M. Coquand, 
who has so fully written upon the occurrence of bitumen in Albania and Roumania. He found mud volcanoes 
associated with the occurrence of petroleum in Sicily, the Apennines, the peninsula of Taman, and the plains of 
Roumania, and concluded that mud volcanoes produced petroleum and other forms of bitumen by converting marsh- 
gas into more condensed hydrocarbons. The following passage gives a summary of his opinions: 

If the Carpathians have snown me only mineral oils in the state of naphtha more or less charged with tarry matters, and sometimes, 
but rarely, glutinous bitumen, that is to say, in the first stage of its existence and transformation, Selenitza ought to show me the same 
phenomena brought to the extreme limit of exhaustion; that is to say, bitumen reduced to a solid substance, incapable of spontaneous 
decomposition and of engendering new derivative products. It is rational to conclude that the history of that substance consists of two 
distinct evolutions, of which the first has for the principal theater of its active life North America and the Carpatho-Caucasian region, 
and the second the coasts of the Black sea and lower Albania, and as occupying an intermediate position between the two extreme states, 
which represent birth and death, we will mention glutinous bitumen, an intermediate and unstable substance through which petroleum 
passes, having lost its primitive fluidity and acquired that consistence which ought always to preserve it, which might be called the 
period of old age and decrepitude. (9) 


M. Grabowski, in an article on ozokerite, having advanced similar opinions with reference to marsh-gas, says: 


Very little is known about its formation. It appears to me to be very probable that it has to be considered as a product of the 
oxidation and condensation of the petroleum hydrocarbons. * * * By this hypothesis the formation of petroleum may be reduced to 
an oxidation of marsh-gas, and thus the close connection between ozokerite, petroleum, and coal be explained in the most simple manner. (h) 

No adequate representation of the reaction is given. C. H. Hitchcock has supported similar views. (7) 

It may be said, in reference to this theory, that, in so far as it expresses the fact that maltha represents an 
intermediate stage in the transformation of petroleum into asphaltum and recognizes the chemical relation existing 
between marsh-gas and the petroleum compounds, it is entitled to consideration; but in the chemical processes of 
nature complex organic compounds pass to simpler forms, of which operation marsh-gas, like asphaltum, is a resultant, 
and never the crude material upon which decomposing forces act. 








a C.R., lxxxv, 1003, Ixxxvi, 1248; J.C.S., xxxiv, 481, 716. 

b C. R., 1xxxvi, 1267. Professor A. Wurtz has produced some of the constituent hydrocarbons of petroleum by the action of zine ethyl 
on iodide of allyl, but with great forbearance he refrains from assuming that these reagents are found in the interior of the earth. C.R., 
liv, 387. 

ec This statement is equally true of spiegeleisen, etc. 

d See Chapter IV. 

e The word identical will not apply to the present condition of the Pennsylvania region as it did in 1867, but should be replaced by 
similar. 
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SECTION III.—THE THEORY THAT BITUMEN IS INDIGENOUS TO THE ROCKS IN WHICH IT IS 
FOUND. 


The opinion that petroleum is indigenous to the rocks in which it occurs has been maintained with great vigor 
by Dr. T. S. Hunt and Professor J. P. Lesley, these gentlemen basing their views upon their observations in 
Canada, West Virginia, and Kentucky. Dr. Hunt, having found the fossiliferous limestones impregnated with 
petroleum, which is particularly abundant in the fossils themselves, therefore concludes : 


The facts observed in this locality appear to show that the petroleum, or the substance which has given rise to it, was deposited in 
the beds in which it is now found at the formation of the rock. We may suppose in these oil-bearing beds an accumulation of organic: 
matters, whose decomposition in the midst of a marine calcareous deposit has resulted in their complete transformation into petroleum, 
which has found a lodgment in the cavities of the shells and corals immediately near. Its absence from the unfilled cells of corals in. 
the adjacent and interstratified beds forbids the idea of the introduction of the oil into these strata either by distillation or by infiltration. 
The same observations apply to the petroleum of the Trenton limestone, and if it shall hereafter be shown that the source of petroleum 
(as distinguished from asphalt) in other regions is to be found in marine fossiliferous limestones a step will have been made toward a 
knowledge of the chemical conditions necessary to its formation. (a) 


In a paper published some years later the same gentleman says: 


In opposition to the generally received view, which supposes the oil to originate from a slow destructive distillation of the black 
pyroschists belonging to the middle and upper divisions of the Devonian, I have maintained that it exists, ready formed, in the limestones. 
below. All the oil-wells of Ontario have been sunk along denuded anticlinals, where, with the exception of the thin black band some- 
times met with at the base of the Hamilton formation, these so-called bituminous shales are entirely wanting. ‘The Hamilton formation, 
moreover, is more oleiferous, except in the case of the rare limestone beds, which are occasionally interstratified. Reservoirs of petroleum 
are met with both in the overlying quaternary gravels and in the fissures and cavities of the Hamilton shales, but in some cases the berings. 
are carried entirely through these strata into the corniferous limestone before getting oil. A well was sunk at Oil Springs to a depth of 
456 feet from the surface and 70 feet into the solid limestone beneath the Hamilton shales before meeting oil. (b) 


He says further, in support of this opinion: 


In this (the Trenton) we meet for the first time with petroleum, though in much less abundance than in the higher rocks. In the: 
township of Packenham, the large orthoceratites of the Trenton limestone sometimes hold several ounces of petroleum in their chambers, 
and it has been met with under similar conditions in Lancaster. It has also been observed to exude froin the fossil corals of the Birdseye: 
limestone at Riviére & la Rose (Montmorency). The limestones of this group, which are generally more or less: bituminous to the 
smell, are peculiarly so in some parts of the county of Montmorency, and not only give off a strong odor when struck, but when burned 
for lime evolve an abundant bituminous vapor on the first application of heat. The lithological represe:tative of the Trenton group 
next appears in the corniferous formation, composed, like the former, of pure limestones, with chert beds, silicified fossils, and petroleum. 
~ “4 44 It is in the Lower Devonian limestone, or corniferous formation, that the greatest amount of petroleum occurs, although 
Mr. Hall observed that the dolomites of the Niagara formation in Monroe county, New York, frequently contain mineral pitch, which is 
sometimes so abundant as to flow from the rock when this is heated in a lime-kiln. Concretionary nodules holding petroleum have also: 
been observed in the Marcellus and Genesee slates, while the higher Devonian sandstones in New York and Pennsylvania are often 
impregnated with petroleum, and from these and from still higher strata issue the oil-springs of those regions. It is probable, however, 
that the source of the oil in these superior strata is to be found in the corniferous limestone, from which the petroleum of western Canada 
is undoubtedly derived. 3 * * In the township of Rainham, on lake Erie, the shells of Pentamerus aratus are sometimes found 
to have an inner cavity, lined with crystals of calcite and filled with petroleum. Coralline beds impregnated with petroleum are found 
at Wainfleet and in Walpole, in the latter instance immediately beneath a layer of chert; but I have more particularly examined them 
in the township of Bertie, which is on the Niagara river opposite Buffalo. Here in a quarry are seen massive beds, slightly inclined, 
composed of a solid, crystalline, encrinal limestone, which appears not only destitute of petroleum, but, from the water by which it is 
impregnated, to be impermeable to it. In some of the beds are large corals of the genus Heliophyllum, the pores of which are open but 
contain no oil. Two beds, however, one of 3 and one of 8 inches, which are interstratified with these, are in a great part made up of 
species of Heliophyllum and Favosites, the cells of which are full of petroleum. This isseen in freshly-broken masses to be absent from the 
solid limestone, which forms the matrix of the corals, and resembles in texture the associated beds. As the fractured surfaces of the oil- 
bearing beds become dry, the oil spreads over them, and thus gives rise to the appearance of a continuous band of dark oil-stained rock, 
limited above and below by the lighter limestone, from which, however, it is separated by no planes of bedding. The layer of 3 inches: 
was seen to be twice interrupted in an exposure of a few feet, thus presenting lenticular beds of the oil-bearing rock. Beside the 
occasional specimens of Heliophyllum without oil disseminated in the massive limestone, a thin and continuous bed of Favosites is met 
with, which is white, porous, and free from oil, although beds above and below are filled withit. It was in the weathered outcrop of one of 
these that was obtained the specimen in the cells of which was found the infusible and insoluble product of the oxidation of petroleum. 
When the oil-bearing beds are exposed in working the rock the oil flows out and collects on the water of the quarry. The facts observed 
in this locality appear to show that the petroleum, or the substance that has given rise to it, was deposited in the bed in which it is now 
found at, the formation of the rock. 

In the easternmost part of North America, and at the extremity of the peninsula of Gaspé, petroleum is again met with issuing from: 
sandstones which belong to the base of the Devonian series. Beds of thickened petroleum, like those of Enniskillen, are here met with. 
Near to cape Gaspé there is a remarkable dike of amygdaloidal trap, 10 or 12 yards in breadth, the cavities of which are often lined with 
chalcedony or with crystals of calcite and quartz. Many of these cells are filled with petroleum, which in some cases has assumed the 
hardness of pitch. (¢) 


Petroleum occurs saturating a stratum 35 to 40 feet thick about midway in the Niagara formation at 
Chicago, Illinois, the rock being so filled with petroleum that blocks of it which have been used in buildings are 
discolored by the exudations, which, mingled with dust, form a tarry coating upon the exposed surfaces. Though 
thus discolored, when freed from the bitumen, this rock is a nearly white, crystalline dolomite. An illustration of 
the effect of this exudation was to be noticed in one of the largest churches in Chicago before the great fire. 
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Dr. Hunt estimated the amount of oil held in the Niagara limestone of Chicago, and found it to be 4.25 per cent., 
an amount rather beneath the average. He continues: 


A layer of this oleiferous dolomite, 1 mile (5,280 feet) square and 1 foot thick, will contain 1,184,832 cubic feet of petroleum, equal to 
8,850,069 gallons of 231 cubic inches, and to 221,247 barrels of 40 gallons each. Taking the minimum thickness of 35 feet assigned by Mr. 
Worthen to the oil-bearing rock at Chicago, we have in each square mile of it 7,743,745 barrels, or, in round numbers, 7,750,000 barrels 
of petroleum. * * * With such sources existing ready formed in the earth’s crust, it seems to me, to say the least, unphilosophical 
to search elsewhere for the origin of petroleum, and to suppose it to be derived by some unexplained process from rocks which are 
destitute of the substance. (a) 


In reply to a letter of inquiry, Professor James M. Safford thus writes regarding the occurrence of petroleum 
in the neighborhood of Nashville, Tennessee: 


In the limestone rocks of Nashville, representing those of the Silurian basin of middle Tennessee, and of course Silurian (lower), 
geodes or geode cavities in certain horizons are quite common. They are mostly calcite geodes, or cavities lined with crystals of calcite. 
Sometimes there is nothing but the calcite crystals within; then we have a lining of calcite crystals with dolomite, gypsum, anhydrite, 
often cleavable, and occasionally fluorite within. I have seen all of these minerals in one. Imperfect quartz geodes lined with quartz 
erystals occasionally occur. Barite and celestite and baryto-celestite occur together, and sometimes fluorite occurs with these. In a 
certain horizon there are many geode cavities lined with calcite crystals and containing within beautiful crystals of celestite, white and 
beautifully blue. Cavities occur containing celestite which are not lined with calcite crystals, and it is not uncommon to meet with geode 
cavities in our limestones lined with calcite crystals and containing more or less petroleum. I have seen as much as half a pint or even 
more in them. 


There appears to be little room to doubt that the petroleum in these geodes is indigenous to the Nashville 
limestone. 

The Clinton limestones of Ohio, lying immediately above the Cincinnati group and over the whole northern 
border of the Cincinnati anticlinal, contains petroleum in small quantities, but nowhere sufficient in amount to be 
of economic value. (d) 

In the description of the method of ‘the existence of the petroleum in the eastern coal-field of Kentucky” 
Professor J. P. Lesley says: 


At Old Oil Springs, on the south fork of Paint creek, a black reservoir of tar-like oil here occupies the center of a sloping bog, and is 
kept always full from a spring at its upper limit, near the top of the slope and foot of the cliffs, about 20 feet above the level of the 
stream. Fig. 3 shows the conformation of the ground, a the spring, b the reservoir, c the bed of Paint creek, d conglomerate No. XII. (c) 

A mile farther down the stream, but on the opposite or right bank, and apparently 35 or 40 feet above the water, on a steep slope 
close under the projecting cliffs, is a similar spring, which has not produced any extensive bog for want of a level receptacle, but 
has yielded ‘‘large quantities” of oil in past years, and from which petroleum continues to run slowly all of the time. Fig. 4 shows 
the contour of the ground and the overhanging cliffs at two places near the spring. Three miles farther down the stream, and within a 
mile or less of its junction with the north or Open fork at Lyon’s well, the oil is to be seen coming from the edge of the coal and ore-shales, 
just under the cliffs, which here tower to an amazing height. Fig.5 represents in a formal manner this section and a pile of conglomerate 
crag called the Crow’s Nest, between 100 and 200 feet high. There are here, immediately underneath the lowest plate of conglomerate 
(20 feet thick), 5 feet of shales, then 2 feet of yellow sandstone, then 14 to 3 inches of ball ore, then black and blue slates to the creek 
level. A mile or two up the creek there are in these black slates two distinct beds of coal, 6 feet apart, the upper 10 inches, the lower 
24 inches thick; and oil flows from them continually in small quantities. At Davis, where the road crosses Paint creek, just below the 
mouth of Little Glade run, the conglomerate being here 230 feet thick and the streams flowing from the bottom of it between straight 
vertical walls, the black petroleum is perpetually welling out, not only from under the conglomerate, but from crevices in the bare faces 
of the rocks, accompanied, as elsewhere, by yellow peroxide of iron. 

It is evident from the description given above—and the same description will answer for a large number of similar springs in the 
numerous gorges through which the Licking waters find their Way westward into the Blue Grass country of middle Kentucky—that the 
petroleum of the oil-springs of Paint creek (d) has had its home in the great conglomerate at the base of the coal measures; still has, we 
may say, for it is still issuing in apparently undiminished quantities from the same. A conglomerate age or horizon of petroleum exists. 
This is the main point to be stated, and must be kept in view, apart from all other ages or horizons of oil, whether later or earlier in order 
of geological time. The rock itself is full of the remains of coal plants, from the decomposition of which the oil seems te have been made. 
J noticed in the great rock pavement at Lyon’s well, over which the creek water flows, many sections of tree branches and stems 
mashed flat, each section being, say, 6 inches long by one-eighth of an inch wide in the middle, and when a jack-knife was thrust down 
into the slit, so as to clear it of mud, the black tarry oil would immediately exude and spread itself over the water. A pointed hammer 
spalling off flakes of the rock on each side showed not only that the slit itself was full of thick oil, but that the whole rock was soaked 
with it, except along certain belts (an inch or less wide and very irregular), which for some unexplained reason remained free from oil. 
Some of the great blocks of rock that have fallen from the cliff too recently to be as yet decomposed are literally full of the marks of the 
broken macerated driftwood of that period. For hundreds of square miles this vast stratum of ancient sea sand is a thick packed 
herbarium of coal-measure plants. If the loose sands of the bank of Paint creek, derived, as they are, from this sand-rock, can at the 
present day receive and retain vast quantities of petroleum in spite of the perpetual washings to which they are subjected, we can easily 
conceive of the wide, flat, sandy shores of the coal islands of the ancient archipelago of the coal era becoming completely charged with 
the decomposed and decomposable reliquiz of both the plants of the land and the animals of the sea. (e) 

* * * * * * * 

It is as yet beyond our ability to distinguish the several original sources of the petroleum obtained at different depths from any ene 
well. The specific gravities of the oil, decreasing with the increase of depth, is a fact which shows conclusively that a chronic evaporation 
ov distillation of the whole mass of oil in the crust of the earth (within reasonable reach of the surface) has always been, and is still, 
going en, converting the animal and plant remains into light oils, the light oils into heavy oils, the heavy oils into asphalt or albertite, 
the process being accompanied at every stage with the liberation of gas. .Therefore the quantities of lubricating oil coming out from the 
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conglomerate along the valleys of Paint creek prove the existence of immense quantities back-from the cliff in the rock itself under all 
the highlands. And for the same reason the heavy oils obtained first from Lyon’s and Donnell’s and Warner’s wells, followed by 
lighter oils from a greater depth, prove the existenve of yet uncalculated quantities of still lighter oils at still greater depths, and of a 
world of gas-pressure which ought to make its presence known whenever there have been rents in the crusts, down-throws, fallings-in, or 
serious slopings of the stratification; in a word, any sort of natural vent. (a) 


The paper from which these extracts are taken was read before the American Philosophical Society, April 7, 
1865. It expresses the opinion of which Professor Lesley has been one of the strongest advocates, that the 
petroleum of the Appalachian system is indigenous to the rocks in which it is found. It is to be inferred, however, 
that his views as related to the origin of the petroleum found in northwestern Pennsylvania have become somewhat 
modified, although in precisely what manner is not clear. In the introduction to Report HI of the Second 
Geological Survey of Pennsylvania, p. xv, Professor Lesley says: 


The origin of petroleum is still an unsolved problem. That it is in some way connected with the vastly abundant accumulations of 
Paleozoic sea-weeds, the marks of which are so infinitely numerous in the rocks, and with the infinitude of coralloid sea animals, the 
skeletons of which make up a large part of the limestone formations which lie several thousand feet beneath the Venango oil-sand group 
scarcely admits of dispute, but the exact process of its manufacture, of its transfer, and of its storage in the gravel beds is utterly 
unknown. That it ascended rather than descended into them seems indicated by the fact that the WRRe sand holds oil, when those above 
do not, and that upper sands hold oil when they extend beyord or overhang the lower. 


If I understand Professor ‘Lesley, these later statements, as well as that quoted regarding the chronic 
distillation that has always been, and still is, going on, express his opinion respecting the changes that convert the 
original petroleum content of the rocks into the different varieties of petroleum now met with, rather than the 
origin of the petroleum itself. 

Professor T. Rupert Jones examined the asphaltic sand or rock of Trinidad, and found that when it is boiled 
several times in spirits of turpentine “it loses its bitumen and resolves itself into loose orbitoides and nummukne, 
with a few other foraminifera, and (when cleaned by acid) a small proportion of green-black sand and a very 
few rounded grains of quartz”. (dD) 

In a paper on the “Geology of a part of Venezuela and Trinidad” Mr. G. P. Wall describes the occurrence of 
bitumen as follows: 


The asphalt of Trinidad is almost invariably disseminated in the upper group of the ‘‘ Newer Parian”.(¢) When in situ it is confined 
to particular strata, which were originally shales containing a certain proportion of vegetable débris. The organic matter‘has undergone 
a special mineralization, producing bituminousin place of ordinary anthraciferous substances, This operation is not attributable to heat, nor 
to the nature of distillation, but is due to chemical reaction at the ordinary temperature and under the normal conditions of the climate. 
The proofs that this is the true mode of generation of the asphalt repose not only on the partial manner in which it is distributed in the strata, 
but also on numerous specimens of the vegetable matter in process of transformation and with the organic structure more or less 
obliterated. After the removal by solution of the bituminous material, under the microscope a remarkable alteration and corrosion of 
the vegetable cells becomes apparent, which is not presented in any other form of the mineralization of wood. A peculiarity 
attending the formation of the asphalt results from the assumption of a plastic condition, to which property its frequent delivery at the 
surface is partly referable; where the latter is hollow or basin-shaped, the bitumen accumulates, forming deposits such as the well known 
Pitch lake. Sometimes the emission is in the form of a dense oily liquid, from which the volatile elements gradually evaporate, leaving a 
solid residue. Mineral pitch is also extensively diffused in the province ef Maturin, on the main (the other districts of the llanos were 
not sufficiently examined to determine its existence, which, however, is generally affirmed), and in still larger quantities near the gulf 


ot Maracaibo, on the northern shores of New Granada and in the valley of the Magdalena, where it probably is a product of the same 
Tertiary formation. (d) 


Iu England petroleum has been observed in a peat bog, and the lower layers of the peat were compacted into 
a sort of bituminized mass, which has been described by E. W. Binney as follows: 


The only remarkable feature connected with the upper bed of peat at Down Holland Moss is the western portion of it being 
covered up with a bed of sand, and being probably sometimes subject to an infiltration of sea-water. * * * These circumstances, 
added to the fact of petroleum being found most plentifully at the edge of the sand, lead to the conclusion that it is produced by the 
decomposition of the upper bed of peat under the sand. 

The chemical process by which such singular effects have been produced is a subject more fitted for the consideration of the 
chemist than the geologist, but the author supposes that petroleum is the result of slow combustion in the peat, and has been produced 
by a process partly analogous to that which takes place in the distillation of wood in closed vessels, when, owing to a total absence of 
oxygen, the combination of hydrogen and carbon in the form of hydrocarbons is effected. (e) 


Petroleum has also been observed dripping from shales overlying a highly bituminous coal; (/) also in limestone 
containing remains of crustacea. (g) 
Concerning the origin of the petroleum of Shropshire, Arthur Aiken says: 
The thirty-first and thirty-second strata are coarse-grained sandstone entirely penetrated by petroleum ; are, both together, 15} feet thick, 
and have a bed of sandy slate-clay about 4 feet thick interposed between them. These strata are interesting as furnishing the supply of 


petroleum that issues from the tar-spring at Coalport. By certain geologists this reservoir of petroleum has been supposed to be sublimed 
from beds of coal that lie below, an hypothesis not easily reconciled to present appearances, especially as it omits to explain how the 
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petroleum in the upper of these beds could have passed through the interposed bed of clay so entirely as to leave no trace behind. It is 
also worthy of remark that the nearest coal is only 6 inches thick, and is separated from the above beds by a mass 96 feet in thickness, 
consisting of sandstone and clay strata, without any mixture of petroleum. (a) 

The observations of Wall in Trinidad appear to establish beyond a doubt that the bitumen of that locality has 
been and is being produced from a peculiar decomposition of woody fiber. Bright and Priestwich both regard the 
petroleum of England as indigenous in the limestones and shales, and the testimony of Binney is conclusive as to 
its production from the decomposition of peat on Down Holland Moss. 


Professor A. Winchell says: 


It seems to have become established from recent (1866) researches that the petroleum of the Northwest not only accumulates in several 
different formations, but also originates from materials stored up in rocks of different geological ages from the Utica slate to the coal 
conglomerate, and perhaps thé coal measures. (b) 

Professor J. D. Whitney has suggested that the infusoria, the remains of which are so abundant in certain 
sedimentary rocks, are the original source of the petroleum occurring in them, and says: 

In conclusion, it may be remarked that the marine infusorial rocks of the Pacific coast, and especially of California, are of great extent 
and importance. They occur in the coast ranges from Clear lake to Los Angeles. They are of no little economical as well as scientific 


interest, since, as I conceive, the existence of bituminous materials in this state, in all their forms, from the most liquid to the most dense, 
is due to the presence of infusoria. (¢) 


SEcTION 4.—THE THEORY THAT BITUMEN IS A DISTILLATE. 


Humboldt, in 1804, observed a petroleum spring issuing from metamorphic rocks in the bay of Cumana, and 
remarked : 

When it is recollected that farther eastward, near Cariaco, the hot and submarine waters are sufficiently abundant to change the 
temperature of the gulf at its surface, we cannot doubt that the petroleum is the effect of distillation at an immense depth, issuing from 
' \those primitive rocks beneath which lie the forces of all voleanic commotion. (d) 

The researches of Reichenbach led him to suggest, in 1834, that “‘when we remember that coal is so filled 
with the remains of plants that its origin has been attributed entirely to the destroyed vegetables of an early 
period, it must appear probable that petroleum was formed from such plants as afford these oils, and, in one word, 
that our mineral oil is nothing but turpentine oil of the pines of former ages; not only the wood, but also the 
needle-like leaves, may have contributed to this process, which is not a combustion, but is, I believe, simply the 
result of the action of subterranean heat.” (e) 

French writers generally have expressed their conviction that bitumens have resulted from the action of heat 
-on strata containing organic matter. 

In 1835 M. Rozet read a paper before the Société Géologique de France, in which he discussed the occurrence of 
-asphaltic limestone at Pyrmont. . He represents it as a mass of limestone not stratified, but crossed with fissures 
in all directions, and contains 9 to 10 per cent. of bitumen and pure carbonate of lime. The limestone is accompanied 
by a molass or a sort of breccia, consisting of gravel of quartz and schistose rocks cemented with asphalt. The 
molass contains from 15 to 18 per cent. of asphalt, but the bitumen extracted from the limestone and molass is 
identical. He continues: — 

The bituminous matter is found equally in the calcareous rock and the molass that covers it. It is evident that the action that 
introduced it into the two rocksis posterior to the deposition of the latter. The manner in whichit disistributed in great masses, which throw 
their ramifications in all directions, joined in such a manner that the superior portions contain generally less bitumen than the remainder 
-of the mass, indicate that the bitumen has been sublimed from the depths of the globe. * * * The nature of the bituminous rocks 
(molass, cretaceous limestone, and calcareous schist) admit perfectly of this sort of action. The molass and the limestone are so porous 
that they easily absorb water and the calcareous schist sticks to the tongue. Thus these rocks could have been easily penetrated by the 
bituminous vapors, which probably penetrated all three of them at the same time. 

The epoch of the introduction of the bitumen into the preceding rocks being necessarily posterior to the deposition of the molass, it 
aay be presumed that it corresponds to that of the basaltic eruptions which many facts prove to have been often accompanied with 
bituminous material. * * * 

It may be objected that such basaltic rock does not appear in all the extent of the Jura. To that I reply that they are found in the 
neighborhood, in Burgundy and in the Vosges; and further, that in the changes in the surface of the soil, whether occasioned by fractures 
or by the disengagement of vapors, the plutonic rocks do not necessarily appear at the surface. Perhaps in the deep valleys of the Jura 
the basalts are at avery slight depth. * * * In the Val de Travers, near Neufchatel, similar phenomena are observed. (/) 

In 1846 Mr. 8. W. Pratt described the occurrence of bitumen at Bastenee, a small village in the south of 
France, 15 miles north of Orthez. The surrounding country is formed of small conical hills 200 or 300 feet high, 
separated by a coarse sandy limestone belonging to the cretaceous system. The upper part consists of variously 
colored sands and clays from 50 to 60 feet thick, the whole covered by gravel and sand, which in all directions 


» 








a T.G.S. L. (1), i, 195. 

b A. J.S. (2), xli, 176. 

e Bul. Acad. Sci. San Francisco, iii, 324. Dr. J. 8. Newberry has lately erroneously attributed this theory to 8. F. Peckham, Ann. N. 
Y. Acad. Sci., ti, No. 9. 

d Humboldt’s Travels, III, 114, Bohn’s ed. 

e Schweigger Seidel’s Jahrbuch, ix, 133; Ph. Jour., xvi, 376. 

Pte Atel (1), vil) 138, ; 

VOL. IX 5 





66 | PRODUCTION OF PETROLEUM. 


extends for many miles. These sands and clays are usually horizontal, but are occasionally disturbed and highly 
inclined. This is occasioned by the protrusion of igneous matter, which is there found in connection with them.. 
The bitumen is worked in three localities near each other, and occurs in beds from 5 to 15 feet thick, which vary 
much in character, the upper part consisting of looser and coarser sand, with a less proportion of the bitumen, while 
the lower part is more compact, containing finer sand, and being chiefly composed of bitumen. The sands and 
clays contain no fossils except occasional pieces of lignite and bitumen, and are generally free from extraneous: 
matters, except in two localities, where numerous shells are found which may be referred to the Miocene period. 
In one of these localities, where the bitumen bed is from 10 to 12 feet thick, the shells are disposed in numerous. 
layers a few inches apart, those of the same kind generally forming distinct layers, though sometimes, where the: 
layer is thicker, many species are found together; and where the mass has been cut through vertically the appearance 
is very striking, bright, white lines appearing on a black bed of bitumen. The shells are neither broken nor: 
disturbed, but are perfectly preserved, nor are the valves separated; but, owing to the loss of animal matter, on 
being exposed to the air they fall into powder. Perfect casts may be readily procured, as they easily separate from: 
the sandy mass. The bitumen has evidently been forced into them when in a soft or liquid state, as the smallest 
cavities are filled, and this must have taken place after their deposition in the sands in which the animals lived.. 
The date of this formation, as indicated by numerous species, may be referred to the Miocene era; and as the 
eruption of bitumen is evidently connected with the appearance of the ophite, an igneous rock which hae produced 
such great changes in the Pyrenees, a limit may thus be obtained for these changes. (4) 

In a notice upon the occurrence of asphalt in the environs of Alais, published in 1854, M. Parran makes the 
following statements: 


Whatever be the origin of these substances, whether they be due to interior emanations from fissures of dislocation or to 
circumstances exterior and atmospheric, it is evident that there was during the Tertiary period an asphaltic epoch (époque asphaltique} 
in relation to which it is convenient to recall the numerous eruptions of trachytes and basalts which characterize that period and have. 
probably acted by distillation upon the masses of combustibles hidden in the bosom of the earth. 


He further remarks that asphalt occurs between Mons and Auzon, and continues: 


The lacustrine formation, of which we have studied the bituminiferous part, is deposited in a vast depression of the secondary~ 
formation (terrains), represented here by the lower cretaceous and chloritic formations (néocomienne et chloriteés). 


M. Parran econeludes as follows: 


Emanating by distillation from beds of combustible material inclosed in the inferior Cretaceous (néocomienne) formation or perhaps in» 
the Curbanitecots if, as is probable, they extend to that place, the bitumen is raised in the midst of the fresh-water limestones rape al 
@eau douce); there it is fixed by imbibition. Hot springs and sulphur springs abound in the vicinity. (0) 


In 1868 M. Ch. Knar published an article on ‘The theory of the formation of asphalt in the Val de Travers, 
Switzerland”. His conclusions are: 


1. Asphalt (limestone impregnated with bitumen) is due to the decomposition in a deep sea of beds of mollusks, the decomposition 
taking place under a strong pressure and at a high temperature. 

2. The free bitumen is formed also by the decomposition of certain mollusks or crustaceansin a sea of little depth, ata high temperature,. 
but under an insufficient pressure to make this bitumen impregnate the oyster shells (pour former ce bitume a imprégner les coquilles- 
Vhuitre). 

3. Petroleum is due to the decomposition under water of mollusks, a decomposition which has taken place at a temperature too low 
to transform it into bitumen (asphalt), but under a pressure more or less considerable. 

4. The beds of white limestone formed also by the accumulation of fossil oysters, and which contain neither asphalt nor petroleum, . 
have been formed under such conditions that the products of the decomposition of animal organic matter have been evaporated. 

5. Finally, combustibles only, or pyroschists (bitumés fixes), have been formed by the decomposition of plants, while all the 
preceding are of animal origin. (c) 


In 1872 M. Thoré published a paper on the “ Presence of petroleum in the water of Saint Boés (Basses- | 
Pyrénées)”, in which he says “petroleum floats on the water of the springs, and the rocks are saturated with it”, 
and continues: 

The comparison of observations seems to indicate in the department of the Basses-Pyrénées between the lower and middle Cretaceous. 
formations a considerable impregnation of petroleum, due probably to igneous action or an eruption of ophite. The more this origin is 
examined the more one is convinced, because the greater part of the deposits of petroleum which prove valuable to the countries in which 
they are found are evidently related to the rocks of igneous origin, which may be considered as being the principal cause of its formation, 
or, at least, of the appearance of mineral oil. (d) 

In 1837 M. Dufrenoy showed that the change from colored to white marble in the Pyrenees was due to the- 
expulsion of bitumen by heat. (e) It is also maintained that jet is a distillate. (/) 
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One of the most noted papers on petroleum that has appeared in the United States was published by Dr. J S. 
Newberry in 1859. In this paper he says: 

The precise process by which petroleum is evolved from the carbonaceous matter contained in the rocks which furnish it is not yet 
fully known, because we cannot in ordinary circumstances inspect it. We may fairly infer, however, that it is a distillation, though 
generally performed at a low temperature. 

We know that vegetable matter—and the same may be said of much animal tissue when the conservative influence of life has ceased 
to act—if exposed to the action of moist air, is completely disorganized by a process which we call decay, which is in fact combustion or 
oxidation. This change takes place slowly, and without evolution of light and heat, the usual accompaniments of combustion, in a 
degree appreciable by our senses. 

When, however, carbonaceous organic tissue is busied: in moist earth or submerged in water oxidation does not at once ensue, or 
at least takes place to a limited extent, measured by the amount of oxygen present. In these circumstances bituminization takes place. 
This process consists mainly in the union of hydrogen, from the tissue itself or its surroundings, with a portion of the carbon, to form 
carbureted hydrogen, which perhaps escapes, and the hydrocarbons constituting the bitumen, which usually remains as a black, pitch- 
like mass, investing the fixed carbon. By this process peat, lignite, and coal are formed, which are solids, and doubtless some liquid and 
gaseous hydrocarbons whicli escape. Now, when we heat these solid bitumens artificially at a sufficiently high temperature, if in contact 
with oxygen, combustion ensues, and water and carbonic acid are formed from them. At a lower temperature they are converted into 
gaseous hydrocarbons; still lower to oils. (a) 

In an article published by Professor E. B. Andrews in 1861 he calls attention to the fact that the town of 
Newark, Ohio, has been for several years lighted by the uncondensed gas from the coal-oil manufactories, and infers 
that in the spontaneous distillation of bituminous substances a large amount of gas must be generated along with 
the oil. He refers to the theory which had been recently brought forward by Dr. Newberry, and says 

The chief objection to it is the fact that the coal, cannel and bituminous, in our oil regions gives no evidence of having lost any of 
its full and normal quantity of bitumen o1 hydrocarbons. For example, at Petroleum, Ritchie county, Virginia, where strata have been 
brought up by an uplift from several hundred feet below, seams of cannel and piorens coal appear, which, if judged by the standard 
of Nova Scotia or English coals, have lost none of their bituminous properties. * * 

The other theory, that the oil was produced at the time of the original bituminization of the vegetable or animal matter, has many 
difficulties in its way. If the oil were formed with the bitumen of the coal, we should expect that wherever there is bituminous coal 
there would be corresponding quantities of oil. This is not so, in fact; for there is no oil, except in fissures in the rocks overlying the 
bituminous strata. * * * Again, upon this theory, it will be difficult to explain the anne quantities of inflammable gas always 
accompanying the oil. If it is generated exclusively from the oil, then we should expect to find the quantity of the oil least where the 
gas-springs have for ages been most active, but at such places fhe oil, instead of being wasted, is most abundant. (b) 


The distinguished French geologist, Daubrée, had published the previous year his Studies upon Metamorphism, 
in which he had discussed the relation of bituminous substances to metamorphism as follows: 


Bitumens and other carbides of hydrogen, according as their state is solid, liquid, or gaseous, whether impregnating beds, flowing 
as petroleum, escaping from the soil, as in salses, mud volcanoes, burning springs, ete., are in general only the vent-holes (évents) of 
deposits of bitumens. The different deposits of bitumen present as general or at least remarkably frequent characteristics: 

1. Association with saline formations. 

2. Being situated in the neighborhood of deposits of combustible minerals, or strata charged with vegetable débris. 

3. Being associated with igneous accidents, ancient or modern; that is to say, with volcanoes or irruptive rocks, or with dislocated 
strata. 

4, Frequently accompanying thermal springs, often sulphurous, and deposits of sulphur. (c) 

Several of my experiments account for these relations. In submitting fragments of wood to the action of superheated steam I have 
changed it into lignite, coal, or anthracite, according to the temperature, and I have also obtained liquid and volatile products resembling 
natural bitumens and possessing the characteristic odor of the petroleum of Pechelbronn. It is thus that the presence of bitumen in 
certain concretionary metalliferous veins is accounted for; as, e. g., Derbyshire, Camsdorf, and Raibl, in Carinthia. 

Finally, bitumens are probably derived from vegetable mibetanced? as it appears not to bea brnar product of dry distillation, but to 
have been formed with the concurrent action of water, and perhaps under pressure, graphite being only the most exhausted (épuisé) 
product of these substances. These divers compounds of carbon are incident, then, to certain transformations which take place in the 
interior of the rocks, apparently under the influence of an elevated temperature. The activity and even the violence, at times capable 
of producing slight earthquakes, with which carbureted hydrogen has sometimes been associated in the Tauride, on the borders of the 
Caspian sea, and in the environs of Carthagena, in South America, prove that the action that has sometimes disengaged bitumen continues 
to the present time. (d) 


Section 5.—AN ATTEMPT TO INCLUDE OBSERVED FACTS IN A PROVISIONAL HYPOTHESIS. 


The studies which I have made upon petroleum, extending now over a period of more than twenty years, and 
especially those which I have made in preparing this report, lead me to the conclusion that as yet very little is 
known regarding its chemical geology. As no one has studied the chemical properties of different varieties of 
petroleum in relation to their geological occurrence in any effective manner, it would be extremely rash for any 
one to dogmatize with reference to the origin of bitumens. I am, however, led to state the conclusions that a 
careful survey of our available knowledge of the subject has enabled me to reach. Iam convinced that all bitumens 
have, in their present condition, originally been derived from animal or vegetable remains, but that the manner of 
their derivation has not been uniform. I should therefore exclude both classes of chemical theories ; the first as 








a Rock Oils of Ohio; Ohio Ag. Rep., 1859. 

BeAy Is 9+ (2), Xx x11, 85: 

cI have omitted the numerous illustrations. 

d Etudes sur le Métamorphisme, p. 73. M. Daubrée adds in a note: ‘Graphite and bitumen are associated in Java in proximity to 
volcanic formations and a Tertiary lignite, from which jets of carbureted hydrogen escape.” 
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impossible, the second as unnecessary. There remains the hypothesis that bitumen is indigenous in the rocks in 
which it is found and that which regards all bitumens as distillates, but whichever of these hypotheses be accepted, 
the modifying fact remains that there are four kinds of bitumen: 

1. Those bitumens that form asphaltum and do not contain parafiine. 

2. Those bitumens that do not form asphaltum and contain parafiine. 

3. Those bitumens that form asphaltum and contain paraffine. 

4. Solid bitumens that were originally solid when cold or at ordinary temperatures. 

The first class includes the bitumens of California and Texas, doubtless indigenous in the shales from which 
they issue. It is also probable that some of the bitumens of Asia belong to this class. 

I have described the conditions under which bitumens occur on the Pacific coast of southern California in great 
detail in the reports that I have made to the geological survey of that state, (a) the forms found there being almost 
infinite in gradation, from fluid petroleum to solid asphaltum; but I have been unable to obtain any information 
from the parties who are operating in Santa Clara county other than that contained in newspaper reports, which 
are too unreliable to be used in this connection. In Ventura county the petroleum is primarily held in strata of 
shale, from which it issues as petroleum or maltha, according as the shales have been brought into contact with 
the atmosphere. The asphaltum is produced by further exposure after the bitumen has reached the surface. These 
shales are interstratified with sandstones of enormous thickness, but I nowhere observed the petroleum saturating 
them, although it sometimes escaped from crevices in the sandstone; nor was the bitumen held in crevices of large 
size nor under a high pressure of gas, as the disturbed and broken condition of the strata, folded at very high 
angles, precluded such a possibility. 

The relation of the asphaltum to the more fluid materials became a question of great importance to those engaged 
in prospecting for petroleum in that region in 1865 and later, and having made the solution of this problem a constant 
study for months, I finally came to the conclusion expressed above. My opinions were based on the following facts: 
a quantity of petroleum from the Catada Laga spring remained in an open tank for fifteen months fully exposed — 
to the elements, and increased 0.035 in specific gravity. Maltha has been obtained in wells so dense as to lead to 
their abandonment. Three attempts were made by the Philadelphia and California Petroleum Company to drill a 
well on the San Francisco ranch, and the greatest depth reached was 117 feet; but at that depth the maltha was so 
dense that it could not be pumped out, nor could it be drawn out with grappling-hooks, and was so tenacious as to 
clasp the tools so firmly as to prevent further operations. These wells were located near an asphalt bed on a gently 
sloping hillside, where the strata were very much broken and easily penetrated by rain-water. The Pico spring, 
yielding petroleum issuing from shales, overlaid with unbroken bands of thick sandstone, was only a short distance 
beyond in the same range of hills, and still further were several other localities, all yielding more or less fluid 
maltha from natural springs, wells, and tunnels. The density of the bitumen, however, was in every case in direct 
proportion to the ease with which rain-water could percolate the strata from which itissued. On the plains northwest 
of Los Angeles an artesian boring that penetrated sandstones interstratified with shale yielded maltha at a depth 
of 460 feet. 

Perhaps that portion of the sulphur mountain lying between the Hayward Petroleum Company’s tunnels in 
Wheeler’s cafion and the Big Spring plateau on the Ojai ranch furnishes the most striking illustration of the 
occurrence of bitumens in this region. A section of the strata at this point is given in Fig. 6. From this section 
it will be perceived that there is a synclinal fold in the shale forming the mountain, and that the strata dip into the 
mountain on both sides. The belt of rock yielding petroleum on the south side, in which the tunnels are driven, is 
fully protected by from 700 to 800 feet of shale, while the mountain side is nearly perpendicular. On the opposite 
side, however, the belt comes to the surface, presenting the upturned edges over a nearly horizontal area. These 
tunnels yielded the lightest petroleum at that time obtained in southern California, while the maltha in the Big 
Spring that issued from the detritus covering the shale was so dense in December, 1865, that it was gathered and 
rolled into balls, like dough, and removed in that condition. (b) 

The topography and stratigraphy of the coast ranges of Santa Barbara, Ventura, and Los Angeles counties are 
very complex. The Santa Barbara islands are voleanic, and lava-flows are described as having formed cascades 
over cliffs of sedimentary rocks as they descended into the sea. On the mainland no lava appears to have 
reached the surface, although between Las Posas and Simi, along the stage-road leading from San Buenaventura 
to Los Angeles, on an eroded plateau surrounded by low mountains, fragments of scoriz are scattered over the 
ground. The coast ranges here appear to have been produced by parallel folds, each successively higher, by which 
enormously thick beds of sandstone, interstratified with shale, were thrust up at an angle of about 70°, producing 
parallel anticlinals. These anticlinals were subsequently eroded in such a manner as in many instances to produce 
valleys and plateaus, where the sandstones are broken through to the softer shales beneath. This is the case with 
the western extremity of the fold which, commencing at point Concepcion, extends eastward to Mount San 
Bernardino. West of the Sespé the sandstone crest has been completely removed and the shales cut away, until, at 
the Rincon, east of Santa Barbara, the erosion reaches the sea-level, and beyond, to the westward, the upturned 
edges of the shale form the bed of the ocean. The narrow plain on which Santa Barbara stands, lying between the 











a Report Geological Survey of California: Geology, II. Appendix, pp. 48-90. b 8. F. Peckham, Ame C., iv, 6. 
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Santa Ifiez mountains and the sea, consists of Pliocene and Quaternary sands and gravels resting upon the eroded 
shales. East of the Rincon and mount Hoar the table-lands lying in the trough of the anticlinal gradually ascend 
until at the Sespé the sandstone caps the high mountain to the eastward, said to be the highest in that region. 
This range extends eastward, occasionally broken by transverse cailons, until, near the headwaters of the Santa 
Clara river, at the Soledad pass, it becomes merged in the San Rafael range, beyond the San Fernando pass. 

Between point Concepcion and point Rincon, where the stratum of sand occurs saturated with maltha, (a) the 
latter has risen and floated on the sea and attracted the notice of travelers ever since that coast was known to 
Europeans. At point Rincon, where the anticlinal recedes from the coast, maltha rises and saturates.the Quaternary 
sands. As the ascending plateau passes farther inland, we find in the line of hills east of mount Hoar and in the 
Santa Iiez mountains a line of outcrop of the bituminous strata on the east and west sides of the basin. East of 
the San Buenaventura river the local synclinal fold in the shale forming the sulphur mountain gives four lines 
of bituminous outcrop, shown on the section, Fig. 6b. In the cafions east of the Sespé, wherever the bituminous 
strata have been reached by erosion, tar-springs and asphalt beds are the result. The deeply eroded narrow 
valleys which cover the cquntry east of Santa Barbara and south of the coast range present ina distance of a few 
miles the greatest lithological variations, and expose the bituminous strata under the greatest possible diversity 
of conditions. For this reason we meet here every possible form of bitumen in every possible degree of admixture, 
with pure sand, soil, detritus, and animal and vegetable remains. 

The exceedingly unstable character of these petroleums, considered in connection with the amount of nitrogen 
that they contain and the vast accumulation of animal remains in the strata from which they issue, together with 
the fact that the fresh oils soon become filled with the larvze of insects to such an extent that pools of petroleum 
become pools of maggots, all lend support to the theory that the oils are of animal origin. (d) 

The second class of petroleums includes those of New York, Pennsylvania, Ohio, and West Virginia. Theseoils 
are undoubtedly distillates, and of vegetableorigin. The proof ofthis statement seems overwhelming. Pennsylvania 
petroleum was examined in 1865 by Warren and Storer (c) in this country, and in 1863 by Pelouze and Cahours 
in France,(d) who found the lighter portion to consist of a certain series of hydrocarbons, identical with those 
obtained in the destructive distillation of coal, bituminous shales, and wood when the operation was conducted at low 
temperatures. Messrs. Warren and Storer also discovered that the same series of hydrocarbons could be obtained 
by distilling a lime soap prepared from fish-oil. (e) The experience of technology has shown that if coals or pyroschists 
are distilled at the lowest possible temperature, particularly in the presence of steam, a black tarry distillate is 
obtained, along with a considerable quantity of marsh-gas and very volatile liquids, that cannot be condensed 
except at low temperatures. If these distillates are redistilled, the second distillate may be divided into several 
different materials, beginning with marsh-gas and ending with very dense oils, heavily charged with paraffine. It 
is impossible to conduct this primary or secondary distillation without producing marsh-gas, but the amount 
and the density of the fluid produced will depend on the temperature at which the distillation is carried on and the 
rapidity of the process. The use of superheated steam is found to increase the quantity of the distillate, and to 
prevent overheating and the formation of other hydrocarbons than those belonging to the paraffine series. 

The section compiled by Mr. Carll shows the Devonian shales above the corniferous limestone and below the. 
Bradford third oil-sand to be 1,600 feet in thickness. This shale outcrops along lake Erie, between Buttalo, New 
York, and Cleveland, Ohio. It is for the most part the surface rock in the neighborhood of Erie, Pennsylvania, and 
southward to Union City, and no one can examine it without noticing the immense quantity of fucoidal remains 
that it contains. Professor N.S. Shaler discusses in much detail the extent and character of the Devonian black 
shale of Kentucky, and estimates it to cover 18,000 square miles at an average depth of 100 feet, and to yield on 
distillation 15 per cent. of fiuid distillate. It is not necessary to follow him in his calculations of the enormous 
bulk of this distillate as represented in barrels; the important point in this connection is that it is a very persistent 
formation, being revealed by borings over a very wide area, and doubtless extends beyond the boundaries of 
Kentucky, eastward beneath the coal measures which contain the petroleum. (/) 

If, however, the Devonian black shales are inadequate, both on account of extent and position, as a source of 
supply, we may descend still lower in the geological series to the Nashville limestone and other Silurian rocks that 
underlie that region. Professor Safford, in a recent letter, writes : 

The Lower Silurian limestone in the basin of middle Tennessee is about 1,000 feet thick. I have divided it in my Geological Report into 
the Lebanon limestone (or division) and the Nashville, each about 500 feet, the Nashville being the upper division. Including the Upper 


Silurian limestones, the whole thickness of the limestones, in which are found occasionally little pockets or geodes and cavities of 
petroleum, is not far from 1,200 feet. 
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The most of the petroleum has been found in the upper part (the Nashville) of the Lower Silurian, as, for example, the larger cavities 
near or on the upper Cumberland river, in the neighborhood of the Kentucky line, both within Kentucky and Tennessee. 
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a See page 21. ce Mem. Am. Acad. N. Si., ix, 176; A. J.S.,(2), xli, 139. e Mem. A. A. N. S., ix, 177. 
6 8. F. Peckham, P. A. P.S., x,452. d Ann. C. et P. (4), 1, 5. Sf Rep. Geo. Survey, Kentucky, N.S., iii, 109. 
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These limestones underlie the whole petroleum region of southeastern Kentucky and middle. Tennessee. 

The objection urged by Professor Andrews, that the coals in the measures of West Virginia and Ohio among 
which these oils occur have lost nothing of their volatile content, is without force here. Professor Shaler (Report 
of the Geological Survey of Kentucky, new series, iii, 171) says: . 

The condition of the beds that lie below the black shale in the Cincinnati group or in the Niagara section show that there has been 
no great invasion of heat since the beds were deposited. Clays, which change greatly under a heat of 1,000° F., are apparently exactly 
as they were left by the sea, and beds retain their marine salts just as when they were deposited. Any great access of temperature in 
this deposit of the Ohio shale would have been attended by an almost equal rise of temperature in the coal-beds which lie within a few 
hundred feet above; but these coal-beds are free from any evidences of distillation or other consequences of heat. We have already seen 
reasons for supposing an erosion of some 3,000 or 4,000 feet of strata from this section; if we could reimpose this section we should 
probably bring up the temperature of these rocks by the rise in the isogeothermals, or lines of equal internal heat, about 60°. * * * 
We are not able to suppose that the accumulation of strata would have elevated the temperature above the boiling point of water. 

The hypothesis which may be found to account for the formation of this coal-oil must take into consideration the impossibility of its 
generation at another point and its removal to this set of beds and the impossibility of supposing that it has been in any way the result 
of high temperatures. 

The range of temperature between “the boiling point of water” and 1,000° F.”,; which is here allowed, is 
ample for all purposes of explanation. 

Mendeljeff objects that “the sandstones impregnated with petroleum have never exhibited the carbonized 
remains of organisms. In general, petroleum and carbon are never found simultaneously”. These three objections— 
first, that the supply of organic matter is inadequate; second, that there are no evidences of the action of heat 
upon the rocks holding the oil; third, that there are no residues of fixed carbon observed in the rocks holding the 
oil—are those which have appeared to satisfy those who do not accept the hypothesis that regards petroleum as a 
distillate. I think the first has been already answered. The second and third I shall now examine. 

It is not the effects of heat, as represented by volcanic action, that have produced petroleum, although in one 
notable instance parafiine and other constituents.of petroleum have been found in the lava of Etna.(a@) A comparison 
of the analyses of the gaseous emanations of volcanoes with those of gas and petroleum springs shows that the 
former consist mainly of carbonic acid and nitrogen, while the latter consist mainly of marsh-gas. Bitumens are 
not the product of the high temperatures and violent action of volcanoes, but of the slow and gentle changes at 
low temperature due to metamorphic action upon strata buried at immense depths. 

The extent of the Paleozoic formations of the Mississippi valley and the general conformation of the bottom 
of the ancient seas has been fully described by Professor James Hall, who says: (bd) 

In all the Lower Silurian limestones we trace the outcrop to the west and northwest from the base of the Appalachians, in New York 
or in Canada, to the Mississippi river, and thence still in the same northwesterly direction. * * * Instead of finding the lower Helderberg 
(Upper Silurian) strata in lines parallel with those of the preceding rocks, the relative direction of the main accumulation and the 
principal line of exposures is diagonally across the others. * * * Theline of outcrop and of accumulation has been from northeast to 
southwest, and they occur in great force far to the northeast in Gaspé, on the gulf of Saint Lawrence. * * * The greatest accumulation 
of material in the period of the Hamilton, Portage, and Chemung groups (Lower and Middle Devonian) lies in the direction of the 
Appalachian chain. * * * In Gaspé there are 7,000feetof strata, * * * while in western New York the whole together would 
scarce exceed 3,000 feet. We have therefore the clearest evidence that the strata thin out in a westerly direction. * * * In 
considering the distribution of the masses of the formations which we have here described we find that the greatest accumulations 
have been along the direction of the Appalachian chain. The material thus transported would be distributed precisely as in an ocean 
traversed by a current like our present Gulf Stream, and in the gradual motion of the waters during that period to the west and 
southwest the finer material would be spread out in gradually diminished quantities, till finally the deposit from that source must cease 
altogether. * * * LThave long since shown that * * * the portion of the Appalachians known as the Green Mountain range is 
composed of altered sediments of Silurian age. * * * The evidences in regard to the White mountains, to a great extent, are of 
newer age than those of the Green mountains, or Devonian and Carboniferous. * * * The statements of Sir William Logan in 
regard to the great accumulation of stratain the peninsula of Gaspé, together with the observations of Professor Rogers in the Appalachians 
of Pennsylvania, lead to the inevitable conclusion that the sedimerts of this age must everywhere contribute largely to the matter 
forming the metamorphic portion of the Appalachian chain, as well as to the non-metamorphic zone immediately on the west of it. 


Reference to Map III shows the manner in which the outlined areas that have yielded petroleum correspond 
to the trend of these deposits of sediment as described by Professor Hall. 

It is not necessary here to discuss the nature or origin of métamorphic action. It is sufficient for our purpose 
to know that from the Upper Silurian to the close of the Carboniferous periods the currents of the primeval ocean 
were transporting sediments from northeast to southwest, sorting them into gravel, sand, and clay, forming gravel 
bars and great sand-beds beneath the riffles and clay banks in still water, burying vast accumulations of sea weeds 
and sea animals far beneath the surface. The alteration, due to the combined action of heat, steam, and pressure, 
that involved the formations of the Appalachian system from point Gaspé, in Canada, to Lookout mountain, in 
Tennessee, involving the carboniferous and earlier strata, distorting and folding them, and converting the coal into 
anthracite and the clays into crystalline schists along their eastern border, could not have ceased to act westward 
along an arbitrary line, but must have gradually died out farther and farther from the surface. 





a Silvestri, Gaz. Chim. Ital., vii, 1; Chem. News, xxxv, 156; B. D., C. Ge, 1877, 293. 
b Nat. Hist. N. Y., Paleontology, iii, 45-60. * 
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The great beds of shale and limestone containing fucoids, animal remains, and even indigenous petroleum, 
“must have been invaded by this heat-action to a greater or a less degree, and that ‘chronic evaporation” of Professor 
Lesley must have been the inevitable consequence. 

Too little is known about petroleum at this time to enable any one to explain all the phenomena attending the 
-occurrence of petroleum on any hypothesis; but it seems to me that the different varieties of petroleum, from 
Franklin dark oil, near the surface, to Bradford and Clarendon amber oil, far beneath the surface, are the products 

--of fractional distillation, and one of the strongest proofs of this hypothesis is found in the large content of paraffine 
in the Bradford oil under the enormous pressure to which it is subjected. So, too, the great pools of oil in southern 
Kentucky are without doubt distilled from the geode cavities beneath and concentrated in superficial fissures of the 
rocks near the surface, The oil of the American well is very different in many respects from Pennsylvania oil; and 
that from the Phelps well, on Bear creek, Wayne county, Kentucky, has an odor identical with that of the petroleum 
-of southern California, in that respect totally unlike the petroleum of West Virginia, and evidently an oil of animal 
-origin that has not been subjected to destructive distillation. 

If this hypothesis. which embraces all the facts that have thus far come within my knowledge, really represents 
‘the operations of nature, then we must seek the evidences of heat action at a depth far below the unaltered rocks 
in which the petroleum is now stored. We ought to expect to find the coal in its normal condition. Weshould not 

-expect to find the carbonized remains of organisms in the rocks containing petroleum. As the metamorphic action 
took place subsequent to the carboniferous era, we should expect to find the porous sandstones of that formation 
an certain localities saturated with petroleum. We should expect a careful observer like General A. J. Warner to 
write concerning them: , 

Now, while these several sand rocks when they come to the surface contain calamites, stigmaria, and other fossil plants of the 
lower coal measures, they contain nothing from which petroleum could possibly have been derived. (a) 

Moreover, we should expect to find these coal-measure sandstones and conglomerates on-the western border 
of the heated area, where the thinning out of the deposits brought down the coal measures nearer the Devonian 
shales and Silurian limestones, first saturated with petroleum, and then, through ages of repose, gradually cut down 
by erosion into the cantons of Johnson county, Kentucky, and exhibiting all of the phenomena described by 
Professor Lesley 

The inadequacy of the scattered remains of plants in the coal-measure sandstones as a source of the petroleum 
‘that saturates them is shown by the following calculation : 

‘Should the Mississippi send down one tree a minute for a century, with an average length of 40 feet and a foot in diameter, and 
“these be laid together side by side at the bottom of the sea in a single stratum, they would only cover a space of 200 acres. Were it possible, 
which it is not, to compress and crystallize these lignites into one stratum 6 feet thick, they might then constitute a coal-bed covering 20 
eacres. All the forests of the Mississippi valley could not furnish to the sea from their river spoils during a hundred thousand years 
-one of the anthracite coal-beds of Schuylkill county. (0) 

M. Coquand gives the following réswmé of the geological formations represented in Roumania: 

The Tertiary formation in connection with the clays of the steppes constitutes a continuous and concordant system, in which may be 
distinguished at the base the nummulite beds representing the great Paris limestone. 

1. The Superior Eocene, composed at its base of rock-salt, gypsum, saliferous slates, bituminous schists, and marls with menilites; 
and above of the ‘‘Flysch formation” properly speaking, consisting of alternations of micaiferous sandstones (macigno), of limestones 
(albérese), and of argillaceous schists (galestri), this superior part being characterized by Chondrites Targioni, intricatus, furcatus, and by 
-alveolinus, the ensemble corresponding to the fucoidal Flysch of Switzerland, the Apennines, Algeria, Sicily, the gypsums of Montmartre, 
-and the saline and sulphurous gypsum of Sicily; also the rock-salt of the high plateau of Algeria. 

2. The Miocene stage, which is the first level of petroleum in the Carpathians. The inferior part comprises at its base sandstones and 
saline slates, with Cyrena convexa and sandstones corresponding to those of Fontainebleau, the superior part of sandstones, slates, and 
limestones corresponding to the molass of Carry and Syracuse; also to the gypsum and rock-salt of Volterra, in Tuscany, and the province of 
Saragossa, to Marinen Tegelund Sand (néogoéne ot M. Haidinger); to the terrain tertiaire miocéne marin of M. Abich; to the terrain tertiaire inférieur 
-of M. de Verneuil. The superior part comprises slates and the grés d congéries with lignites, amber, and asphalt, and is characterized by 
Paludina, Achatiformis, Congeria subcarinata, Cardium, Souriétié, ete., corresponding to the Congerientschisten of MM. Haidinger and Hauer 
{partie supérieure de leur terrain tertiaire néogene), to the terrain tertiaire supérieur of M. de Verneuil, and to the Pliocene of M. Abich. 

3. Pliocene stage, which is the second level of petroleum in the Carpathians. It comprises conglomerates and pudding-stones at its base, 
and above black slates, producing the steppe formation of Moldavia and Wallachia. It corresponds to the superior marine sub-Apennine 
formation, to the steppes of tbe Crimea and the Caucasus, to the desert of Sahara, and the marine deposits of Kertsch oe Ostrea lamellosa, 
Brocchi; Chama gryphina, Lani; Calyptrea sinensis, and Linni. 

4. The recent formations comprising the earthy deposits in the environs of Buséo and the recent alluvium of the Danube. 

It is noted further, according to M. Coquand, “that the petroleum of Wallachia is in the inferior Tertiary, with 
‘mud volcanoes and rock-salt; that the ‘‘ Flysch a Fucoids” is the horizon in Moldavia corresponding to the formation . 
in which it occurs in the Crimea, Transylvania, Galicia, Volterra of Tuscany, the Apennines, Sicily, and Algeria, 
being everywhere rich in fucoids”, who further remarks “that it is only in the slates that it preserves its liquid state, 
-and when it had been brought in contact with permeable rocks, such as sandstones, those rocks imbibed the mineral 
-oil and were changed into asphalt. He accounts for this by assuming that in the porous strata the oil loses by 
evaporation its volatile principles. He further remarks that the petroleum is not in the rock-salt, but in the slates 
contiguous to it, rich in fucoids and the remains of marine animals. (c) 





aA. J.S8. (3), ii, 215. b J. P. Lesley: A Manual of Coal and its Topography, page 49. ce B.S8.G.F. (2), xxiv, 505. 
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In Galicia the petroleum is found saturating coarse and fine sandstones in zones or horizons, the lighter oils 
being found deepest. 

This sandstone is abundantly permeated with limestone; yet in all fissures and on almost all surfaces the products of dry distillation are 
plainly recognizable, as also earth-wax and tough black maltha, and particularly asphalt. These products of distillation in many places. 
extendeven up to the surface, particularly in the northwestern part of the oil-bearing formations. The cavities of asphaltum were known 
in ancient times, and the thick fluid earth-oil which oozed out upon the surface was sometimes used as a lubricant for the axles of wheels. (a) 

The largest yield of petroleum has not been found in the neighborhood of asphalt beds, but farther east, where 
gas-springs called attention to the probability of reaching petroleum below the surface. It was remarked that the’ 
harder the sandstone the greater the pressure of gas and the deeper the source of the oil. 

Fig. 7 gives asection from Boryslaw, in east Galicia, to Schodinea. It exhibits a synclinal of schists, standing, 
where exposed, nearly perpendicular and flanked with sandstones. The wells are sunk in the schists. It resembles. 
a section of the sulphur mountain in California. (See Fig. 6, page 68.) 

The conclusions reached by geologists regarding the occurrence of petroleum in Galicia show that the central 
core of the Carpathians consists of metamorphic rocks, on the flanks of which lie the members of the cretaceous- 
and tertiary formations, consisting of limestones, sandstones, and shales, the latter being, for the most part, rich 
in organic matter, both vegetable and animal, such as fossil fucoids and fish. In east Galicia and Bukowina 
heavy beds of black bituminous shales are particularly noticeable. (b) These formations lie in folds, the petroleum 
occurring under the arches of anticlinals rather than in the troughs of the synclinals. 

The facts to be obtained regarding the occurrence of the petroleum of Asia are very few. It appears to be: 
generally conceded that the formation from which the petroleum in the neighborhood of the Caucasus arises is- 
Tertiary, but so far as I can ascertain it issues rather from erratic beds of sand in superficial clays than from any 
well-defined formation. Lartet appears to regard the bitumen of the Dead sea as of voleanic origin.(¢c) The 
petroleum of Java lies in the Tertiary beneath alluvium, which flanks the volcanic core of the island. (d) 

Granting that the petroleum of the Niagara limestone at Chicago is indigenous, the invasion of that limestone 
by steam under high pressure would cause the petroleum to accumulate in any rock lying above sufficiently porous. 
or fissured to receive it. The mingling of oils that contain paraffine and oils that produce asphaltum, and the 
occurrence of paraffine in large masses in porous strata filled with the remains of fucoids and marine animals that 
flank the core of crystalline metamorphic schists in Roumania and Galicia, offers the strongest support to this 
hypothesis. The fact that the eruptive rocks of lake Superior and the metamorphic rocks farther east prevail to 
such an extent that that vast inland sea has been supposed to be the crater of an extinct voleanic lake lends the 
strongest support to an hypothesis that regards the vast accumulations of petroleum in western Canada as due to 
the invasion of strata on the borders of this heat-center, in which the petroleum is indigenous, by a sufficiently 
elevated temperature to cause its distillation. 

It appears to me that mud volcanoes and hot springs are properly regarded as the phenomena attending the 
gradual subsidence of metamorphic action in the crust of a cooling earth, and that petroleum or maltha is but the 
accident of such phenomena, when strata containing organic matter are still invaded at a great depth by a 
temperature sufficient to effect the distillation of their organic content. Gas-springs may also own the same origin, 
or the gas may escape from deep-seated reservoirs, the product of a distillation long since completed. 

The fourth class of solid bitumens occur in great variety. The universal distribution of bituminous material 
in rocks was noticed in 1823 by the Hon. Geo. Knox, in a paper read before the Royal Society of Great Britain. (e) 
The occurrence of disseminated bitumen in metamorphic rocks at Nullaberg, in west Sweden, supposed to be 
Laurentian, has been described; (f) also in the Lower Silurian of south Scotland, (g) in Trap, near New Haven, 
Connecticut, (d) and in northern New Jersey, (i) all of which are manifestly the result of the action of heat upon 
the organic matter in stratified rocks. The occurrence of bituminous limestones in France and the valley of the 
Rhone, and the almost unanimous opinion of the French geologists that they are the result of igneous or 
metamorphic action, has already been mentioned. 

There remain the phenomena attending the occurrence of iarge veins of solid bitumen in Cuba, West Virginia, 
and New Brunswick, for which no adequate explanation has been proposed that does not Poona them as a 
product of distillation from deep-seated strata, which has been projected into a fissure formed by the sudden 
rupture of the earth’s crust. Dr. R. C. Taylor examined the vein which occurs in metamorphic rocks near Havana, 
and gives a section (Fig. 8) of the vein as it is exposed in the working of the mine. He says: 


It was evidently originally an irregular open fissure, terminating upwards in a wedge-like form, having various branches, all of 
which have been subsequently filled with carbonaceous matter, as if injected from below, and that not by slow degrees, but suddenly 
. and at once. (j) 








a J.K.K.G.R., xviii, 311. f L. J. Inglestrom: The Geo. Mag., iv, 160. 
b ie Walter, J. K. KGa Sock. g Quar. Jour. Geo. Soc., xi, 468. 

Ups bat. SRL Ihe, tr AL S28: (1), Xexvi, 114; (3), xvi, 112. 
y ene C. N., v, 188. 4A. J.8. (3), xvi, 130. 


e Phil. Trana., 1823. j Phil. Mag.,x, 161. 
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DRAWING OF A PIECE OF THE HURONIAN SHALE ENCLOSING THE ALBERTITE VEIN IN NEW BRUNSWICK, 
SHOWING THE MANNER IN WHICH THE ALBERTITE CLEAVES FROM THE ENCLOSING ROCK. 


THE NATURAL HISTORY OF PETROLEUM. 73 


In 1869 I made the origin of albertite and allied substances the subject of a paper, (a) in which I discussed the views 
held by others regarding it and compared them with the observations made in New Brunswick and West Virginia 
by Jackson, Wetherell, Lesley, Wurtz, and others, with my own observation of a vein on the coast of California. 
This latter vein is exposed on the coast west of Santa Barbara, and stands vertical, cutting the Pliocene and 
recent sands. With this vein are associated lenticular masses, extending horizontally, from which a sort of talus 
projects vertically into the sands beneath. The eruptive origin of these deposits is beyond question. 

Similar deposits are described by M. Coquand as occurring in Albania, as follows: 


The bitumen at Sélenitza does not lie in regular beds, but in masses, in the midst of the sandstones and conglomerates that preserve 
a sort of parallelism, each mass consisting essentially of a central portion of considerable thickness, which gradually thins out in all 
directions to zero. In no case does the bitumen penetrate the roof above the mass, but was evidently injected from below. Fig. 2 (0) 
shows a deposit that has furnished an enormous quantity of bitumen. These deposits occur as if during the sedimentation of the rocks 
at the bottom of the tertiary area the bitumen in a viscous state had filled the depressions in which it has accumulated, remaining pure or 
being incorporated with the slaty materials with which it is contaminated. A section of the mass corresponds in many cases to a flask 
filled with solidified water. The aligned basins appear to have been filled successively from the overflow of one into the other. It is 
evident that the masses, in spite of their irregularity, are parallel with the stratification. Generally the bitumen consists of compact, 
very homogeneous matters, and next to this variety the bituminous breccia should be mentioned. This consists of beds of gray slate of 
varying thickness, inclosing angular fragments of bitumen, separated from each other, but which are easily obtained by soaking in water 
the slate which serves to cement them. This breccia is represented by Fig. 9, often overlying a bed of asphalt, into which it passes by 
insensible gradations, and seems to form the upper portion of a liquid bath, into which the slate plunged and afterward regained the 
surface before its entire solidification. Exactly as in a blast-furnace, the slag becomes mingled with the metal in the last products of 
the tapping, producing a species of magma. More rarely the bitumen rolls itself upon itself (Fig. 10), thus producing spheres analogous to 
those which invest viscous matters when rolled in water or dust. The structure of them is concentric, resembling pea-stone, but is destitute 
of any nucleus so far as observed. These envelopes might result from progressive desiccation, the result of which leaves the bitumen 
divided into thin pellicles, like certain basalts, in which, on cooling, spheres of variable volume are produced composed of concentric 
coats. The globules are for the most part isolated in the midst of the slate, and are about one-third of an inch in diameter. Another 
curious form is shown in Fig. 11. It consists of an infinite number of threads crossing each other in all directions, producing a sort of 
stockwork. Fig. 12 shows a form which differs from the preceding in that the threads instead of being scattered in a capricious plexus are 
vertical and parallel. The contraction of the sandstone havingpopened these vertical and parallel vents, the bitumen following filled 
them, but from above downward. Sometimes the bitumen, as indicated by Fig. 13, is molded in cup-like depressions, which are 
terminated by a capillary tube. At other times ellipsoidal masses are introduced, some of which are as large as acannon-ball. They are 
aligned in positions parallel to the plane of the beds in which they repose. Masses of sandstone are sometimes met inclosed within 
the bitumen. Such are sometimes observed in beds of coal. 

It is to be observed that the threads that sometimes connect the masses of bitumen spring from the side and not from the top of 
them—a fact that is explained if we assume the ascending mass overflowed horizontally in this particular locality. 

A great many bivalves, especially Cardium, were observed filled with bitumen. He also discovered a very large Planorbis and other 
species with the interior filled with bitumen. After showing that the material could not have entered the rocks in a fluid state, he 
says: ‘It is then in the condition of glutinous bitumen that the maltha primarily entered the formation at Sélenitza. There is no 
evidence of the phenomena of salses, nor solfataras, nor volcanoes, which distinctively characterize the occurrence of petroleum properly 
so called.” 


M. Coquand states that there exists at present at one point in the ancient excavations a sort of crater that 

emits smoke and a great heat, but he assumes that the fire was lighted by the hand of man, which, as in burning 
collieries, slowly pursue their work of destruction. The clays from which the volatile products are expelled become 
a sort of brick, sonorous and red, and the sandstones are converted into porcelainites and quartzite, and break 
at the least shock into a thousand fragments. Fig.14 represents a section of the rocks in which the bituminous strata 
occur. . 
M. Coquand mentions in connection with the bituminous strata solfataras and mud volcanoes, both active 
and extinct, with which was associated more or less fluid maltha, which is at first very liquid, but soon becomes 
sirupy, and is finally added to the accumulations of the bituminous cone. The volcanic phenomena assume three 
forms: First, when inflammable gas escapes through the soil; second, when they escape with water and petroleum, 
forming craters of bitumen; third, volcanoes emitting hot water (volcan ardent). (c) 

From the foregoing it will appear that solid bitumen occurs in great abundance, filling variously-formed cavities 
in the Pliocene strata of Albania, and that maltha accompanies the water of springs from deep-seated strata, often in 
close proximity to active or extinct volcanic action of the mild forms observed as solfataras, mud volcanoes, or salses. 

The great similarity in the occurrence of intruded tertiary bitumens in Albania and California is very 
remarkable. 

No hint is given by Dr. Taylor respecting the age of the rocks inclosing the bitumen vein in Cuba, as at the 
time he wrote (1837) all metamorphic rocks were called primary. There is little doubt, however, that the vein in 








a A.J.S. (2), xlviii, 362. 

b See page 32. 

cB. 8. Q. F., (1), xxv, 35. The precise volcanic phenomenon designated by M. Coquand as volcan ardent is not clear. In one case it 
appears to be an ordinary volcano emitting lava, and in the present case a hot-water volcano; -but he afterward remarks that the 
Tertiary formations in the valley of the Vojutza do not contain the least trace of volcanic action, nor is there a volcanic or thermal 
spring in the whole country. I presume he refers in this latter sentence to outflows of scorie and lava, and does not include in the 
phrase volcanic action the mud volcanoes and solfataras, which he describes at some length. 
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New Brunswick and in West Virginia originated at nearly the same time and subsequent to the Carboniferous 
era, and it is certain that subsequent to that eraa great convulsion caused an upheaval that in collapse produced the 
White Oak anticlinal. Very near the southern end of this anticlinal the vein of grahamite occurs, cutting the 
horizontal sandstones of the coal measures vertically, but those who mined the vein declare that the material must 
have welled up from beneath into the fissure the instant it was formed, numerous fragments of the wall-rock 
being found imbedded in the asphaltum only 12 or 15 feet below the cavities from which they fell, with all their 
edges and angles sharp and exactly fitting each other. Curious curved lines, resembling those produced when a 
stone is dropped into mortar, are formed on these horses, suggesting the probability that they fell into a plastic 
mass that rolled upon them, producing lines of unequal pressure and adhesion that remain after the asphaltum 
has cleaved from them or the inclosing walls. Moreover, these walls of porous sandstone have not absorbed the 
bitumen to the thickness of a piece of paper. The significance of these facts was more forcibly impressed upon my 
mind when I found among a set of specimens from the albertite vein of New Brunswick a piece of the inclosing 
Shale, marked with the mineral in forms almost identical with those observed on the sandstone in West Virginia. 
Plates I and II are very carefully drawn from specimens from the two localities. 

It should be borne in mind that while this subject is one of speculation, pure and simple, it is one that has 
its valuable consideration outside the domain of scientific inquiry or curiosity, as affecting the sources and duration 
of supplies of petroleum, its profitable development, and commercial permanence. 

If petroleum is the product of a purely chemical process, we should not expect to find Paleozoic petroleums of 
a character corresponding with the simple animal and vegetable organisms that flourished at that period, and 
tertiary petroleums containing nitrogen, unstable and corresponding with the decomposition products of more | 
highly organized beings, but we should expect to find a general uniformity *. the character of the substance, 
wherever found, all over the earth. 

A mass of polypi undergoing decomposition upon a beach would doubtless saturate the sand with about the same kind of decomposition 
products as an equal bulk of alg; but when a mass of animal matter, consisting not only of the muscular tissue, but of all the non- 
nitrogenous substances entering into animal organisms, was thus subjected to decomposition, submerged in water, the product could not 
fail to be a nitro-hydrocarbon, which upon exposure to atmospheric oxygen would undergo a second decomposition into a greater or less 
number of the following-named products: carbon, hydrocarbons, ammonia or free nitrogen, carbonic acid, and water. The petroleums of 
southern California, issuing primarily from Miocene shales, are of precisely this unstable character. (a) 

The advocates of the chemical theory affirm that they provide for a process the conditions of which are 
perpetually renewed. It is thus continuous and at present active. On the contrary, if petroleum is the product of, 
metamorphism, its generation is coexistent only with that of metamorphic action; an action which we have no reason 
to believe has been prevalent on a large seale during the recent period. If we accept this hypothesis, the generation 
of petroleum is then practically: ended. 

M. A. Riviére has published a paper on the origin of combustible minerals. (b) His opinions are based on his 
observations of the effect on soil and organic matter in the soil of the leakage of illuminating gas from the pipes 
in which it is conducted. The effects which he attributes to marsh-gas are, however, due to the condensation of the 
tarry matter that is dissolved in the escaping gas, the coal-tar products produced at a high temperature not being 
constituents of petroleum to any great extent. The experiments of Professor Sadtler indicate the presence of 
minute quantities of benzole in the Bradford oil of Pennsylvania, (c) but it was not found by Warren and Storer in 
the Oil creek oils, its presence in the Bradford oil furnishing an additional reason for supposing it to be a fractional 
distillate produced under great pressure, and consequently at a comparatively high temperature. 
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CHapreR VI.—THE DEVELOPMENT OF OIL TERRITORY. 


In 1858 and 1859, just before Drake obtained oil in his well, the region now kuown as the “ oil region” was an 
almost unbroken forest. Here and. there along the valleys of the Allegheny and its tributaries the bottom-lands 
had been broken into farms, but on the hills, excepting in the neighborhood of the larger towns, there were but few 
cultivated tracts. The landscape along these winding streams was very beautiful. The towns were but little more 
than lumbering camps and trading stations, with few churches or school-houses, and the stores were for the most 
part kept by those engaged in the lumbering business, who employed nearly the entire population. This population 
traded a large proportion of the value of their earnings at the stores, and when the yearly settlements came they 
found a small balance due them. Those who were not engaged in rafting the lumber to Pittsburgh worked their 
small farms in summer and raised the small amount of produce required in the country, but in the winter lumbering 
was the engrossing occupation. Off the valleys of the main streams the roads were few and wretchedly poor. A 
few farms on the bluff southwest of Titusville had been occupied since 1798, and yet no public road had been built 
until some time after 1860. 

After Drake’s well was drilled, a demand arose for barrels and teams to haul the oil to points of shipment. 
‘This quiet and secluded region was invaded by adventurers from every direction, and the production of oil increased 
in volume so much more rapidly than the means of gathering and transportation that, although the production for 
the whole year of 1861 was only 1,035,668 barrels, less than the production of two weeks in 1880, the price fell in the 
fall of that year to 10 cents per barrel, and sales were reported as low as 6 cents per barrel. The influx of such an 
immense population into the villages and hamlets of this region taxed its agricultural resources to the utmost, and 
the construction of countless derricks, and the towns that were springing up like mushrooms along Oil creek and 
the Allegheny river, the making of tanks and thousands of barrels for storing and transporting the oil, gave 
a home market for the lumber of the country and stimulated an activity in business before unknown. Land along 
the creek supposed to be favorable for drilling purposes commanded fabulous prices; everybody had an interest 
in an oil-well; fortunes were suddenly made in one day and recklessly lost in another; and although railroads were 
pushed toward Titusville as rapidly as possible, the oil reached the surface faster than it could be disposed of, and 
was floated down the Allegheny river to Pittsburgh in bulk barges, many of which were broken up in the accidents 
of such navigation and the contents poured upon the stream. The valley of Oil creek became filled with derricks, 
and by 1863 the oil territory was supposed to be defined, when a daring prospector, having drilled a “ wild-cat” well 
on the hilis that border the valley, got oil, and wells were then spread over the hill country between Titusville and 
Tidioute. Meantime trunk lines had reached the valleys of the Allegheny and Oil creek, and the oil was moved 
out of the country. 

The development of oil territory had mean time acquired a habit which has become well defined, and has been 
repeatedly exemplified during the last fifteen years. Commencing with the sinking of test or “ wild-cat” wells 
outside the limits of any proved productive territory, the progress of such wells is eagerly watched, not only by 
those who pay for them, but also by many others who hope to profit by the experiment. While the experiment is 
in progress frequently all sorts of devices are resorted to to deceive others, not only to enable those engaged in the 
experiment to secure all the adjacent territory at favorable prices or leases, but also to prevent others from doing 
the same thing. 

The striking of oil in a new well is the signal for a grand rush, as those who have territory to dispose of express 
extravagant opinions regarding the yield of the wells and the extent of the territory. A quiet country village at 
once becomes the center of a large business. Teams come pouring in with oil-well supplies, lumber, and provisions ; 
a narrow-gauge railroad is projected and built with astonishing rapidity ; corner lots are sold at fabulous prices; a 
speculative population floats into the place, the individuals of which come and go; and a common laborer to-day 
becomes a month hence a foreman, and in six months the owner of a well, and after a year is a gentleman of fortune. 
‘The quiet country town, too, with its modest school-houses and churches, takes on metropolitan airs and vices, and 
farmers become money-changers, the lucky ones who ‘strike ile” and do not lose their heads usually gathering 
together their thousands and leaving the overgrown village for New York or some other city. Some few remain 
-and help to permanently improve the home of their childhood. Titusville, Oil City, Tidioute, Franklin, and Bradford 
-are all examples of. such towns. After a time the speculative phase is succeeded by that of settled and steady 
development, and the oil territory becomes outlined, the sagacious having secured control of the profitable tracts, and 
the floating population having by this time passed on to a new field, while their places have been filled by a more 
solid element, largely the moderately successful, because less reckless, who have come to stay. The influence of 
the floating and unsettled class is seldom saiutary. In one instance that has been brought to my notice the most 

reckless system of public improvements was undertaken. School-houses greatly larger and more expensive than 
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were necessary were built, and instead of being paid for by taxes levied on the oil that was then being taken fron» 
the ground, bonds were issued, payable at some future day, and left as a burden upon a community the extraordinary 
resources of which have long since been removed. 

The development of the oil territory proceeds, after its existence has been demonstrated, without regard to any 
other interest. The derrick comes like an army of occupation. In the towns a door-yard or a garden alike 
surrender its claims. The farms, fields, orchards, or gardens alike are lost to agriculture and given to oil, and on, 
the forest-covered hills the most beautiful and valuable timber is ruthlessly cut and left to rot in huge heaps. 
wherever a road or a derrick demands room. Pipe-lines are run over the hills and through the valleys, through 
door-yards, along streets, across streets and railroads, and here and there the vast storage-tanks stand, a perpetual. 
menace to everything near them that will burn. Nothing that I ever beheld reminded me so forcibly of the dire 
destruction of war as the scenes I beheld in and around Bradford at the close of the census year; and nothing else but 
the necessities of an army commands such a complete sacrifice of every other interest or leaves such a scene of 
ruin and desolation. 

But the wave of desolation passes over, and nature changes the scene in the same manner as she gathers and 
restores the ruins of battle-fields. Along Oil creek, for the most part, the derricks haye disappeared, and the 
brambles and the young forest are fast removing even a trace of their former presence. A visit to the famous. 
Pithole City, which in 1865 was, next to Philadelphia, the largest post-office in Pennsylvania, showed a farmer 
plowing out corn where the famous Shearman well had been, a waving field of timothy where the Homestead well 
had been, the site of the famous United States well hardly to be found by one who had known it all through 
its career, and of the city there remained but fifteen or twenty houses, rapidly tumbling to decay, but not an 
inhabitant. The country around this scene of so much activity fifteen years ago is growing up to forest, and is. 
not now valued at an amount equal to a year’s interest on the valuation of that time. 

Between the period of active development and absolute exhaustion comes the period of decay, when the 
derricks are rotting and falling to wreck, when property that has ceased to be productive has been sold at an 
extravagant price, and after accumulating debts has been abandoned. No one dares to claim the engine, boiler,. 
and other tools, for fear he may become liable for the debts. Fine-engines go to ruin, and boilers are eaten with 
rust; small boys and idle men throw tools and pebbles in the well, and finally the vender of old iron comes along 
and carries off the junk to the foundery. At other times theowners of the well have made strikes somewhere else;. 
and the well is then “ pulled out” andall the machinery is carried to another field. Enormous quantities of material 
were carried from Oil creek to Clarion and Butler counties, and from there to the Bradford district. 

The Oil creek region has now returned to the condition of an agricultural and manufacturing community,. 
in which the production of oil is no longer the absorbing topic of conversation and the paramount interest. 
On the lower Allegheny, in Clarion and Butler counties, the production of oil has become much lessened in 
importance, and the wreck of abandoned derricks in many localities presents a dismal picture. The Bradford field. 
is now in fully developed activity, and the destructive subordination of every other interest, and of all other 
considerations of ordinary value, is everywhere painfully apparent. With all this there is an evidence that so- 
called public improvements are only of a temporary character. The towns that are the result of the production of 
oil are scarcely more substantial than a military camp, and from lack of orderly arrangement, neatness, and 
sanitary regulations are far less inviting in their appearance. The railroads remind one forcibly of those built 
around Petersburg during the war, although they possess the elements of permanency to a greater degree, and the: 
destruction of so much valuable timber produces a melancholy aspect. 

The Allegheny district in New York is just opening up around Richburg, and all the phenomena Pea to the: 
first stages of an oil excitement are to be observed there. 

It is not to be inferred, however, that any of the sections into which the oil regions have been divided have: 
ceased to produce oil. Thera are wells now producing in sight of the spot where Drake drilled the first well; but 
large tracts of country cease to be the centers of speculative investment, and old wells to be remunerative, and the 
new wells no longer hold the possibilities of a grand lottery prize. It is the opinion that large areas in the Oil 
creek district will be redrilled and will produce in the aggregate large quantities of oil if the price ever reaches $2 a 
barrel. At present prices, the pumping wells of that district cannot successfully compete with the flowing wells. 
of McKean county. 
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CHAPTER VII.—THE PRODUCTION OF OIL. 


SEcTION 1.—PRIMITIVE METHODS. 


Oils and malthas appear to have been obtained in Persia from a very early period, but the methods employed 
were extremely simple. Most frequently the basin of the spring appears to have been surrounded by astone coping, 
and sometimes it was covered with some sort of a niche or building, but often the oil was simply skimmed from the 
surface of the water which it accompanied. Herodotus describes the manner in which, by means of myrtle branches, 
the bitumen was obtained from the springs in Zacynthus, now Zante. It is, however, by means of dug wells or shafts 
that petroleum has been usually obtained in regions where the art of drilling artesian wells was unknown. 

In Japan from a very remote period wells have been dug and tunnels have been run into hillsides for oil, 
Some of these abandoned drifts have caved in and large trees are growing upon them. 

In relation to the manner of working these wells, B.S. Lyman, in his Reports on the Geology of Japan, 1877, says: 


The present mode of working is very simple, a method that has probably grown into its present form in the course of centuries of 
experience, and is now apparentiy practiced in all the oil regions with little or no variation. The digging is all done by two men, one 
of whom digs in the morning from nine o’clock until noon, and the other from noon until three. The one who is not digging works the 
large blowing machine or bellows that continually sends fresh air to the bottom of the well. The blowing apparatus is nothing but a 
wooden box about 6 feet long by 3 wide and 2 deep, with a board of the same length and widtu turning in it upon a horizontal axis at 
the middle of each long side of the box, and with a vertical division below the board between the two ends of the box. The workman 
stands upon the board and walks from one end of it to the other, alternately pressing down first one end and then the other. At his 
first step on each end he gives a smart blow with his foot, so as to close with the jerk a small valve (0.3 foot square) beneath each 
end of the board, a valve that opens by its own weight when the end of the board rises. The air is therefore driven first from one 
end of the box, then from the other into an air pipe about 0.8 foot square, provided at top, of course, with a small valve for each end of 
the blowing-box, made of boards in lengths of about 6 feet, and placed in one corner of the well. The well is, besides, timbered with 
larger pieces at the corners and light cross-pieces, which serve also as a ladder for going up and down, though at such a time, in 
addition, a rope is tied around the body under the arms and held by several men above the mouth of the well. The earth or rock dug up 
is brought out of the well in rope nets by means of a rope that passes over a wheel 1 foot in diameter, hung just under the roof of the 
hut, about 10 feet above the mouth of the well, and is pulled up by three men, one at each corner of one side of the well, and the third 
in a hole two or three feet deep and a foot and a half wide dug along side of the well. My Hs “ Wells are dug in this manner 
to a depth of from 600 to 900 feet, a depth at which great difficulty is experienced in securing sufficient light to carry on the work, which 
is often prosecuted only from nine a. m. to three p. m. These wells are dug about 34 feet square. One well 900 feet deep is reported to 
have cost only about $1,000. The oil is skimmed from the surface of the water and drawn up in buckets. 


In a letter dated Toungoo, British Burmah, September 14, 1881, Rev. J. N. Cushing, D. D., says: 


At Yenangyoung the construction of the wells is after the most primitive method. The wells are dug about 5feet square. A native 
spade for loosening the soil and a basket for conveying it from the well are the implements used. As fast as the well is sunk it is planked 
up with split, not sawed, planks. There are generally three or four men engaged in the work of digging, each one taking his turn. A 
man remains below with a large rope fastened about him. A small rope attached to a basket is used to draw up the earth, which is 
saturated with oi], and is often quite warm to the touch. Sometimes the gas is so strong as to prevent a person from remaining below more 
than a couple of minutes, and occasionally a man is drawn up quite insensible. The usual time of remaining down is about twenty 
minutes, when the man gives the signal that he wishes to be drawn up by jerking the rope. The yield is seldom very rapid, as I have 
never heard of any petroleum rising to the surface. Still some of the wells yield a large amount and then dry up. A windlass is built 
upon a frame over the well at a height of about 5 feet from the mouth. Overthis windlass a rope is placed having a bucket at one end. 
The rope is not much longer than the depth of the well. The other end is fastened around the waist of a man ora woman, who generally 
has two or more half-grown boys or girls to help pull. As soon as the bucket fills, these persons start on a run down a well-beaten path 
until the bucket has come up so that the person standing by the well can empty it. The work is done by a class of people whose families 
have been allotted this work from time immemorial by the royal law. They are not slaves, but do not have permission to remove, and 
are considered as bound to work for the production of the royal monopoly. 


In Galicia wells were dug as for water, and in some instances congeries of wells were united at the bottom by 
galleries, into which the petroleum filtered from the rock. The digging of these wells and shafts was frequently 
attended with considerable danger of suffocation with gas. M. Coquand mentions that at Damanostotin, in 
Moldavia, the pits or wells were dug 40 meters (131.2 feet) deep, and lined with sticks, woven in a manner resembling 
a military gabion. The petroleum is obtained in a bucket, to which a stone is attached for a sinker. This bucket is 
drawn up by a rope. (a) Petroleum was also obtained for many years in the valley of the Po from wells that were dug. 

In the United States several different methods for obtaining oil were employed before wells were drilled. It is 
reported that shafts were found in the Mecca (Ohio) oil district, of the sinking of which all record or tradition has 
been lost. ° Since the curbed pits on Oil creek, Pithole creek, and other tributaries of the Allegheny have been 
proved to be of French origin, it is not unlikely that the old shaft at Mecca was also made by the French. An 
unsuccessful attempt to obtain oil in this way was made at Mecca about 1864, and another attempt to sink a shaft to 
the Venango oil-sand was made in 1805 in the bend of the Allegheny river, on the east side, below Tidionte. 

It was about 16 feet square and a little over 100 feet in depth. It was a failure in respect to obtaining oil, for just before it was 


deep enough to reach the third sand, or oil-producing rock, an accident occurred which resulted in its abandonment. The foreman, who 
was an experienced miner, was seated over the mouth of the shaft, which was covered, in company with one or two of his laboring men, 
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eating their dinner. As they lighted their pipes it was suggested that a lighted paper be dropped into tle shaft to see if any gas was 
there. It was done, and an explosion followed which killed the foreman and some of bis men. It [the well] was immediately closed, 
and work was never resumed. (a) 

Other shafts were sunk on Oil creek, but as none of them were successful in reaching the Venango third sand, 
they were abandoned. 

Professor Silliman, sr., in 1833, thus described the method employed for obtaining Seneca oil at the famous 
spring at Cuba: 

A broad, flat board, made thin at one edge, like a knife; it is moved flat upon and just under the surface of the water, and is soon covered 
by a coating of petroleum, which is so thick and adhesive that it does not fall off, but is removed by scraping on the edge of a cup. (b) 

Near Burning Springs, West Virginia, the oil was collected early in this century “‘ by digging trenches along the 
margin of the creek down to a bed of gravel a few feet below the surface. By opening and loosening with a spade or 
sharpened stick the gravel and sand, which is only about a foot thick, the oil rises to the surface of the water, with 
which the trench is partially filled. It is then skimmed off with a tin cup and put up in barrels for sale. In this 
way from 50 to 100 barrels are collected in a season”. (¢) 

Professor J. P. Lesley thus describes the method employed for collecting oil on Paint creek, Johnson county, 
Kentucky : 

Here are to be seen the old ‘stirring places”, where, before the rebellion broke out and put an end to ail manner of trade in Kentucky, 
Mr. George and others collected oil from the sands by making shallow canals one or two hundred feet long, with an upright board and a 
reservoir at the lower end, from which they obtained as much as 200 barrels per year by stirring the sands with a pole. (d) 

J.D. Angier, of Titusville, worked the springs on Oil creek for some years prior to 1859. He found the 
springs logged up 6 to 8 feet square and as many feet deep. He arranged a sort of sluice-box, with bars, that held 
the oil while the water flowed on beneath. In this way he obtained from 8 to 10 gallons a day of 36° specifie gravity, 
which he sold at Titusville for medicine and for lighting saw-mills and the derricks of salt-wells. 

Seneca oil was obtained for many years and in many localities by saturating blankets with oil and wringing it 
from them. 

SECTION 2.—ARTESIAN WELLS—THE DERRICK. 


ARTESIAN WELLS. 


The Jesuil missionaries to China found there artesian wells in full operation. ‘These wells were drilled for brine 
and natural gas, the Jatter being frequently accompanied by petroleum. The following extract from L’Abbé Hue’s 
celebrated travels in China describes their method of drilling very deep wells: 

They [the wells] are usually from 1,500 to 1,800 (French) feet deep, and oniy 5 or 6 inches in diameter. The mode of proceeding is 
this: If there be a depth of 3 or 4 feet of soi] on the surface, they plant in this a tube of hollow wood, surmounted by a stone, in which an 
orifice of the desired size of 4 or 5 inches has been cut. Upon this they bring to work in the tube a rammer of 300 or 400 pounds weight, 
which is notched and made alittle concave above and convex below. A strong man, very lightly dressed, then mounts on a scaffolding, and 
dances all the morning on a kind of lever that raises this rammer about 2 feet and then lets it fall by its own weight. From time to 
time a few pails of water are thrown into the hole to soften the mater.al of the rock and reduce it to pulp. The rammer is suspended to 
a rattan cord not thicker than your finger, but as strong as our ropes of catgut. This cord is fixed to the lever, and a triangulat piece of 
wood is attached to it, by which another man, sitting near, gives it a half-turn, so as to make the rammer fall in another direction. At 
noon this man mounts on the scaffold and relieves his comrade till the evening, and at night these two are replaced by another pair of 
workmen. When they have bored 3 inches they draw up the tube, with all the matter it is loaded with, by means of a great cylinder, which 
serves to roll the cord on. In this manner these little wells or tubes are made quite perpendicular and as polished as glass. * * * 
When the rock is good the work advances at the rate of 2 feet in twenty-four hours, so that about three vears are required to dig a well. (e) 

The first artesian well drilled in the United States, in 1809, has already been described, as also the gradual 
improvements in tubing wells and in stopping off the surface water with a seed-bag (page 6). Prior to 1858 a great 
many wells had been drilled for brine in the valley of the Ohio and its tributaries, with such additional improvements 
as rendered them very effective for this purpose. Steam-, horse-, and hand-power had been employed‘in drilling 
with equal success, the tools and general manipulation of the well being essentially the same. The drilling of wells 
with hand-power was accomplished by means of a spring-pole. For this purpose a straight tree, forty or fifty feet in 
length, was selected. After the branches were removed, the butt was secured in the ground in such a position that 
the pole extended at an angle of about 30° over the spot at which the well was to be bored. To the smaller end 
the tools were attached, and by the elasticity of the pole, as it was alternately pulled down and allowed to spring 
back, they, were lifted and made to strike at the bottom of the well. 

The drilling of wells for oil has long since outgrown the spring-pole age, the figures on Plate VI showing the 
successive steps by which this has been accomplished. 


THE DERRICK. 


When the location of a well has been decided upon a derrick or “rig” is built. This consists of the derrick itself 
and a small house for an engine, with the necessary foundation for both. For this purpose masonry is not used, but 
instead a very heavy foundation of timber. The owner of the well owns the rig, boiler, and engine. The 
contractor who drills the well owns the cable, bit, blacksmith’s and other tools, and supplies fuel for the engine and 
the blacksmith. 
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The following list of rig-timbers embraces, first, the foundation timbers, which are frequently hewn, and, second, 


sawed timber. 
field, where the 


The plan of foundation timbers (Fig. 15) is drawn for square timber, but in a region like the northern 
° \y : ° : j 
wells are chiefly located in forests, these timbers are often hewn from the trees around the well: 


HEWED RIG-TIMBERS. 
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The foregoing dimension timbers may be either pine or hemlock, the Jatter being used almost exclusively at the 


present time: 


HARD-WOOD LUMBER (OAK OR MAPLE), 
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Total, 17,000 feet of lumber for a rig. 
To put the rig together requires— 
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If the wheels for reeling the cable and sand-pump rope are not purchased separately, but are made with the 
derrick, there will be required: 
32 arms for 2 bull-wheels. 
104 cants of 3 feet 9 inches radius for 2 bull-wheels. 
32 cants of 4 feet 6 inches radius for band-wheel. 
8 cants of 3 feet 3 inches radius for tug-pulley. 


HARDWARE (RIG-IRONS). 


1 walking-beam stirrup, 2? inches by } inch. 

4 bolts for securing the same by a wooden cap to the walking-beam. 

2 boxes for band-wheel shaft, babbitted, and each with 4 bolts. 

1 band-wheel sbaft 4 feet 6 inches,long, 3} inches diameter, with 1 crank, 14 to 46 inches stroke, 6 holes; 1 wrist-pin, 23 inches 
diameter; 2 flanges, 24 inches diameter; 2 flanges, 20 inches diameter; 12 flange-bolts, 7 inches long, ? inch diameter; 5 steel 
keys for flanges and crank; 1 collar and set screw (not always used). 

1 saddle for walking-beam. 

4 bolts for same. 

2 side irons, boxes and bolts for samson-post. 

1 derrick-pulley, 20 inches in diameter. 

1 walking-beam hook, to hold temper-screw. 

1 sand-pump pulley. 

2 gudgeons, with bands, for bull-wheel. 


The derricks require each about thirty days of skilled and ten days of ordinary labor. During the census 
year they cost from $325 to $400, according to the cost of getting the materials to the place where the rig was to 
be built. At the same time a set of “rig-irons” cost from $75 to $100. A rig for winter use must be closed in, 
and therefore requires a larger outlay for 1-inch lumber. The increased expense, however, amounts to only a small 
sum. 

Figs. 16, 17, and 18 represent plans and elevations of a full oil-well rig. As originally drawn, they were prepared 
by H. Martyn Chance from working plans furnished by J. F’. Carll. They exhibit in great detail the construction of 
a “rig” suitable for drilling a well from 2,500 to 3,000 feet in depth. The following description is abridged from 
the report of the Second Geological Survey of Pennsylvania, Report IT: 

The mud-sills a (Fig. 15) are generally sunk in trenches where the nature of the ground admits of its being 
done. They have gains cut into them to receive the main sill d and sub-sills e and e’. After all have been put 
in place and leveled up, the keys or wedges h are driven, and the whole foundation is thus firmly locked together. 
The samson-post k and jack-posts /, s, and r are dovetailed into the sills and held by properly fitted keys, h, as seen 
in the side elevation (Fig. 16). The braces are all set in gains and keyed up, no mortises and tenons being used 
in the structure, the advantages of which are (1) greater strength; (2) the keys can be driven to compensate 
shrinkage; (3) the posts and braces are easily put in line and kept there; (4) the whole is easily taken apart for 
removal. 

Referring to the horizontal projection (Fig. 17), it will be observed that the samson-post is placed flush with 
one side of the main sill, and the band-wheel jack-post is put flush with the other side. In this way the walking- 
beam will run parallel with the main sill. Ifthe main sill is less than 24 inches wide, these posts must, in order to 
get a bearing upon it, be set toward the center of the sill, the effect of which will be to throw the derrick end of the 
walking-beam to one side of the center of the derrick, and thus throw the engine and running-gear out of line with it. 

If, therefore, the main sill be less than 24 inches wide, it should be placed in position and the point marked on 
it where the center of the samson-post is to come; then mark also the point on which a perpendicular will fall from 
the center of the wrist-pin. The dimensions of samson-post and band-wheel irons, with the length of the walking- 
beam, easily furnish these points, through which a chalk-line should be snapped, and all the work squared to this 
line. This throws only the main sill out of square with the other work. On this account a slightly crooked stick 
is found serviceable for a main sill. 

A great variety of boilers are used, Dut the one in general use is a tubular boiler constructed very nearly on the 
plan of a locomotive boiler. Formerly the boiler was set up in the engine-house, frequently with the engine bolted 
on the top or side of it, or the whole thing was mounted on wheels; but the heavy drilling tools employed in the 
deep wells now drilled render a stationary engine necessary. The plan of drilling dry wells, now so universal, has 
been accompanied with so many fires and explosions by the ignition of gas at the boiler that prudence has caused the 
boiler to be removed to some distance from the engine and well. When near the oil-rock, it is now customary to 
remove both boiler and forge from near the derrick until the gas and oil are under control. A large boiler, centrally 
located, is sometimes used to supply steam to the engines of several wells that are being drilled simultaneously. 

A 12 or 15 horse-power engine, b’, with a reversible movement, is bolted to the engine-block b (Fig. 16), and by 
means of its driving-pulley carrying-belt, 0 0, communicates motion to the band-wheel m, and through it to all parts 
of the machinery. The throttle-valve 1 lis operated by a groove vertical pulley. From this pulley an endless cord, 
called ‘ the telegraph”, extends to the derrick and passes around a similar pulley, » n, fixed upon the headache-post 
2, within easy reach of the driller. The driller has thus an easy contro] over the throttle-valve, and can stop and 
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start the engine or increase or decrease its speed without leaving his position (Fig. 16). The reverse link pp is also 
operated from the derrick by the cord q¢ q, which passes over two pulleys, one of which is fixed in the engine-house 
and the other on the derrick. <A slight pull raises the link and reverses the motion, which is restored as soon as 
the cord is released and the link drops back. 

The band-wheel m receives its motion direct from the driving-pulley of the engine, to which it is connected by 
the belt oo. Onor near the end of its shaft o is the bull-rope pulley n, and upon its other end is the crank o/. 
This crank has six holes to receive an adjustable wrist-pin p, which is easily moved from one hole to the other to 
regulate the length of stroke required in drilling or pumping. As the band-wheel communicates motion through 
the pitman g to the walking-beam while drilling ; to the bull-wheels, by the bull-rope rr, while running up the 
tools; and to the sand-pump reel, by the friction pulley w, while sand-pumping, all of which movements are used 
separately, the machinery is so constructed that the connections may be rapidly made and broken. The sand-pump 
reel 2 is put in motion by pressing on the lever v, which is joined by the connecting-bar wu to the upright lever 
t. This brings the face of the beveled pulley w into contact with the face of the band-wheel. The sand-pump 
descends by gravity and is checked in its motion by pressing the lever v back in such a manner as to throw the 
friction-pulley w against a post, which acts as a brake. The sand-pump line is a cable-laid rope, seven-eighths of 
an inch in diameter, and is coiled upon the shaft x, from which it passes over the pulley ii, and thence to the 
well mouth. The most common sand-pump is a plain cylinder of light galvanized iron, with a bail at the top and 
a stem-valve at the bottom. It is usually 6 feet long, but is sometimes 15 or 20 feet in length. As the valve- 
stem projects downward a few inches beyond the bottom, it is only necessary to let it rest on the bottom of the 
waste-trough in order to empty it. Other forms of sand-pumps are more complicated in construction. 

The walking-beam connections cannot be interrupted without stopping the engine. When disconnected, it is 
tipped at an angle of about 25°, which throws the derrick end back about a foot from its perpendicular over the 
well, and thus removes it from interference with cables, tools, sand-pumps, etc., as they are ruanup and down. The 
headache-post receives the walking-beam in case the wrist-pin should break or the pitman fly off. Itis about 8 
inches in section, and is placed on the main sill, directly under the walking-beam, in such a manner that in case of 
accident the walking-beam can fall only a few inches. (a) Fig. 19 shows the interior of a closed derrick at night, 
with the use of the temper-screw and derrick light. 


SECTION 3.—THE DRILLING-TOOLS. 


The illustrations given in this report are only those of the ordinary drilling-tools. The tools used for “fishing” 
other tools, broken or lost anywhere from 100 to 2,000 feet from the surface, are too numerous even for mention. 
These tools are of all kinds, from the delicate grab, designed to pick up a small piece of valve-leather or a broken 
sucker-rod rivet from the pump-chamber, to the ponderous string of “ pole-tools” containing tons of iron, which, 
at a depth of 1,500 feet or more, can unscrew a set of ‘stuck tools” and bring them up piece by piece, or cut a 

‘thread on the broken end of a sinker-bar or an auger-stem, to which tools can be screwed fast, so that it may be 
loosened by the use of ‘“‘ whisky jacks” at the surface. (b) 

A string of drilling-tools is represented together in Fig. 5, Plate VI, and separately in Figs. 20 to 30. The 
string weighs about 2,100 pounds, and consists of two parts, separated by the jars. The lower portion, or drill, that 
delivers its blow downward and cuts the rock, consists of the bit (Figs. 20 and 21), the auger-stem (Fig. 22), and 
the lower half of the jars (Fig. 25). The upper portion that delivers its blow upward consists of the upper portion 
of the jars (Fig. 23), the sinker-bar (Fig. 24), and the rope-socket (Fig. 25). The upper link of the jars, by delivering 
an upward blow upon the auger-stem and bit, prevents the bit from sticking and remaining fast, while the elasticity 
of the cable permits the motion of the walking-beam. The ‘ jars” therefore become the center of importance as 
well as of action. They were invented in 1831 by Billy Morris, but were never patented. Fig. 23 shows a pair of 
jars closed and another opened, with cross-sections. They are made like two flat links of a chain, with a male screw 
attached to one link and a female screw attached to the other. The slots in the links are each 21 inches long, and 
the cross-heads 8 inches deep; there is, therefore, 13 inches of ‘ play” to the jars. 

J. F. Carll, in Report III, Second Geological Survey of Pennsylvania, page 299 et seq., says: 

The manner in which the jars perform their work may be best explained, perhaps, in this way: Suppose the tools to have been just 
run to the bottom of the well—the jars closed as in a, Fig. 23—the cable is slack. The men now take hold of the bull-wheels and draw 
up the slack until the sinker-bar rises, the ‘‘ play” of the jars allowing it to come up 13 inches without disturbing the auger-stem. 
When the jars come together they slack about 4 inches, and the cable is in position to be clamped in the temper-screw. If, now, the 
vertical movement of the walking-beam~ be 24 inches when it starts on the up=stroke, the sinker-bar rises 4 inches and the cross-heads 
come together with a smart blow, then the auger-stem is picked up and lifted 20 inches. On the down-stroke the auger-stem falls 20 
inches, while the sinker-bar goes down 24 inches to telescope the jars for the next blow coming up. A skillful driller never allows his jars 
to strike on the down-stroke. They are Only used to ‘‘jar down” when the tools stick on some obstruction in the well before reaching 
the bottom and in fishing operations.” An unskillful workman sometimes ‘looses the jar” and works for hours without accomplishing 


anything. The tools may be standing on the bottom while he is playing with the slack of the cable, or they may be swinging all the 
time several feet from the bottom. If he cannot recognize the jar, he is working entirely in the dark; but an expert will tell you the 








a J. F. Carll, Rep. III, Sec. Geo. Surv. Penna., chap. xvii. b Lbid., p. 298. 
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moment he puts his hand upon the cable whether the drill is working properly or not. As the ‘‘jar works off”, or grows more feeble, by 
reason of the downward advance of the drill, it is ‘‘tempered” to the proper strength by letting down the temper-screw to give the jars 
more play. 

The temper-screw, Fig. 26, forms the connecting link between the walking-beam and cable, and it is ‘“‘let out” gradually to regulate 
the play of the jars as fast as the drill penetrates the rock. When its whole length is ran down, the rope clamps play very near the well 
mouth. The tools are then withdrawn, the well sand-pumped, and preparations made for the next ‘‘run”. With the old-fashioned 
temper-screw a great deal of time was spent in readjustment, for it had to be screwed up by tedious revolutions of the clamps. But this 
delay is now obviated. ‘The nut through which the screw passes is cut in halves, one half being attached to the left wing of the screw- 
frame, the other half to the right wing. An elliptical band holding the set-screw a passes around the nut. It is riveted securely to one 
of the halves, and the set-screw presses against the other half to keep the nut closed. The wings bb are so adjusted that they spring 
outward and open the nut whenever the set-screw is loosened. To ‘‘run up” the screw the driller clasps the wings in his left hand and 
loosens the set-screw ; he then seizes the head of the temper-screw in his right hand, and, relaxing his grip upon the wings, the nut opens, 
when he quickly shoves the screw up to its place, again grips the wings and tightens the set-screw. 


The dimensions of the different tools required to make up a set are given in the figures that represent them. 


The lengths of the different parts are given below: 
Feet. Inches. 


Rope-s0ckets.. ogee fot oo we sei uce cae end came ames Certara CLES ae eis che mi at ace rayareeeee pe iba sat a4 <- 3 6 
sinker-bar. secs «5 ---=s sac cite Selewe see £ Chou a Aoaieee ied isia ew bala Seis Soa cic ohe Due te tthete erate oie aes ratte ee ee ee 18 0 
SATS. Je delete Se wee Lee Sn eeas elon ene ee Meas oye Sac din Co ldeiel «alesis ahere mi tna nie terete evel ciaicta > tacts Cae ae ate ee 7 4 
Atiger-stom {2.0 ob Coweek seen dock beso nee s Pee can ven see cee cite ee ee mah pee te base are eee ee S04} 
Coenter-Dite oo arcs Sc ic nina Lieve ces S odie we etejeciciom peace bee ele selec ee Sope e clekee ie stesso arte Stet Smaart eh ae ra 3 3 

62 1 


The wings of the temper-screw are 14 inches by 3 inch, and 4 feet 6 inches long. The screw is 1? inches in 
diameter and 4 feet long, with two square threads to the inch. The weight of the string of tools is as follows: 














Pounds 
Fig. .25.--ROpGe60CKOU 50258 sec nc cisnss ence wene,to esac seewes sha uasl nb resin =s wet aehs bese deems kates alee ae 80 
Fig.'24\—Sinker-barySeAneh 2 30 cus oceanic cmesisie nae s'ew cums) wseiaelee sae fetuile ole «aie eal ee sateen ai ee ne ener 540 
Pigs 23. Jars; Os -LUGh fate ai Seo cee aaa cee sete cmau wise easels 5 ei ne metee's aifecietem eieiaise tanates seni oer ee ates 320 
Pig 22.—AUPOUSPRMIy tic cet wehie ce a wae eacciee ued shlewen su wmiele se amidicisiet a ceissis ly esta eee Uedtette tt eet eae eee 1, 020 
Fig. 21. Bit 257 00 yt nse din ne Cae ietw san eles acwes.ceen sobre ns coed pete eit anette uke s bie bias akin nny a 140 

2,100 

The other tools weigh as follows: 
Pounds. 

Fig. 26.—Temper-screw .... ---- ------ eee ee eee ne eee e cee cee ce ene tee eee ce geen cee cece ee cere eee eee 145 
Pig. 23.) ara, 8-1c Dyes secmicsenen/sloe Seen eee sa peels ees tee tetie n= seen elaceneees ese pe es eee Ot Oe Oe 565 
Fig. 2.—Two bits, Sanoli.,. cospecen tre een cate ee nonce saad eee > we Ss anc need oe eaene eee een ee 320° * 
Fig. '30;— Reamer’: 522-22. cesteophics See peminwscss scaseacccticncs suns Cactice sascl oe e eiate te Sees eats eee 180 
Fig. 21:—T wo. bits; Sg-1nely. Sasser an Seeies = + owe ne coe whom oe eo dast sscnetaacw en sea eo site ce Ee eee eee 28 
Fig. 29.—Beamer; 5sine cigu eway aeewlsemens e+e = nese ashe saps adencen ann decsemeo ns eget emees seen 140 
Fig. 27,—Ring-s0ck¢h 2 ons srace aa aher deere nine ee eyes deans ane atoed «earns © Hay San glenn ige cal eae eee 50 
Big. 26.—T'wo Wrentheg jncnnn secadn ccm arb eanenkta se ae oc cnnaes nas cemeen naps sae hee ee 210 

1, 890 
Total weight of 860.400 sve cen se ete eee aReaE orc ons soa pan onsen auuide neck ccm ne anette arses eer e 3, 990 
Totalicost.of pet: 2s Se eta a cob easecs Sou cuseseuies peak as. bee de eee et ele ee Cee eee $700 
Driller’s’‘completeouthit, including cable;.costs about. -< ---\-~ contours backiethast passes a mwatee cele ames aes 900 


These tools are made of the best of steel and Norway iron. 


SECTION 4.—DRILLING WELLS. 


By reference to Chapter I, page 6, it will be observed that the Ruffner Brothers “ provided a straight, well-formed, 
hollow sycamore tree, with 4 feet internal diameter, sawed off square at each end”. This was placed on end, and 
by digging out beneath it was gradually sunk to the bed-rock. This device was in time replaced by a smaller 
conductor, that was placed in the center of a sort of shaft or well that was dug (when practicable) to the bed-rock. 
This conductor was made of two-inch plank spiked together, 6 or 8 inches square on the inside, and placed in 
position vertically beneath the center of the derrick floor, as shown in Fig. 1, Plate VI, and Fig. 31. When the 
bed-rock is below a depth to which it is practicable to dig, an iron pipe is driven to the rock (shown in Fig. 3, Plate 
VI, and Fig. 33). When the “drive pipe” is to be inserted a “mall” and “guides” must be provided. This mall is 
made of any tough, hard log that will dress 15 to 18 inches square and 10 or 12 feet long. Two sides only are 
dressed, one end being encircled by a heavy iron band, to prevent its splitting, the other having a strong staple 
driven into it, in which to tie the cable. Two pairs of wooden pins are put into each of the dressed sides, one pair near 
the top, and the other near the bottom. They are two inches apart and two inches long, the guides fitting between 
them. The guides consist of two 2-inch planks, placed perpendicularly upon a line drawn through the center of the 
well at right angles to the walking-beam, and 15 or 18 inches apart. They are securely stayed and strengthened 
by having narrower plank nailed on both sides of them, leaving their edges projecting 2 inches toward each other, 
to enter between the pins on the mall. | | 
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‘The well is started by spudding. To do this’a short cable is run up over the crown pulley in the top of the 
derrick. One end is attached to the ring-socket (Fig. 27) and screwed to the auger-stem; the other is passed around 
the bull-wheel shaft two or three times and the end left free. The bull-rope is now put on and the engine started. 
A man in front of the bull-wheels seizes the free end of the rope coiled around the shaft, a slight pull causes the 
coils to tighten and adhere to the revolving shaft, and the auger-stem rises in consequence, until it hangs suspended 
on the derrick, when it is swung over the spot where the well is to be started. The engine is kept running and the 
bull-wheels continue to revolve, but the man holding the shaft-rope has full control of the tools. When he pulls 
on the rope the coils at once “bite” the revolving shaft and the tools rise; but when he gives his rope slack they 
fall, and so long as the coils remain loose upon the shaft it revolves smoothly within them and communicates no 
motion. Thus, by alternately pulling and slacking the rope, this animated substitute for a walking-beam raises and 
drops the tools as much of as little as may be required, while the driller turns the drill to insure a round hole. 

After spudding awhile to prepare the way for the drive-pipe, the drill is set aside, and the pipe to be driven, 
armed at the bottom with a steel shoe, as shown in Fig. 3, Plate VI, is put in place. 

The following graphic description of the drilling of a well is given by J. F. Carll, in Report III, Second 
Geological Survey of Pennsylvania, page 306: 


The mall is attached to the spudding cable and let down between the guides, where it is alternately raised and dropped upon the 
easing or drive-pipe by the man at the bull-wheels, precisely the same as in spudding. The casing used is of wrought-iron, screwed 
together in thimbles the same as tubing. A heavy cap of iron is screwed in the top when driving, to prevent its being injured by the 
blows of the mall. 

When two or three hundred feet of pipe are to be driven, as is frequently the case in some of our northern valleys, it requires a great 
deal of skill and judgment to put it in successfully. In these deep drivings, after a sufficient depth has been reached to admit of the 
introduction of a string of tools, they are put in and operated by the walking-beam in the usual way; the cable (a short one, furnished 
for the purpose) being coiled upon one end of the bull-wheel shaft, while the other end is left free to work the mall-rope on. 

To facilitate the necessary changes, which must be made every time the drill is stopped and pipe driven, the lower part of the guides 
are cut and hung on meee some 10 or 12 feet above the derrick floor, and when not in use may be swung up overhead out of the way of 
the workmen. 

When a sufficient depth has been reached by spudding to admit of the introduction of a full ‘“ string of tools”, the spudding machinery 
is abandoned. 

Now the coil of drilling cable is rolled into the derrick and set upon end. The free end in the center of the coil is tied by a connecting 
eord to the rope just detached from the ring-socket, and by it drawn up over the crown-pulley and down to the bull-wheel shaft, where it 
is fastened; the bull-rope is put in place, the engine started, and the men carefully watch and guide the cable as it is wound, coil after 
coil, smoothly and solidly upon the shaft. When this is done the end of the cable depending from the crown-pulley is secured to the rope- 
socket, and the full set of tools is attached and swung up in the derrick. After carefully screwing up all the joints (the bull-rope having 
been unshipped), the tools(Fig.5, Plate VI) are lowered into the hole by means of the bull-wheel brake cc, shown in Fig. 16. The band-wheel 
crank is then turned to the upper center; the pitman is raised andslipped upon the wrist-pin, where it issecured by the key and wedges ; 
the temper-screw is hung upon the walking-beam hook; the slack in the cable is taken up by the bull-wheels until the jars are known to 
be in proper position; the clamps are brought around the cable (after a wrapper has been put on it at the point of contact) and securely 
fastened by the set-screw ; the cable is slacked off from the bull-wheels, and the tools are now held suspended in the well from the walking- 
beam instead of from the top of the derrick, as before. Some fifteen or twenty feet of slack cable should be pulled down and thrown upon 
the floor to give free movement to the drill. When the drill is rotated in one direction for some time the slack coils around the cable at 
the well mouth; if it becomes pron biseatat, the motion is reversed and it uncoils. Only by this constant rotation of the drill can a round 
hole be insured. 

Having now rade all the necessary connections, it only remains to give the engine steam, and the drill will rise and fall with each 
revolution of the band-wheel and commence its aggressive work upon the rock below. From this point downward the daily routine of 

“the work is very monotonous unless some accident occurs to diversify it. Day and night the machinery is kept in motion. One driller and 
one engineer and tool-dresser work from noon until midnight (the ‘‘ afternoon tour”), and another pair from midnight until noon (the 
‘morning tour”). Up and dewn goes the walking-beam, while the driller, with a short lever inserted in the rings of the temper-screw, 
walks round and round, first this way, then that, to rotate the drill. He watches the jar, and at proper intervals lets down the temper- 
screw as the drill penetrates the rock. When the whole length of the screw has been ‘run out”, or the slow progress of the drill gives 
warning that it is working in hard rock and needs sharpening, he arranges the slack cable upon the floor so that it will go up freely 
without kinks, and informs the engineer that he is ready to ‘‘ draw out”. 

After attending to the needful preliminaries, the driller throws the bull-rope upon its pulley, and quickly steps to the bull-wheel 
brake, while the engineer commands the throttle of the engine. The walking-beam and the bull-wheel are now both in motion, but at 
the proper moment one man stops the engine and the other holds the bull-wheels with the brake just when all the slack cable has been 
taken up, and the weight of the tools is thus transferred from the temper-screw to the crown-pulley. 

This is a performance requiring experience ard good judgment, for should any blunder be made a break-down must certainly result. 
To loosen tlre clamps on the cable and unlock the pitman from the wrist-pin and lower it to the main sill is but the work of a moment. 
Dropping the pitman raises the end of the walking-beam with the temper-screw attached to it and throws them back from their former 
perpendicular over the hole, so as to allow the cable and tools to run up freely without interference with them, Steam is now turned on 
again, and the tools come up. When the box of the auger-stem emerges from the hole the engine isstopped. A wrench isslipped on the 
square shoulder of the bit, and the handle dropped behind a strong pin fixed for that purpose in the floor; another wrench is put on the 
shoulder of the auger-stem; a stout lever is inserted in one of the series of holes bored in the derrick floor in a circle having a radius a 
little less than the length of the wrench-handle, and it is brought up firmly against the upper wrench-handle, thus making a compound lever 
of the wrench and greatly increasing its power. . Both men give a hearty pull on the lever, which ‘ breaks the joint”, or, in other words, 
loosens the screw-joint connecting the bit with the auger-stem, so that the bit can be unscrewed and taken off by hand after it has been 
brought up above the derrick floor. The wrenches are then thrown off, steam is let’ on again, and the bit rises from the hole. Now the 
driller throws off the bull-rope by operating a lever with one hand, while with the other he catches the bull-wheel with the brake, holding 
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the tools suspended a few inches above the derrick floor. At the same instant the engineer shuts off the steam, or else, suddenly relieved 
of its heavy work by unshipping the bull-rope, the engine would “run away” with lightning speed. It only remains now to hook the 
suspended tools over to one side of the derrick, and the hole is free for the sand-pump. 

While the driller is sand-pumping the engineer unscrews the worn bit and replaces it by one newly dressed, so that there may be 
no delay in running the tools into the well again when sand-pumping is ended, 

The “line” to which the sand-pump is attached (as before described) passes up over a pulley near the top of the derrick, and thence 
down to the sand-pump reel, which is operated from the derrick by means of hand-lever v and connecting levers u and t. While sand- 
pumping the pitman remains disconnected, the bull-rope lies slack on its pulleys, and the band-wheel is kept constantly in motion. A 
slight pressure on lever v brings the friction-pulley w in contact with the band-wheel, and the pulley immediately revolves, the slack 
gand-pump line is quickly wound up, and the sand-pump, which is usually left standing at one side of the derrick, swings out to the 
center and commences to ascend. Just now the lever is thrown back, and the connection between the friction-pulley and the band-wheel 
being thus broken, the sand-pump commences to descend into the we]l by its own gravity. If it be likely to attain too great speed in its 
descent, a movement of the lever to bring the pulley either forward against the band-wheel or backward against the brake-post will 
quickly check it, and thus the speed may be regulated at will. 

As soon as the pump strikes bottom additional steam is given to the engine, and the lever is brought forward and held firmly, while 
the sand-pump rises rapidly from the well. The sand-pump is usually run down several tines ‘after each removal of the tools, to keep 
the bottom of the hole free from sediment, so that the bit may have a direct action upon the rock. 

After the hole has been sufficiently cleansed, the sand-pump is set to one side, the drilling tools are unhooked, and, swinging to their 
place over the well mouth, are let down a short distance by the brake, the wrenches are put on, and the lever is applied to “set up” the 
joint connecting the replaced bit to the auger-stem. Then removing the wrenches, the tools are allowed to run down to the bottom 
under control of the bull-wheel brake. Connections are now made as before, the driller commences his_circular march, the engineer 
examines the steam- and the water-gauges and the fire, and then proceeds to sharpen the tool required for the next “run”, and thus the. 
work goes on from day to day until the well is completed. 


The derrick and other apparatus here described is that employed in the oil regions of Pennsylvania, where the 
wells are deep and the tools required for drilling them are heavy. In the Franklin, Mecca, and Belden districts 
the shallow wells require a comparatively simple and inexpensive apparatus, the derricks being often not more than 
30 feet in height, and the entire cost of a well only about $300. In West Virginia and southern Ohio the “light 
rigs” of the early time are still largely used, but are gradually being replaced by the higher derricks, in which 
heavier tools and long lengths of pipe can be conveniently handled. 


SECTION 5.—THE TORPEDO. 


In 1862 Colonel E. A. L. Roberts, then an officer in the volunteer service, conceived the idea of exploding 
torpedoes in oil-wells, for the purpose of increasing the production. Having applied for a patent, in the fall of 1864 
he constructed six torpedoes, and early in 1865 he visited Titusville to try his first experiment. Therisk of damaging 
the wells prevented their owners from allowing the tests to be made; but Colonel Roberts finally persuaded Captain 
Mills to allow him to operate on the Ladies’ well, on the Watson flats, near Titusville. The explosion of two 
torpedoes caused this well to flow oil and paraffine. This result produced great excitement, and led to the filing of 
several applications for patents and as many lawsuits for infringement, which were all finally decided in favor of 
Roberts. The complete success of the torpedo was not established, however, until December, 1866, when Colonel 
Roberts exploded one in the Woodin well, on the Blood farm. This well was a “dry hole”, and had never produced 
any oil. The first torpedo caused a production of 20 barrels a day, and the second raised it to 80 barrels. This 
established the reputation of the torpedo on a firm basis. (a) 

The following notice of the decision of Judge Strong, sustaining the patent of Colonel Roberts, explains the 
method of using torpedoes and the opinion of the inventor regarding their action: 


The patent consists in sinking to the bottom of the well, or to that portion of it which passes through the oil-bearing rocks, a water- 
tight flask, containing gunpowder or other powerful explosive material, the flask being a little less in diameter than the diameter of the bore 
to enable it to slide down easily. This torpedo or flask is so constructed that its contents may be ignited either by caps with a weight 
, falling on them or by fulminating powder placed so that it can be exploded by a movable wire or by electricity, or by any of the known 

means used for exploding shells, torpedoes, or cartridges under water. When the flask has been sunk to the desired position, the well is 
filled with water, if not already filled, thus making a water tamping and confining the effects of the explosion to the rovk in the 
immediate vicinity of the flask and leaving other parts of the rock surrounding the well not materially affected. The contents of the 
flask are then exploded by the means above mentioned, and, as the evidence showed, with the result in most cases of increasing the flow 
of oil very largely. The theory of the inventor is that petroleum or oil taken from wells is, before it is removed, contained in seams or 
crevices, usually in the second or third stratum of sandstone or other rock abounding in the oil regions. These seams or crevices being of 
different dimensions and irregularly located, a well sunk through the oil-bearing rock may not touch any of them, and thus may obtain 
no oil,though it may pass very near the crevices; or it may in its passage downward touch only small seams or make small apertures into 
‘the neighboring crevices containing oil, in either of which cases the seams or apertures are liable to become clogged by substances in the 
well or oil. The torpedo breaks through these obstructions and permits the oil to reach the well. 


Judge Strong, in delivering the opinion of the court, said: 


While the general idea of using torpedoes for the purpose specified is not patentable, the particular method of employing them 
invented by Mr. Roberts is patentable; therefore he is entitled to protection. 





a Abridged from Henry’s Early and Later History of Petroleum, p. 257. 
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The material used now in the Pennsylvania oil regions is nitro-glycerine, which is manufactured for the purpose 
by the ton. This was first used in quantities of from 4 to 6 quarts (133 to 204 pounds, equal to from 108 to 162 pounds 
of gunpowder). This amount was gradually increased to 20, 40, 60, 80, and even 100 quarts. When the well is ready 
to be “ shot”, word is sent to the torpedo company, and the canisters are prepared in sections of about 10 feet in 
length and 5 inches in diameter. These sections are made conical at the bottom, so that they will rest securely on 
top of each other. The nitro-glycerine is carried in cans that are placed in padded compartments in a light spring 
wagon, which is often driven over the roughest mountain roads with great recklessness. Arrived at the well, one 
of the sections of the canister is suspended by a cord that passes over a pulley and is wound upon a reel. The 
nitro-glycerine is poured into the canister until it is filled, and then it is lowered by the cord to the bottom of the 
well. Another section is filled and lowered in like manner until the proper amount is put in place. Then the cord 
is drawn up.and a piece of cast-iron weighing about 20 pounds, and made of such a form that it will easily slide 
down the bore, is allowed to drop down upon the cap, which is adjusted to the last section that was lowered. At 
a depth of 2,000 feet no sound reaches the surface, although 80 quarts of nitro-glycerine, equal to 2,160 pounds of 
gunpowder, may have been exploded by the hammer. After from three to ten minutes has elapsed a gurgling 
sound gradually approaches the surface, and the oil, welling up in a solid column, filling the bore-hole and mounting 
higher and higher, falls first like a fountain, and then likea geyser, and forms a torrent of yellow fluid, accompanied 
by the rattle of small pieces of stone and fragments of the canister, in a shower of oil-spray 100 feet in height. In 
five or ten minutes it is all over; 25 or 30 barrels of oil have been thrown to the winds, and the derrick has been 
saturated with it, so that in a short time it becomes as black as ink and as combustible as tinder. In some instances 
but little oil escapes from the well, and sometimes none at all. The position of a torpedo just before explosion is 
shown in Fig. 31. 


While not disputing that in some instances the theory of the action of torpedoes formulated by Colonel Roberts 
may explain such action, I am forced to the conclusion that when a torpedo is exploded in such rock as the Bradford 
oil-sand the crushing effect of the explosion is comparatively limited. The generation of such an enormous 
volume of gas in a limited area, the walls of which are already under a very high gas pressure, and which is held 
down by a motionless column of air of 2,000 feet (the use of water tamping has been abandoned), must be followed 
by an expansion into the porous rock that drives both oil and gas before it until a point of maximum tension is 
reached. The resistance then becomes greatest within the rock, and, reaction taking place, oil and gas are driven 
out of the rock and out of the well, until the expansive forces originally generated by the explosion are expended, 
By this reaction the pores of the rock are completely cleared of obstructions, and the pressure of the gas within the 
oil-rock continues to force the oil to the surface until it is no longer sufficient for that purpose. 

It is found that in shallow wells of only a few hundred feet in depth, like those of West Virginia, nitro-glycerine 
is not as efficient as gunpowder, the violent action of the nitro-glycerine throwing the column of air or water out of 
a well of that depth, while gunpowder is held down. 

The expense incurred by using torpedoes in wells under the Roberts patent has led to many attempts to escape it, 
and many parties manufacture nitro-glycerine in the oil regions and explode it in wells by stealth. Such torpedoes 
are called ‘“‘moonlighters”. Another and more safe method is to purchase two-thirds or three-fourths the amount of 
nitro-glycerine required of outside parties, say 40 quarts for a 60-quart charge, and then engage the torpedo company 
to put in the other 20 quarts and fire it off, thus avoiding the payment of the royalty on the 40 quarts. These are 
called ‘ setters”. 

The value of torpedoes in individual cases is unquestioned; but, as a whole, their value to the oil interest is 
doubtful. Some very remarkable instances are on record where the yield of a well has been greatly increased by 
their use. The Mathew Brown well No. 6, in Fairview township, Butler county, Pennsylvania, is said to have 
yielded an increased production of 300 barrels the first twenty-four hours, and this from a charge of only 4 quarts. 
Another instance is on record where a torpedo in one well increased the flow in a second well 80 rods distant so 
that the yield did not run down to its former amount for six months. It is, however, the opinion of those whose 
long experience well qualifies them to judge that, especially in close sand, torpedoes are of very little use. By 
some they are uo longer employed. It is manifestly a destructive method of operation that yields quick results, 
attended with great waste. 


SECTION 6.—LOCATION OF WELLS. 


The production of petroleum is in a general sense a speculative business. It may, however, be couducted asa 
regular business, involving the sagacious use of capital in such a manner as experience and judgment would 
dictate, with due account as to its elements of uncertainty. Conducting their affairs on such a basis, there are 
large corporations and individuals who command large capital and who control large tracts of proved productive 
territory either in fee or under leases. There are also many adventurers, who, either alone:or in company with 
others, drill wells as they might purchase lottery tickets, losing little if they prove dry and reaping a rich reward 
if they prove valuable. This latter class operate almost exclusively under leases. It would be impossible to 
give details of the varied conditions incorporated in leases, as they are cunningly drawn in favor of the lessee or 
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lessor. The lease generally provides that the lessee shall drill a certain number of wells within a certain time 
and pay to the lessor, as a royalty, a certain proportion of the oil obtained, varying, according to circumstances, 
from one-tenth to one-fourth. As the reputation of territory improves, the undeveloped portion of a tract held 
under lease is subleased for a larger royalty or on a bonus, sometimes both. <A iract originally leased on a royalty 
of one-eighth is subleased on a royalty of one-fourth, with perhaps a bonus of $300 an acre in addition. 

The location of wells upon a given piece of land will depend upon circumstances; but I think it may be safely 
stated that, as a general rule, wells will be drilled along the border of a tract, rather than toward the middle. 
This is often to be regarded as a measure of protection, because if A does not draw as much as possible from B’s 
territory, B is quite sure to drill a line of wells and draw from A. Wells have in many cases been located with a 
total disregard of all prudential considerations. In the valley of Oil creek, just above Oil City, leases of only a 
quarter of an acre were taken and wells drilled on them, thus insuring about twenty times as many wells as there 
ought to be, and reducing at the same time in a corresponding ratio the possibility of both continued yield and 
profit. On the Clapp farm, at the northeast end of this tract, good wells were struck, one of which, drilled in 1863, 
was pumping one barrel per day in 1881. Here the wells were not drilled close, but nearer the city six and even 
eight wells were drilled on an acre, and as a result nearly one-half of them were soon abandoned. Experience has 
proved that one well to five acres is as close as they should be drilled. The man who owns a lot has no safety but 
in getting his oil to the surface; for as long as his land remains undeveloped he is constantly exposed to the risk 
of having it sucked dry by the wells of his more energetic neighbor, and that is equivalent to disaster and financial 
ruin. If all the operators in a given district could be persuaded to enter a movement for suspending drilling, it 
would in the end be mutually beneficial; but in many instances lease-holders are compelled, either by the terms of 
their leases or by their own pecuniary embarrassments, to go ahead with development and realize as promptly as 
possible upon their investments. 


SEcTION 7.—THE OIL-SAND. 


The character of the oil-sand has been easily studied from specimens thrown out by torpedoes. The Venango 
sand, extending from Tidioute to Herman station, in Butler county, is a conglomerate of small pebbles with large 
interstitial spaces. The depth or thickness of this sand varies from 10 or 12 to 125 feet at Triumph. When this 
great thickness was observed, the wells were drilled into the sand from 15 to 20 feet and pumped for a while, when 
it was discovered that they had not passed through the sand. On drilling through to the bottom the wells 
continued to produce for a long period. The Warren sand is fine-grained, bluish in color, and is inclined to be 
muddy, while the Bradford sand is a friable sandstone, somewhat coarse-grained, and is of a brown color. 

The opinion formerly held respecting the occurrence of oil in fissures has been noted elsewhere (see page 18). 
It was not only held as a scientific hypothesis, but it exerted a very important practical influence on the methods 
employed for obtaining oil. At one time an instrument was very widely used for indicating the point at which 
a erevice occurred in a well, and torpedoes were introduced at such points. It cannot be denied that near the 
surface oil-bearing rocks do contain fissures. The Berea sandstone, where it comes to the surface at Berea, and. 
the different members of the Venango oil-sand when they reach the surface, are fissured. The experience gained 
in drilling wells also shows the presence of fissures below the surface. Wells are sometimes started, and after 
passing through several strata reach one where, in spite of all attempts to remedy the evil, the hole will go crooked, 
the drill glancing from the rock on one side of the fissure, and the well, in consequence, has to be abandoned. At 
the same time the extent to which fissures exist in the deep beds of oil-sands is now believed to have been very 
much overrated. The experience gained in sinking deep wells leads rather to the conclusion that in them the drill 
penetrates a homogeneous solid sandstone, in the pores of which the oil is held under great pressure. Although oil 
is sometimes found in the joints of fractured slate or shale, the solid shale is nearly impervious, often to both oil 
and water, and is separated from the sandstone by a hard and wholly impervious shell or crust, which prevents 
the escape of the oil and gas. Sometimes, however, this crust is absent or is thin and soft, in which case oil is 
found in the sand-rock above; in other words, where oil is found in the second sand the crust of the third sand is 
not impervious. 

The motion of oil laterally through the oil-sands is illustrated by numerous phenomena attending the drilling 
and operation of contiguous wells. It is observed that the wells and springs of water in the superficial strata fail 
when these strata are penetrated by deep wells. Even artesian wells sunk for water to the second sand are often 
drained by contiguous oil-wells sunk to the third sand in consequence of the lateral movement of the water through 
the second sand to the oil-well. Itis asserted that the swampy section around Power’s Corners, in the Mecca 
district, has been greatly improved by surface drainage through the numerous oil-wells that have been sunk in that 
neighborhood. 

The capacity of a porous sandstone, or even of the coarse pebble conglomerate constituting the Venango third 
sand, to hold the vast quantity of oil that has poured forth from some wells has been questioned ; but when we 
consider (1) the strong attraction existing between oils and dry surfaces, (2) the powerful capillary attraction 


THE NATURAL HISTORY OF PETROLEUM. 87 


exerted in consequence, and (3) the enormous pressure under which the oil is held in the rock and forced out when 
the reservoir is perforated, there seems to be no reasonable ground for doubting the sufficiency of such a source of 
supply. This opinion receives further confirmation from the large content of oil proved by Dr. Hunt to exist in the 
Chicago limestone (see page 63). 

J. F. Carll has shown by experiment that the pebble sand will absorb from one-fifteenth to one-tenth of its bulk 
of oil, and, further, that ‘‘the aggregate sum of the pores or interspaces of a sand-rock of this kind, as exposed in 
the walls of a well of 53 inches diameter, is equivalent to the area of-an open crevice one iuch wide, extending 
from top to bottom of the gravel bed, whatever its thickness may be”. He further shows that ‘on Oil creek there 
is generally from 30 to 50 feet of third sand, and also from 15 to 30 feet of stray sand, both locally producing oil. 
Of this total, suppose only 15 feet is good oil-bearing pebble, we shal! then have a producing capacity of 15,000 
barrels per acre, or 9,600,000 barrels per square mile, which is adequate to the requirements of the most exceptional 
cases known”. (a) 

While the Warren and Bradford sands are quite dissimilar from the Venango sand, their porosity is sufficient 
to hold their content of oil. 

The occurrence of so-called slush oil at North Warren and at Limestone, in the Tuna valley, has been 
attributed to fissuring of the sandstones and shales in such a manner as to allow the oil to rise into the fissures in 
the shales. These cases are local and exceptional, and are therefore not to be regarded as typical of the manner in 
which oil occurs generally. 


SEcTION 8.—THE MANAGEMENT OF WELLS. 


Having shown how the oil-well is carried down upon a reservoir of sufficient capacity to contain a remunerative 
quantity of oil, it will next be shown how the well is managed after it is drilled and torpedoed. The present methods 
of management are the result of an historical progressive development, which will be best understood if discussed 
chronologically and in connection with the figures in Plate VI and the sections, Figs. 32, 33, 34, and 35. Figs. 1, 2, 
and 3, Plate VI, and Figs. 32, 33, and 34 were originally drawn by H. Martyn Chance, to accompany Mr. Carll’s 
report, and were afterward redrawn by Miss Laura Linton, with some changes, to bring them into conformity with 
Fig. 4, drawn by Mr. Opperman. An examination of these figures shows the well divided into four sections, viz: 
the surface section, the bottom of the drive-pipe section, the bottom of the casing section, and the bottom section. 
These different sections show the arrangements at the derrick floor, at the bottom of the drive-pipe, at the bottom 
of the casing or seed-bag section, and at the bottom of the well. Fig. 1, Plate VI, and Fig. 32 show a well as 
arranged in 1861. It is the direct descendant of the well of the Ruffner Brothers, and was then in use around 
Tarentum and elsewhere for salt-wells. From the well-head at the derrick floor to the bed-rock was a plank 
conductor or drive-pipe, which held the loose sand or gravel of the drift. From the bottom of this conductor to the 
bottom of the well the rocks through which the drill had cut formed the walls of the bore, which was 4 inches in 
diameter. Within this 4-inch hole a 2-inch pipe was inserted, with the pump-barrel screwed to its lower end. At 
a point estimated to be below that at which the water infiltrating the surface rocks entered the well the ‘‘seed-bag ” 
was fastened in such a manner as to stop off this water from entering the bore of the well below. The pump-barrel 
being securely screwed to a length of pipe, it was lowered into the well, and piece after piece connected, until the 
point at which the seed-bag was to be introduced was reached; then a bag of calfskin or buckskin was securely tied 
to the pipe immediately below a thimble to prevent it from sliding. This bag was filled with flaxseed, and the upper 
~ end was so insecurely tied that if the tube was raised the bag would turn and empty itself. It was then lowered 
and the pipe added joint by joint until the required amount was put in. Beneath the thimble, at the end of the last 
joint, clamps were placed and securely fastened above the head-block, which rests upon the derrick floor. As the 
seed-bag absorbs moisture it expands and fills the 4-inch hole so completely that ail of the water above the bag is 
held and prevented from passing below. Of course this well is drilled wet, that is, full of water, no attempt being 
made to stop off this water until the oil is reached and the well is prepared for pumping. If for any reason it became 
necessary to withdraw this tubing, the seed-bag came with it, and the water flowed into the bottom of the well. 

Fig. 2, Plate VI, and Fig. 33 show the well of 1868. At this time it had become customary, after sinking the 
conductor or cast-iron drive-pipe to the bed-rock, to commence a 54-inch hole, which was continued to the bottom. 
The position of the seed-bag was then determined, and it was securely fastened to the lower end of a section of 
casing-pipe 34 inches inside diameter. This was lowered to the proper depth. The 2-inch tubing, with the pump 
attached, was then lowered to the proper depth and secured at the top with the proper clamp. This well was of 
course drilled full of water, as the water was not stopped off until the tools were drawn out and the casing inserted. 
Instead of the ordinary seed-bag, a patent packer was sometimes attached to the casing in place of it. This packer 
was formed by pressing a sort of leather cup over an iron ring that was a little smaller than the drill-hole and was 
fastened to the outside of the casing. The pressure of the column of water above held the leather firmly to the 
drill-hole when the oil was pumped from below. Sometimes, as is represented in the figure, both the cup-packer 














a Rep. Sec. Geo. Surv. Penna., ILI, p. 252. 
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and the gas that escaped inside the casing and outside the tubing could thus be utilized as fuel; at the same 
time the casing-head took the place of the head-block and formed a support for the tubing. In this way the casing 
was made a permanent fixture, effectually stopping off the water and permitting the tubing to be introduced or 
taken out at pleasure. 

Although this methed of drilling and casing wells was a great improvement over those previously employed, 
it still presented two very grave defects: First, the well must be drilled full of water, and, second, the hole was 
larger than the casing, and accidents sometimes occurred, which made it necessary to draw the casing and let the 
water into the well. To remedy these defects the plan was adopted that is shown in Fig. 3, Plate VI, and Fig. 34. 
According to this plan an 8-inch iron pipe is driven to the bed-rock. An 8-inch hole is then carried down below the 
surface water. The drilling-bits are then made smaller, and the hole is contracted to 53 inches. A second tube, armed 
with a steel shoe, is then carried down inside the drive-pipe, and ground in the tapering drill-hole to a water-tight joint. 
This casing thus effectually cuts off the water. The 8-inch jars and drills are exchanged for 54-inch tools, and the 
hole is carried down from that point of the same diameter as the interior of the casing to the bottom of the well, with 
only water enough introduced to sand-pump properly. The buoyancy imparted to the tools and cable by 1,000 to 
1,500 feet of water is thus avoided, and the presence of oil in any of the strata penetrated is immediately manifested 
by escaping gas and soiled tools, and sometimes by a gush of oil that fills and overflows the well before the tools 
ean be withdrawn. 

Mr. Carll (Report III, Second Geological Survey of Pennsylvania, page 320) estimates that “the average cost of 
drilling cased wells (especially if we take into account the reduced liability to accidents from tool-sticking, ete.) — 
is probably little, if any, greater than it would be if they were drilled wet. Quite an item in the cost of fuel is 
sometimes realized, for a vein of gas may be struck several hundred feet from the bottom of the well, which will 
fire the boiler until the work is finished”. 

The advantage of having a hole of the same diameter all the way down is very great when fishing operations 
are necessary, and also when the packers which are now used are to be inserted. These are used in preparing the 
well for flowing, and their use is represented in Fig. 4, Plate VI, and Fig. 35, where a cased well, with tube and 
packer, are indicated in full operation. These packers are of rubber, and are so constructed that the tube within 
them moves in a sliding joint. The lower piece of pipe enters the bottom of the mass of rubber, and the upper 
section, being securely fastened to the upper portion of the mass, slides in the lower section in such a manner as 
to press. with its whole weight against the rubber and force it against the sides of the drill-hole. A well prepared 
for flowing as represented in Fig. 4, Plate VI, and Fig. 35, and properly connected with a tank, will operate with 
very little attention for months. The flow will finally run down either from the exhaustion of the supply or the 
clogging of the pipes with paraffine. 

The clogging of pipes with paraffine occasions a great deal of trouble in the Bradford district. This is occasioned, 
first, by the much larger percentage of paraffine in the Bradford oil, and, second, from the condensation of the less 
volatile and soluble parafttines, due to the very intense cold produced by releasing the oil from the high pressure 
under which it exists in the rock, and consequently rapid evaporation of the more volatile portions. No attempt 
has been made to ascertain accurately this temperature, but many incidental facts indicate that it is very low. 

After a well has ceased to flow, and in those localities where the gas pressure is not sufficient to cause the oil to 
flow, the well is pumped. In the method of pumping represented in Fig. 1, Plate VI, and Fig. 32 the sucker-rods 
were introduced immediately after the pipe and seed-bag, and, after the seed-bag had had time to swell, connection 
was made with the walking-beam, and the water pumped out below the seed-bag. After this water was removed 
and its pressure taken from the rock the gas and oil entering the well were brought to the surface. With the 
adoption of the first method of casing wells (Fig. 2, Plate VI, and Fig. 33), the water was removed from the space 
between the casing and tubing, and the oil-rock being quickly relieved of its pressure, the oil and gas rushed in to 
supply its place, and after the removal of the water was brought to the surface. With the drilling of dry holes 
the method of pumping represented in Fig. 3, Plate VI, and Fig. 34 has been adopted. In this well there is no 
water to pump, and the oil is brought to the surtace as long as any will enter the well. Sometimes so-called gas- 
pumps are applied to wells that have ceased to yield oil and a partial vacuum has been created, with the reset of 
causing the oil to flow laterally into the well through the rock. 

In some localities, where the oil is valuable and the yield of the wells small, as among the heavy-oil wells of 
the Franklin district or in the older portions of the Oil Creek district, a method of pumping wells by sucker-rod 
connections has been adopted. The use of sucker-rods was no doubt adopted on account of the fact that old rods 
were suitable, numerous, and cheap. An engine is attached to a circular horizontal table by an elbow-joint in such 
a manner that it is made to perform a quarter revolution and return to its former position. To the circumference 
of this table from two to a dozen or fifteen connections are made, in such a manner that each connection is given 
an equal stroke sufficient to move a pump connection, such as is represented in Fig. 36. The pull of the engine 
comes on the down-stroke of the pump, and the up-stroke of the pump is balanced by the stones or other heavy 
material placed in a box on the arm, a. The rods by which these connections are made for Jong distances are 
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supported by light frames, which have a swinging motion as the rods move slowly to and fro. In the Franklin 
district, where the wells are shallow, the rods are made of strips of ash 24 inches square, nailed together by 
wooden straps. From thirty to forty wells are thus sometimes attached to one engine. In the White Oak district 
of West Virginia, where the ground is too uneven to admit of wooden connections, motion is communicated to a 
dozen or more wells by an endless rope, usually of wire, that is supported on wheels and runs up one hill and down 
another and along the valleys to a convenient site for the engine. By this method wells can be profitably pumped 
that would otherwise have to be abandoned. 

At the Katie Hough well, on Mud run, in the White Oak district, West Virginia, in the summer of 1881, the 
curious phenomenon was exhibited of pumping two kinds of oil from the same well. In this region there are 
several oil horizons, and at the point penetrated by this well the first White Oak sand produces oil of 27° specific 
gravity, and third White Oak sand beneath it yields oil of 45° specific gravity. The well was in 1865 pat down 
255 feet to the first White Oak sand, and was pumped at intervals for 15 years; it was then reamed to an 8-inch 
hole, and a 43-inch hole sunk to the third sand. A tube, with a seed bag at the bottom of the 8 inch hole, was 
inserted, and the heavy oil stopped off. From this tube amber oil of 45° specific gravity is pumped from the third 
sand. A second pump and tube was then inserted in the 8-inch hole beside the other tube and proper connections 
made with the walking-beam, every stroke of which pumped dark, heavy oil of 27° specific gravity from the first 
sand, worth $7 per barrel, and amber oil of 45° specific gravity from the third sand, worth $1 per barrel. The 
Shaw well, on Gales’ Fork, also in the White Oak district, said to have produced $80,000 worth of oil, pumps oil 
of 25° specific gravity from a depth of 160 feet and an oil of the specific gravity of 40° at a point between 600 
and 700 feet. . 

It has been the custom around Titusville and Pleasantville, when the production of a well ran very low, to 
introduce into it five to ten barrels of crude naphtha (benzine), and after allowing it to remain for a few days to 
resume pumping, an increased production being the result. 

The large amount of oil that has at different times and in certain localities run to waste upon the streams has 
been due to unavoidable waste, to the bursting of pipes and tanks, the sinking of barges, and to oil which has 
escaped destruction during extensive fires. On the Allegheny river at Oil City may always be seen a thin film of 
oil often sufficient to produce iridescence. The quantity of oil required to produce this effect, although apparently 
very small, is in the aggregate quite large. Where booms are stretched across such streams the floating oil is 
arrested and may be pumped from the surface with water into settling tanks and collected. In this way the 
collection of oil has been made a profitable business, as occasion might warrant, thousands of dollars’ worth having 
been gathered in a single season that would otherwise have gone to waste. In 1862, 4,000 barrels were dipped from 
the Allegheny river and was used for lubricating oil and for making lampblack. 

The occurrence of oil in the drift gravels beneath the superficial clays south of Titusville has already been 
mentioned (see page 49). The oil here was pumped from shallow wells, dug only a few feet into the gravel. (a)_ 


SECTION 9.—YIELD OF WELLS. 


The average duration of the profitable production of an oil-well is very uniformly estimated at five years, 
but this period is subject to very great variations. The wells in the Colorado district, northeast of Titusville, have 
been pumped about twelve years, and have yielded constantly enough to more than pay expenses. In the White 
Oak district of West Virginia the Scott and Scioto wells, drilled in 1865, were being pumped in 1880. On the 
contrary, the Cole creek portion of the Bradford field had all been drilled over since 1879, and some of the wells were 
abandoned before June 4, 1881, while at the same date wells were flowing near Tarport, in the same field, that were 
drilled in 1875. As a general rule, it may be said that the nearer the wells are to each other on a given piece of 
property the sooner they will become unprofitable. 

As an illustration: On Triumph hill eight wells were drilled in a group, two on the edge of the belt and six 
nearer the center. As each well was drilled it commenced to vield at the rate those previously drilled were yielding 
at that time, The first well was drilled in 1866, and yielded an average daily production for the first six months of 
70 barrels, the second six months 41 barrels, the second year 35 barrels; it then fell off gradually until it reached 5 
to 7 barrels, where it remained for two or three years ; it then continued to fall, until for the three years preceding 
1881 the yield was only about 1 barrel a day. The eight wells were pumped with sucker-rods by one engine. The 
six central wells were 9 or 10 rods apart. The sand in the center of the Triumph belt is more than 100 feet thick. 

The Economites drilled two wells on their tract upon the hill east of Tidioute 300 feet apart. They started at 
100 barrels a day and held it three months, then ran down to 25 barrels in two years, and during the two years 
following ran down to 200 barrels a week and held about that yield for two years. Two wells were drilled in 














a In the summer of 1881 quite an excitement was occasioned in Titusville by the discovery of oil saturating gravel beneath the 
soil of gardens along the creek. Several hundred barrels were pumped and dipped from holes or pits dug over an area of several acres. 
It was supposed to have heen the leakage from loading racks during the Pithole development. 
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positions a and b. They started at 125 barrels each, and in eighteen months ran down to zero. The rigs were 
then changed to the other side of the engines at a’ and b’ and the wells were redrilled. They were 

a a drilled deeper into the sand the second time, and were cased with 53-inch instead of 34-inch casing. 

These second wells started off at 75 barrels a day and lasted ten years. The first wells were drilled 

Died by a man who had a hobby that 10 feet in the sand is sufficient, but the second wells were drilled 

through 25 or 30 feet of sand. 

The yield of some single wells has been enormous. One half of the Empire well was sold for $900, and it 
afterward yielded $12,000 in six days. Its owners saved 3,500 barrels a day and sold it for 10 cents a barrel. The 
owners of the land were unable to furnish barrels, and the royalty was put into pits dug in gravel. Well No. 4, on 
the Jacob and John Hemphill farm, Donegal township, Butler county, Pennsylvania, struck by McKinney Brothers 
in September, 1873, has produced about 110,000 barrels, and is still (1881) producing six barrels daily. The farm 
upon which this well is located is among the most prolific oil properties ever developed, twelve wells thereon 
producing over 750,000 barrels. The Divner well, No. 1, Divner farm, butler county, Pennsylvania, has yielded 
about 200,000 barrels, and six years after being struck produced 13 barrels a day. The Boss well, on the J, A. 
Parker farm, in Armstrong county, Pennsylvania, produced about 80,000 barrels. The amount yielded by any one 
well in the Bradford district is much smaller, from 20,000 to 25,000 barrels being probably the highest yield. 


SECTION 10.—FLOODING. 


The proximity of other outlets appears to determine the duration of the flow of oil-springs or wells. The spring 
in the island of Zante is known-to have flowed two thousand years. The Beatty well, in Wayne county, Kentucky, 
drilled in 1819, is still flowing, there being no other well near it. The American well yielded oil in large quantities 
from 1830 to 1860, but after the drilling of other wells in the neighborhood the yield fell off, and finally ceased altogether. 
It is therefore impossible for any producer controlling a small area to preserve his oil beneath the surface. The 
lateral flow of oil and water through the oil-sand has been repeatedly demonstrated. Jonathan Watson, in his 
experience, had known water to run into a well when the seed-bag was removed from another one-half mile distant, 
and in another instance red paint was put into one well and pumped out of another at about the same distance. 

J. F. Carll, in Report If], Geological Survey of Pennsylvania, page 258, says: 


The National well No. 1 was struck in February, 1866. It was very near the northwesterly edge of a large and well-stored pool, and 
passed through rather an inferior oil rock as compared with that afterward found on the axis of the belt. Still it had a sufficiently free 
connection with the supplying reservoir to furnish a delivery of about 85 barrels per day, and it maintained its production with wonderful 
constancy for two years, having only declined to about 60 barrels in that time. In the summer of 1868 wells were drilled on the center of 
the deposit from which it had been deriving its supply. Some of these wells produced as much as 150 barrels per day. The effect on the 
National was immediately apparent. Its production dropped off rapidly and dwindled down to 10 barrels or less a day. M4 bk b 
Harmonia well No. 1 was on the thriving northerly edge of the Pleasantville belt. The main body of oil and the best sand-rock, as 
afterward demonstrated, lay to the south. It started with a small yield, and at the end of a fortnight was pumping about 30 barrels per 
day. Gradually increasing its production, as if enlarging and cleaning out the passages leading into the supplying reservoir, it finally 
commenced to flow, and ran up to 125 barrels, where it remained until wells of larger flow were drilled on the center of the belt and relieved 
the gas pressure, when pumping had to be resumed. After this it soon fell down to an unremunerative production and was abandoned, 

The early method of drilling with the well full of water prevented the escape of the oil and gas until the water 
was pumped out; when the rock is pierced with a hole drilled dry ‘“ the effect is similar to the sudden liberation of 
the safety-valve of a boiler under a full head of steam, * * * “the boiling, foaming mass is driven upward against 
the forces of gravity”, and sometimes shoots high above the top of the derrick. The equilibrium which had been 
maintained for ages throughout the communicating portions of the rock is suddenly destroyed in the immediate 
proximity of the well by this sudden rush up the drill-hole, and material gaseous at the ordinary temperature and 
pressure, but fluid under the enormous pressure maintained in the oil-rock, expands and evaporates as it rushes to 
the surface. This action goes forward, slowly reducing the pressure upon all the communicating portions of rock, 
until the pressure on the oil filling the rock is only equal to that of the column filling the drill-hole. The pump is 
now used to lift the fluid from the drill-hole, the oil being still under the pressure of the gas ascending between the 
tubing and casing. The rock is still full of oil, and the pumping goes on until the pressure of the gas is scarcely 
sufficient to send any of it to the surface, when a gas-pump is applied at the casing-head to one of the lateral tubes 
and the pressure of the atmosphere removed. Still, after all this has been done, there is oil remaining in the rock. 
As before intimated, the oil and gas mutually dissolve each other and form a homogeneous mass, ‘‘ the gas being as 
thoroughly incorporated with the oil as gas is with water in a bottle of soda-water.” The effects of “flooding” or 
allowing water to enter the rock partially exhausted of its oil has been the subject of much controversy. Some 
producers imagine that if the rock is properly flooded the oil can be driven toward certain points and removed to 
advantage, but experience has proved such operations extremely hazardous. 

J. I’. Carll has discussed this subject in great detail, and I am greatly indebted to his report and private 
conversations for information on this subject. He says: (a) s 

The first intimation of the flooding of a district is given by an increased production from the wells affected by it. Old wells improve 
gradually, running up from 5 to 10 or 20 or even 50 barrels. After pumping in this way for some time, the oil quickly fails, and they yield 





a J.¥. Carll, Repert III, p. 265. 


THE NATURAL HISTORY OF PETROLEUM. 91 


only a few barrels of salt or brackish water. * * * In some districts the movement is quite rapid, and wells are invaded and ‘‘ watered 
out” in quick succession; in others it is so slow that large quantities of oil are obtained from those which are favorably located to receive 
a ‘benefit’. Flooding a well is sometimes a very profitable way of closing up its career, inasmuch as it thus yields more in a few months 
than it otherwise would in years, and when the water reaches it the owner knows at once what it betokens and stops work, thus saving 
the time and money usually expended in fruitless efforts to reclaim a well failing through natural decline. * * * In judging of the. 
probable effects of the introduction of water into any particular oil district several things are to be considered. (1) The time of flooding, 
whether early in the progress of development, while yet a large percentage of oil remains unexhausted, or at a later period, after the 
supply has suffered from long-continued depletion. (2) The structure of the rock, whether regular and homogeneous throughout, or composed 
of fine sand interbedding and connected and irregular layers of gravel, sometimes lying near the top and at others near the bottom. (3) 
The shape of the area being flooded. (4) The position of the point at which water is admitted in relation to the surrounding wells still pumping 
oil. (5) The height (which governs the pressure) of the column of water obtaining admittance. (6) The duration of the water supply. It will 
readily be seen that a temporary flooding of comparatively fresh territory, such as frequently occurred in early days along Oil creek, from 
the drilling of new wells without casing or the overhauling of old ones when the seed-bag was attached to the tubing in the primitive 
way, must necessarily be quite a different affair from one caused by a permanent deluge through unplugged and abandoned wells in nearly 
exhausted territory. In the former case the flood may be checked before much water has accumulated in the rock, and then the oil-flow can 
be reclaimed after a few days of persistent pumping; in the latter, the recovery of the oil is very uncertain, because from its long-continued 
extraction a greater capacity has been given to the rocks for storing water, and this being supplicd from scattered and obscure sources, 
there is little probability that it can be shut off, although the most thorough and systematic attempts may be made to check it. 


The effect of flooding upon adjacent wells is illustrated by the following incident related of the Oil Creek district : 
A and B owned wells 200 feet apart. A’s pumped about 10 barrels a day and B’s 30. B wished to pump his, but 
A thought his would not pay and stopped, when B soon found he could get only water. B offered A $10 per day 
to pump his well ten days. At the end of ten days A refused to pump, then B offered him $25 a day for twenty- 
five days, at the end of which time B offered A $30 a day to pump his well an indefinite period, and A consented. 
In the mean time the oil in B’s well increased gradually until it reached 75 barrels a day, and the operation proved 
profitable. 

This flooding of oil territory has been proved of such importance that the legislature of Pennsylvania has 
affixed a penalty to any neglect to “ plug” abandoned wells. The plugging consists in filling them with sand. A 
moment’s reflection will show that the owner of oil territory must have it drilled or it will be exhausted by his 
neighbors drilling a cordon of wells around his property. After it is drilled, the wells must flow until the pressure 
of gas is exhausted, or, as has been known in several cases, the casing and tubing will be thrown out of the well. A 
case is on record where the casing-head was anchored down with chains and the flow of oil arrested, yet the gas 
pressure tore away the fastenings and threw the casing out through the top of the derrick. After the oil has stopped 
flowing, if the well-owner does not pump, his neighbor’s pumps will drain his territory, and if he ‘ pulls out”, the law 
compels him to fill his well with sand and ruin it forever, to prevent the public injury resulting from letting down 
surface water into the oil-sand. There is therefore no other alternative presented to the unfortunate possessor of 
oil territory but to drill and produce, whatever the price of oil may be. 
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CHAPTER VIIL-—-TRANSPORTATION AND STORAGE OF PETROLEUM. 


SEcTION 1—EARLY HISTORY OF TRANSPORTATION, 


But few facts have come within my notice respecting the transportation of petroleum among the primitive 
peoples that have used it. In Burmah it is placed in jars and transported in them about the country. The breakage 
of the jars and muck occasioned by the leakage is mentioned by Major Symes as one of the disagreeable adjuncts 
of the production in the neighborhood of Rangoon. 

In this country the Seneca oil of the early days was transported in barrels or packed in bottles. Dr. Haggard, 
of Burkesville, Kentucky, very graphically described to me the incidents attending the trip which he took to 
Louisville with the first barrel of oil that was ever sent away from the American well. The odor of the oil was so 
pronounced that it attracted a great deal of disagreeable attention along the road, and many criticisms more emphatic 
than elegant were made by the passers-by and inhabitants along the route. 

During the first years of the excitement oil was transported in 40 and 42 gallon barrels, made of oak and hooped 
with iron. Its penetrating character led those interested to coat the barrels on the inside with a stiff solution 
of hot glue, which forms a continuous lining, is elastic, and is not attacked by the oil.(a) Great difficulty has always 
been experienced in the transportation of crude oil in barrels, due to the fact that such oil invariably contains a 
trace of water, usually as much as 1 per cent., which, acting on the glue, causes the barrels to leak, and consequently 
aloss of oil. To remedy this difficulty, and also to decrease the labor of handling the oil, early in 1866, or possibly 
in 1865, tank-cars were introduced upon railroads entering the oil regions. ‘Those first introduced consisted of an 
ordinary flat car, upon which were placed two wooden tanks shaped like tubs, each holding about 2,000 or 4,000 
gallons to a car. 

While this change in methods of transportation was taking place on the railroads, a corresponding one had 
grown up in river carriage. The difficulty of moving such enormous quantities of material by teams was almost 
insurmountable. Aside from its enormous weight and bulk, the very magnitude of the transportation, carried on 
as it was over roads badly and recently constructed, left them during a large portion of the year in an almost 
impassable condition. The mud was often limitless in extent and depth, through which waded the long trains of 
teams to Oil City and other points of shipment. 

The following appears in Henry’s Harly and Later History of Petroleum, page 287: 

Arrangements were made with the mill-owners at the headwaters of Oil creek for the use of their surplus water at stated intervals 
The boats were towed up the creek by horses—not by a tow-path, but through the stream—to the various points of loading, and when laden 
they were floated off upon a pond-freshet. As many as 40,000 barrels were brought out of the creek on one of these freshets, but the 
average was between 15,000 and 20,000. At Oil City the oil was transferred to larger boats. At one time over 1,000 boats, 30 steamers, 
and about 4,000 men were engaged in this traffic. Great loss occurred from collisions and jams. During the freshet of May, 1864, a jam 
occurred at Oil City, which resulted in the loss of from 20,000 to 30,000 barrels of oil. 

Bulk barges were also introduced on the Allegheny and Ohio rivers. These were constructed with more or less 
care, many of those first employed being of inadequate strength and too easily broken up in the vicissitudes of 
river travel. As now constructed, they are made 130 by 22 by 16 feet, in eight compartments, with water-tight 
bulkheads, and hold 2,200 barrels. They are still used to convey oil from the lower Allegheny to the refineries at 
Mingo, Wheeling, Marietta, and Parkersburg, and also to float the production from Burning Springs down the 
Little Kanawha to Parkersburg. 

In 1871 the wooden-tank car gave place to the boiler-iron cylinder car of the present time. These are now 
used in transporting crude, illuminating, and lubricating oils and other petroleum products; also residuum and 
spent acid. They are much safer and stronger than wooden tanks, and the railroad companies require shippers to 
use them. The tanks are of different sizes, holding 3,856, 3,873, 4,568, and 5,000 gallons each. The heads are 
made of ¥;-inch flange iron, the bottom of 4-inch, and the top of ;’;-inch tank iron, and they weigh about 
4,500 pounds. They are about 24 feet 6 inches long and 66 inches in diameter. Those made at present hold from 
4,500 to 5,000 gallons each. 

Light iron tanks on wheels are used for carting the petroleum from Boyd’s creek to Glasgow, Kentucky, where 
it reaches a railroad. 











a The barrels are first thoroughly washed, usually with a jet of steam, dried, and heated. Hot glue is then putin and distributed over 
the whole surface. Then by a tube a pressure of about 20 pounds per square inch is applied through the bung, and the glue is forced into 
the pores of the wood.—Chem. News, xvi, 221. 
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\ SECTION 2.—PIPE-LINES. 


A wonderful revolution has taken place in the transportation of petroleum through the use of pipe-lines. The 
Bradford Era gives the following account by C. L. Wheeler: 

He said in substance that the first suggestion of a pipe-line for transporting oil, so far as he knew, was made to him by General S. 
D. Karns at Parkersburg, West Virginia, in November, 1860. Mr. Karns said that as soon as he could raise the money he would lay a six- 
inch gas-pipe from Burning Springs to Parkersburg and let the oil gravitate to the Ohio river, a distance of 36 miles. For some reason 
this line was never laid. Some years after, Mr. Wheeler was unable to recall the exact date, a Mr. Hutchinson, inventor of the rotary pump 
which bears his name, conceived the idea of forcing oil through pipes, and explained his plan to John Dalzell:and the narrator in the 
latter’s office in Titusville. Subsequently Hutchinson’s plans became a reality, the first pipe-line being laid from the Sherman well to 
the terminus of the railroad at Miller farm, a distance of about 3 miles. The inventor’s idea of the hydraulic pressure of a column of 
that length was certainly very exalted, and he took elaborate pains to prevent the breaking of pipes. At intervals of 50 or 100 feet 
were air chambers like those on pumps, 10inches in diameter, for the purpose of equalizing the pressure. These queer protuberances gave 
the line the appearance of a fence with ornamental posts and excited great curiosity. The weak point, however, was the jointing, which, 
as the pipes were of cast-iron and imperfectly finished at their ends, was very defective, and the leakage from this cause was so great 
that little, if any, oil ever reached the end of the line. It was a success theoretically, but a mechanical failure. Thus the expectations 
of easy and cheap transportation for crude oil raised by the building of the first pipe-line were ruthlessly dashed to the ground and the 
inventor discontinued his experiments in despair. 

The first successful pipe-line was put down by Samuel Van Syckle, of Titusville, in 1865, and extended from 
Pithole to Miller’s farm, a distance of four miles. In the fall of 1865 Henry Harley began the construction of a pipe- 
line from Benninghoff run to Shaffer farm, and finished it the following spring. Meantime the firm of Abbot & 
Harley had secured control of the Van Syckle line, and they afterward purchased enough of the Western 
Transportation Company’s stock to control the charter and organized under it. The two lines thus consolidated 
were brought into successful operation under the name of the ‘‘ Allegheny Transportation Company”. 

After the doubters were silenced by the prospect of success, the enterprise met with the most determined 
opposition from the army of teamsters and roustabouts, who supposed their interests were invaded by the use of 
pipe-lines. Mr. Harley was threatened with personal violence, his oil-tanks were burned, attempts were made 
to destroy the pipe-line by breaking the joints, and personal violence was offered to the men employed upon it. 
A few detectives, employed as teamsters, soon effected the arrest of the ringleaders, and the opposition ceased. (a) 

At the present time the pive-lines not only form a complete network throughout the oil regions, but there are 
trunk lines which extend from the oil regions to Pittsburgh, Cleveland, Buffalo, New York, and Williamsport. These 
trunk lines transport the oil of large areas to those cities under a high pressure, delivering thousands of barrels 
daily. They are laid for miles through the forest-covered hills and valleys of northern Pennsylvania and southern 
New York, across hills and rivers, on the surface of the ground or only slightly covered. These main lines 
are 6-inch pipe tested to a pressure of 2,000 pounds to the square inch and joined with couplings, into which the 
lengths of pipe are screwed, as are ordinary gas or water pipes. 

Bach well has a tank, usually of wood, holding an average of perlaps 250 barrels. With these well tanks are 
connected 2-inch pipes, converging toward a central point, to which there is fall enough to cause the oil to descend. 
Occasionally wells are so situated that the oil has to be forced by a pump over a hill. 

The lines are provided with cocks and gates for opening and closing connections, and the large corporations 
constantly employ a corps of men in laying and taking up pipe as connections are made with new wells or broken 
with others. It is impossible to compute or estimate accurately the vast length of these 2-inch pipe connections. 
Wells are connected and left to flow for months or years, with only an occasional visit of the owner or agent. Only 
that proportion of the producing interest controlled by firms or corporations of strict business habits really know 
approximately how many miles of pipe they own, and therefore an accurate enumeration was found to be impossible; 
but it is safe to say that there are thousands of miles of 2-inch pipe laid for transporting oil not owned by the pipe- 
line companies. These lines run everywhere through the streets of towns, across fields and door-yards, under and 
over and beside roads, and terminate at pumping stations, at racks, or in storage-tanks. There are also racks and 
storage-tanks on the main lines. 

The pumping stations are located at central points in the valleys. These stations consist of permanent 
buildings, a boiler-house and a pump-house, which contain the necessary steam-power and a steam- and oil-pump 
combined in one. Many of these pumps are of the Worthington pattern, and are very powerful machines, forcing 
the oil rapidly through great distances and in vast quantities, not only over the hills that are encountered in 
the course of the line, but against the friction of the pipe conveying the oil; an element in the problem of vast 
importance when it is remembered that the friction increases enormously as the flow of the oil is increased in rapidity. 
The friction on the 108 miles of 6-inch pipe between Rixford and Williamsport, Pennsylvania, is found to be equal 
to a column of oil 700 feet in height; that isto say, if the pipe were laid on a uniform descending grade of 700 feet 
between the two points and filled with oil, the friction or the adhesion between the oil and iron would prevent the 
oil from flowing For these reasons the pressure carried on these pumps is frequently from 1,200 to 1,500 pounds 
to the square inch. . 











a Henry’s Larly and Later History of Petroleum. 
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The racks are used for loading oil from pipe-lines into tank-cars, and are so arranged that any number of 
cars, from one to an entire train, can be loaded at the same time. They are constructed after the following general 
plan: The line is brought alongside the railroad track, and perpendicular branches are brought up just as far apart 
as the length of a tank-car. A platform is erected of a convenient height, and each perpendicular branch-pipe is 
provided with a stop-cock and an elbow above it. To this elbow is attached an adjustable pipe, usually of tin, long 
enough to reach the man-hole of the tank-car as it stands upon the track. To load a train it is ran upon the track 
in front of the rack, the man-hole plates are all removed, the adjustable pipes placed in position to discharge the 
oil into the tanks, and the oil turned on. In this way as many cars as the rack will hold, perhaps 20, holding 2,000 
barrels of oil, can be loaded in an hour and a half. 

The storage-tanks are situated at convenient points for construction and use in filling and emptying. Standing 
on the hill south of Kendall, and looking north up the Tuna valley toward Limestone, I counted about 60 of these 
huge storage-tanks in sight. They are placed upon the ground without any foundation, the surface being carefully 
leveled to receive them. The following table shows the relative capacity, dimensions, and weight of the different 
8iZes : 












Sizes of iron. 






Capacity. | Diameter.| Height. Weight and value. 


Barrels. Feet. Feet. 
37, 065. 66 95. 4 29 90 tons; value, $9, 000; 
5 cents per pound, 






54 plates, No. 6, sketch. 
34 plates, No. 00, rectangular. 
68 plates, No. 0, rectangular. 
34 plates, No. 3, rectangular. 
34 plates, No. 4, rectangular. 
34 plates, No. 5, rectangular. 
200 plates, No. 6, rectangular. 
34 plates, No. 7, rectangular. 
48 plates, No. 6, sketch. 
32 plates, No. 0, rectangular. 
32 plates, No. 1, rectangular. 
32 plates, No. 2, rectangular. 
32 plates, No. 3, rectangular. 





















31, 000, 00 86.0 30 80 tons; value, $8,000; 
* 5 cents per pound. 

























40 plates, No. 


5, rectangular. 
80 plates, No. 6, rectangular. 
ai 
8 





20 plates, No. 
5, 900. 00 45.0 20 15 tons; value, $2,100; | 20 plates, No. 8, sketch. 

| 7 cents per pound. 15 plates, No. 5, rectangular. 

30 plates, No. 6, rectangular. 

| 15 plates, No. 7, rectangular. 


, rectangular. 





32 plates, No. 4, rectangular. 
32 plates, No. 5, rectangular. 
165 plates, No. 6, rectangular. 
26, 000. 00 87.0 248, | 66 tons; value, $7,260; | 46 plates, No. 6, sketch. 
5} cents per pound. 31 plates, No. 1, rectangular. 
31 plates, No. 2, rectangular. 
31 plates, No. 3, rectangular. 
31 plates, No. 4, rectangular. 
31 plates, No. 5, rectangular. , 
169 plates, No. 6, rectangular. 
22, 000. 00 85. 0 22 53 tons; value, $5,830; | 54 plates, No. 7, sketch. 
54 cents per pound. 26 plates, No. 2, rectangular. 
26 plates, No. 3, rectangular. 
26 plates, No. 4, rectangular. 
26 plates, No. 5, rectangular. 
26 plates, No. 6, rectangular. 
156 plates, No. 7, rectangular. 
16, 000. 00 70.0 24 45 tons; value, $5,400; | 38 plates, No. 7, sketch. 
6 cents per pound. 50 plates, No. 3, rectangular. 
25 plates, No. 4, rectangular. 
25 plates, No. 5, rectangular. 
25 plates, No. 6, rectangular. 
82 plates, No. 7, rectangular. 
25 plates, No. 8, rectangular. 
10, 000. 00 60. 0 203% | 38 tons; value, $5,320; | 38 plates, No. 6, sketch. | 
7 cents per pound. 40 plates, No. 4, rectangular. | 





44 plates, No. 8, rectangular. 
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The following specifications, used by the United Lines in making contracts, will give a very good idea of their 
construction : 
UNITED PIPE-LINES.—SPECIFICATIONS FOR 35,000-BARREL TANKS. 


Dimensions.—Tank to be 93 feet in diameter and 30 feet high, and be composed of 7 rings 

Surets.—The first ring to be of No. 00 (Birmingham gauge), weighing 13.64 pounds per square foot. The second ring to be of No. 0 
(Birmingham gauge), weighing 12.04 pounds per square foot. The third ring to be of No. 1 (Birmingham gauge), weighing 11.40 pounds 
per square foot. The fourth ring to be of No. 2 (Birmingham gauge), weighing 10.40 pounds per square foot. The fifth ring to be of 
No. 3 (Birmingham gauge), weighing 9.55 pounds per square foot. The sixth ring to be of No. 4 (Birmingham gauge), weighing 8.83 
pounds per square foot. The seventh ring to be of No. 6 (Birmingham gauge), weighing 8.15 pounds per square foot. The bottom to be 
of No. 6 (Birmingham gauge), with 5 sketch plates, weighing 8.15 pounds per square foot. 

ANGLE-IRON.—The bottom angle-iron to be 4 by 4 by 4. The top angle-iron to be 2 by 2 by 2. 

Rivets.—The bottom angle-iron and first ring to be riveted with 3-inch rivets; the second and third rings with }-inch rivets driven 
hot, and the remaining rings with -inch rivets driven cold. The vertical seams of the first, second, third, and fourth rings to be double- 
riveted. 

Roor.—The roof to be conical, with a rise of at least 5 feet 6 inches to the center (1.2 inches to the foot), and to be covered with 
No. 20 iron, painted on both sides, and riveted to the top angle-iron. The ends of the rafters supporting the roof must not rest on the 
angle-iron, but upon posts placed next to the shell of the tank inside. 

MAN-HOLE.—The man-hole to be of wrought-iron throughout, and 20 inches in diameter, and be placed 10 inches from the bottom of 
the first ring in the sheet adjoining that in which the outlet-valve is placed. 

Hatcues.—There shall be two hatches in the roof, each 24 by 3 feet, provided with suitable covers. One of the hatches shall be 
directly over the outlet-valve; the position of the other to be determined by the superintendent of the United Pipe-Lines. 

SwInG-PiPpEs.—There ses be two swing-pipes, one of 6}-inch casing, for oil, and one of 14-inch pipe, for water; each pipe to be 30 
feet long, and to have 50 feet of chain fastened to it by clamps; the chain for the 6}-inch pipe to be 3';-inch, and the chain for the 14-inch 
pipe to be }-inch. 

FLANGES.—The flange for the pipes to be of wrought-iron, and securely riveted to the tank; the flange for the 6}-inch pipe to be 
at least 14 inches thick where the thread is cut. 

VALVES AND CONNECTIONS.—The oil-valve to be a 6-inch iron body, brass-mounted, flanged gate-valve. The connections for the oil 
swing-pipe to consist of one 6-inch nipple (8 threads to inch), with 10 inches of thread on one end and ordinary thread on other end. 
One 6-inch elbow (8 threads to inch). One 6-inch elbow (8 threads to inch) on one end, and 64 casing-thread on other end. One 6-inch 
nipple 18 inches long, ordinary threads both ends (8 threads to inch). The water-valve to be a 14-inch iron body screwed gate-valve. 
The water connections to be one 14-inch nipple, with 6 inches of thread on one end and ordinary thread on the other. One 1} nipple 6 
inches long, with ordinary thread, both ends. Two 14-inch elbows. 

Winpiass.—There shall be a windlass over one of the hatches to raise the swing-pipes. 

Srarrs.—The stairs to be substantially constructed and furnished with a gate. The tank.to be carefully painted with red paint, 
and to be completed in every part in a thorough and workmanlike manner. 


The standard tank adopted by the United Pipe-Lines is the second on the list, practically holding 30,000 barrels 
of oil, and over 20,000,000 barrels of oil are stored in these tanks of various sizes.(a) The oil is subject to 
depreciation in value from evaporation and by leakage through the roof of the tank, by which it is converted into 
an emulsion locally known as “‘ B. 8.”, from which the water will not separate until the emulsion is heated. These 
tanks are also constantly exposed to danger of fire from lightning and other accidental causes. 


SECTION 3.—CONCERNING IRON-TANK FIRES. 


The following discussion of the subject of tank fires is mainly abridged from an elaborate discussion of the 
subject by William T. Scheide, superintendent of the United Pipe-Lines: 

A few of the tanks have roofs of No. 12 iron riveted and calked, but the majority have a conical, wooden roof, 
covered with No. 20 iron. The plate-iron roofs are more expensive, and do not remain water-tight. Iron roofs, 
when sunken and covered with water, are especially bad, owing to changes in the form of the shell, due to 
changes in the temperature, and also to filling and emptying the tank. The roof adopted is wooden, with a pitch 
of 1.2 inches to the foot from the center, supported on posts set inside the tank and covered with No. 20 iron, nailed 
to the wood and securely riveted to the shell. 

Such a tank, containing 80 tons of iron, and resting upon 5,800 square feet of earth, upon whiclt it is pressed by 
more than 4,000 tons of oil, would seem to be safe from lightning. The danger comes from the liability of the gas 
that is continually rising from the oil to be lighted from the bolt. Mr. Scheide thinks the roofs are tight enough to 
prevent the escape of gas, and that the firing takes place inside; but this is scarcely possible from the manner 
of their construction, and it is probable that the firing is due to the ignition, either within or without the tank, of an 
explosive mixture of gas and air. Mr. Scheide caasinene that the introduction of the spark can take place by 
following the pipes and leaping across some air space, as the tanks and pipes of the whole region are connected in 
a network. 

These pipes are connected with the tanks in either of two ways: 

1. They run up the sides and over the top of the tank, bending into the hatchway, in which case they are 
held to the shell of the tank by an iron band, fastened to the roof (making a connection), and extending 12 or 15. 
inches through the hatch into the tank. If such a pipe were struck, and the entire bolt was not conducted to the 
earth through and over which it passes, the residue would leap through the mixed air and gases over the oil and 














a April, 1882, 27,000,000 barrels. 
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fire them. To provide against this such pipes are now being bolted to a flange on the shell, and do not project 
through it. This arrangement is necessary for station tanks, where it is required to see the flow of oil in order to 
judge whether the pipe is intact. | 

2, As the majority of tanks are storage rather than station tanks, they are not so arranged. Oil is pumped 
into these through a pipe that enters through a flange at the bottom. To provide against the collection and freezing 
of water which settles from the oil about the outlet valve, the pipe is continued through the shell by what is called 
a ‘‘swing-pipe”, the end of which is intended to be constantly above the surface of the oil. In this case, as in the 
other, the residuum of a charge might leap from the pipe to the shell and fire the tank. This swing-pipe is raised 
and lowered by a chain, one end of which is fastened to the pipe, and the other to a windlass placed above one of 
the hatches, the chain passing through the roof. Mr. Scheide suggests that such tanks be disconnected from the 
pipes, but remarks that the ground becomes very dry beneath them, and hence they are not in as complete 
connection as might at first be supposed. At the same time no such isolated tank has ever been burned. 
Continuing, he says: 


The great majority of tanks lost by lightning have been station tanks with pipes running over the roof; but there have been tanks 
burned where the only pipe connection was through the shell near the bottom, the spark evidently going from the end of the swing-pipe. 
Well tanks of wood (usually 16 feet in diameter and 8 feet high) are quite frequently destroyed, though not more frequently in proportion 
to their number than iron tanks. There is always a 2-inch pipe leading over the top of these tanks and resting against the derrick over 
the well. This derrick, being 70 or 80 feet high, is very liable to be struck. The noteworthy point about these fires is that the pipe that 
leads to the tank has its other end connected with the tubing and casing in the well, and is thus afforded the most perfect earth connection 
conceivable. The firing in these cases is due, first, to the presence of an explosive mixture formed by the mingling of the gas from the 
fresh oil and the air; and, second, to the residual discharge from the end of the pipe. LKither the mixture without the discharge or the 
discharge without the mixture would be harmless. 

Wheu a tank is fired, the roof is always blown off if there are several feet of gas space between it and the oil. There have been 
instances where this explosion was sufficiently intense to blow the tank to pieces. When, as has been the case this year, the tank is 
practically full, the explosion only starts the roof, and the fire may be, and occasionally is, extinguished by covering the rents with wet 
blankets, or by turning in steam. Usually, however, a tank once fairly aflame has to burn, and attention is directed exclusively to saving 
adjoining property. Ina country as broken as this it is difficult to find sufficient ground to separate the tanks widely without going to 
unwarranted expense, so that from 200 to 300 feet is considered a fair interval between them. Very many are much closer than this. 

A tank once fairly on fire will burn from 6 to 8 inches an hour, and will not endanger neighboring tanks (unless high wind carries 
the flames over them) for several hours. The danger comes usually from the ‘‘ overflow ”—the most extraordinary phenomenon attending 
an oil fire. After a period varying, in a full tank, from 5 to 12 hours, or even a little more, and when the oil has burned down about 5 feet, 
the tank suddenly and without any previous notice throws out in a grand flow from 8 to 12 feet (8,000 to 12,000 barrels) of burning oil. To 
prepare for this flood all our energies are directed until it comes. Ditches are dug and embankments thrown up between the burning 
tank and other property, and, if possible, the ditches are made to open into fields, where the oil can burn rapidly and without further 
damage. 

The oil burns on the ground or on water with incredible rapidity, and will not run very far from the tank. When the flow ceases, 
it loses its limpidity, as its lighter parts are consumed, and when carried forward by water the flames die out in a comparatively short 
distance, leaving the surface covered with thick, dark-green, unconsumed oil. 

At certain intervals after the first flow there will be smaller flows, and in from twenty-four to thirty-six hours the tank will be quite 
burned out. 

The cause of these overflows is uncertain. They are probably owing, in part at least, to the heating of the subjacent oil, but not 
wholly. 

At the Custer fire our superintendent went completely around within five minutes of the flow, and as far as he could reach the tank 
was quite cool to the hand. 

The theories offered to account for the overflow are chiefly, first, heating the sides of the tank causes the oil to boil; second, currents 
of air caused by the fire itself; and, third, that, as the more volatile parts of the oil burn first, the burning surface will, after atime, 
become thick enough to seriously impede the free flow of gas from the oil beneath, and this obstruction becomes sufficient to permit or 
cause the accumulation of a quantity of gas so considerable as when it is suddenly relieved to cause the overflow. It is certain that the 
force excited is very great. At Custer the flow was made with such vehemence as to extingnish the flames in the tank, and for several 
minutes the oil left in the tank was not burning, only catching again from the fire outside. 

To shorten the time during which the tank burns we “shoot” it with small cannon or rifles. Through the holes thus made a 
considerable quantity of oil escapes, and though the area and intensity of the fire is increased the time of danger is lessened. When 
spouting from holes made by rifle-balls the oil burns with an exceedingly brilliant, pure white flame, almost comparable to the electric 
light. Another object in shooting is to lessen the overflow by reducing the volume of unburned oil in the tank. The flames of a burning 
tank take a whirling motion, tending toward the center of the tank; when there is no wind the column of flame and smoke covers about 
two-thirds of the surface of the tank, the strong rotary movement drawing the flames from the circumference. The combustion is 
naturally very imperfect, and the column is chiefly dense black smoke, through which the flames, in great brilliant jets of fire, burst 
continually. 


In a private communication of later date Mr. Scheide says: ¢ 


1. We think lightning-rods are an advantage ; we rodded nearly all the tanks last summer, and the result (if it was the result) indicates 
the advantage. Seven tanks were fired; three had no rods, and four had. But one of the four was a station tank undergoing repairs to 
the roof, and we think the evidence is that the discharge came from the pipe. As at least 90 per cent. of the tanks were rodded, the 
showing of last summer we think favorable. The rod is an inch-round iron rod 25 feet long, screwed into two iron bands (4 inches by 
4 inch), which cross each other at the apex of the roof and run radially to the circumference, where they are carefully riveted to the top 
angle-iron, and so to the shell, The idea is that the shell may help discharge itself as far as possible above the roof, and the spark thus 
kept out of the vicinity of the escaping gas. The bands are further fastened to the roofing iron (previously scraped and cleared) by screws. 

2. Allrecent tanks have been built without swing-pipes. An arrangement devised by one of our men keeps the water out of the 
gate-valve, through which the tank is filled and emptied. We are now lowering the swing-pipes in all other tanks on the bottom of the 
tank, there to remain until fall. I think this is quite important. 
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3. The ground (electrical) connections of the tanks we find on test to be very much better than expected. We have had every tank 
in the field tested for its electrical connection with the earth and with the rods. Owing to the extreme difficulty in obtaining a perfect 
“ground” to test to, our results are only approximate, but a vast majority of the tanks show an average earth resistance of not exceeding 
6 ohms. Their true resistance is probably much less. We were unable to get any resistance in the rod connections. We were prepared 
with no less resistance coil than one-hundredth of an ohm, and none of the rod connections gave as much resistance as that coil. 

4. We have increased the distance between the tanks: 350 feet from shell to shell is now the minimum distance, and the average 
is 400 feet. 

5. We are confident we can prevent the overflow if we can draw the oil out of the burning tank fastenough. A 33-inch cannon seems 
about the best instrument for the purpose, but we are experimenting with a machine that seems to promise well, which will cut a 6-inch 
hole without any jar to the tank, and be operated by power from a safe distance. About a dozen 3}-inch shots will empty a tank fast 
enough to prevent an overflow. 

6. We have given a great deal of thought to the matter of extinguishing fires. We conclude thus far that this can only be done 
while the roof is yet comparatively whole (it is often several hours before the roof disappears), and by steam or carbonic acid. We think 
steam the surest, as it can be generated more steadily. We have a large ‘‘gas-engine”, with a capacity of 2,000 cubic feet per charge, but 
experimental tests have not encouraged us. We tried it also at an actual fire, but it was not in first-class order, having been partly broken 
in transit. We have built a number of 30-horse boilers and fitted them for rapid steaming with oil fuel, which we think will prove 
effective. We expect to have at least two of these boilers at a burning tank, with steam on, in an hour and a half at most from when it 
was struck, having organized very thoroughly a fire department at each of our tankage points completely supplied with every tool and 
machine necessary at an oil fire. 

The burning of a large oil-tank at night is described as one of the grandest spectacles that can be witnessed. 
Considering the fact that whenever a thunder-storm passes over the oil regions it is quite probable that one or more 
tanks will burn, and also the seeming recklessness with which these vast reservoirs of combustible material are 
located in and near large towns, escape from terrible disaster seems providential. There have been several serious 
warnings. Red Rock station, on the Olean and Bradford narrow-gauge railroad, was burned in November, 1879. 
A wooden 250-barrel tank having taken fire from a lantern, the oil from this small tank ran down the valley and 
struck alargeironone. The flames being as high as the tank, soon set its contents on fire. The tank of oil began to 
burn about 7 p. m., and continued to burn quietly until 4 a. m., when it overflowed. The burning oil streamed over 
the sides, and, running down the main street, set the town on fire. The tank fire at Summit City was witnessed by 
a large company on the hill above, who were waiting for the overflow. A man fired into it with a Winchester rifle, 
around the circumference and at about the same height from the ground, making a fountain of fire as the jets 
ignited successively. Finally the oil poured over the sides all around, and a column of flame ascended at least 300 
feet in height, and spread out in a horizontal sheet, like an umbrella. A gentleman beneath this sheet of flame and 
several hundred feet from the tank had his hat scorched. 

Hair-breadth escapes from destruction are often recorded. A tank near Tarport was fired by lightning in the 
summer of 1880. The explosion split the cover across from side to side and set the oil on fire, the flames streaming 
out of the man-hole in the cover. Wet blankets were placed over the hole at first without success, but finally, by 
doubling them and putting wet carpets along the crack in the cover, the flames were smothered and the tank saved. 
On another occasion a 250-barrel wooden well tank, 16 feet in diameter and 8 feet high, nearly full of oil, and 
covered with loose boards, was fired by a thunderbolt. A workman near by wet his coat and thrashed out the 
flames. His employer gave him $50, but told him not to risk his life another time for so small a value. These nay 
be taken as examples of hundreds of similar incidents. 

It may not be out of place here to remark that very disastrous fires have sometimes resulted from the ignition 
of gas at the well head when the oil-rock is perforated. One of the most disastrous fires of this kind on record 
occurred in 1861 on the John Buchanan farm, on the east side of Oil creek. The well was at the mouth of a small 
ravine formed by the waters of a spring, which, spreading out, had formed a small marsh. The well had first been 
drilled to the first sand and afterward put down deeper, and must have poured forth a stream of 3,000 barrels a 
day, as the marsh was immediately flooded with oil. The catastrophe is thus described by an eye-witness: 

Just after supper on the evening of April 17, 1861, Mr. H. R. Rouse, Mr. Perry, Mr. Buel, myself, and others were in the sitting- 
room of Anthony’s hotel, when a laborer on the fatal well hurried into the room to say that a monstrous vein of oil had been struck and 
barrels were wanted to preserve it. All ran to the well with the exception of myself, and I, not seeing the man who attended to the 
distribution of barrels, started in the opposite direction for teams to haul the necessary packages. I had completed my errand, and was 
on a full run forthe well, with less than 20 rods to make, when an explosion occurred which nearly took me from my feet. On the instant 
an acre of ground, with two wells and their tankage, a barn, and a large number of barrels of oil were in fines, and from the 
circumference of this circle of fire could be seen the unfortunate lookers-on of a moment before rushing out enveloped in a sheet of flame 
that extended far above their heads, and which was fed by the oil thrown upon their clothing by the explosion. * * * The well 
burned three days before it could be extinguished, which was finally done by smothering it with manure andearth. Its appearance while 
burning was grand. From the driving-pipe, 6 inches in diameter, to the height of 60 or 70 feet arose a solid column of oil and gas, 
burning brilliantly. Above this hovered an immense cloud of black smoke, which would seize sections of the ascending flames, and 
rolling over and over, first exposing to the view cloud and then flame, would rise a hundred feet higher before the flame would fade 
out. From the main column below millions of individual drops of oil would shoot off at an angle, and then turning the are of a circle 
drop burning to the ground, presenting all the hues of the rainbow, making a scene like enchantment, the whole accompanied by a roar 
hardly inferior to that made by Niagara Falls. (a) 

Mr. Henry R. Rouse, one of the owners of this well, was among those fatally burned. On other occasions a 
fountain of oil projected high into the air has burned continually for weeks before the flames could be smothered. - 








a Henry’s Early and Later History of Petroleum, p. 338. 
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Oil in transit in tank-cars has also occasioned terrific fires. Travel stopped ten hours on the Central railroad 
of New Jersey in 1876 by the burning of oil cars. The following telegraphic dispatch illustrates the extent of 
such disasters : 

Port JERVIS, NEW YORK, October 5—3 p. m.—The fire broke out at 1.40 p. m., and is burning fiercely. There are fifteen cars in the 


train, which are exploding one after the other. No one dares approach within a hundred feet of the train. Rails will have to be laid 
for a distance of nineteen car-lengths before trains can pass. 


The following is from Stowell’s Petroleum Recorder, June, 1880: 


The greatest oil fire on record occurred in Titusville, Pennsylvania, on the 11th of June, 1880. It continued three days, and was 
caused by lightning striking a large iron tank filled with crude oil on a hill south of the city, from which the burning fluid rolled down 
the declivity, consuming refineries, tanks of crude oil, tanks of benzine, tanks of distillate, houses, stables, and bridges; burning some 
200,000 barrels of oil, 8 or 10 iron tanks, 2 refineries, 2 bridges, 20 or 30 dwellings, and everything that could be burned in its resistless 
course to the creek below. The estimated loss was $500,000. 


The United Pipe-Lines mutually insure their patrons against losses by fire and other accidents. The following 
notice will illustrate the manner in which the assessments are made after any accident which involves a loss of oil: 


GENERAL OFFICE UNITED PIPE-LINEs, 
Oil City, Pennsylvania, August 30, 1880. 
The patrons of the United Pipe-Lines are hereby notified that all credit balances upon the books of the United Pipe- “nee at the 
close of business August 28, and all outstanding acceptances issued on and before that date, are subject to an assessment of twenty-one 
one-hundredths (;%i7) of 1 per cent. in pipeage paid oil, on account of loss by fire, on August 28, 1880, of tank United register No. 738, 


located at Babcock, on the Erie railroad, McKean aoader Pennsylvania. 
WILLIAM T. SCHEIDE, General Manager. 


SECTION 4.—CONCERNING THE STORAGE OF OIL AND ACCUMULATED STOCK. 


The legislature of Pennsylvania has required the incorporated pipe-lines whose certificates are negotiable paper 
to publish a monthly statement of their condition. The following abstract of a report made in conformity to the 
requirements of that law affords a sufficient illustration of its operation : 


STATEMENT OF THE TIDE-WATER PIPE COMPANY, LIMITED. 
(Made in compliance with the act of assembly approved May 22, 1878.) 


First. Quantity of crude petroleum which was in the actual and immediate custody of said company at the beginning of the month 
of March, 1881, 1,594,900.68 barrels. 

Quantity of crude petroleum which was in the actual and immediate custody of said company at the close of the month of March, 
1881, showing where the same was located or held, describing in detail the location and designation of each tank or place of deposit, and 
the name of its owner, viz: 
























































Designation of tank. 
_ ‘4 Ra it aes 
; undredths o 
Wood ae Name of owner. Location. haseuis et a 
or Marked. Meee a gallons each. 
iron. | Ate ats 
| | - ae 
Tron -..| Tide-Water Pipe Company, limited .. 2 | Tide-Water Pipe Company, limited...) Otto township, McKean county, Pennsylvania. .-.-. 25, 238. 86 
Tron seis oes GO We Sac teases tat ecncce teeter 12 | Knapp’s Creek Oil Company, limited -|...--- OEE A eo Semcme ser eceeie tBansasscscl 23, 803. 26 
Tron ...|.---+- MO woke Geboe eatin estas tes cseeeeees 15 | Hoyt & Emerson et al.......--...----- (eesepe MOP lees oo 9h nw eee od seceee pat steele sts tae teens 25, 608. 53 
* * * (*) * * * * I,459,695.10 
W 0005 ice cc as retcenecceeenoterenence ence eee: phe Aa fi ey eae tee ae pe RE eared 8 | Gibson’s Point, Philadelphia, Pennsylvania ........ 438. 29 
Iron ...! Tide-Water Pipe Company, limited -. Hs ae Gs. pad peers eae cs Se sees Se ae we tent DO". bate tas et ehcoceek oes saeacn dake Sagas cet eee 3, 119. 68 
Tron s4}20.! do Ssi2 ese eee ee ees. 6s: cee Fi nM EP AS oe eR bo ey de oth Thurlow, Delaware county, Pennsylvania.....-.--. 29, 884. 66- 
Tronwess ences OO pnb a eee ch aot conten eee Pie eae dos Hass eo ke Bet oer ete naiee see GO, Sctcp hie tn comet raat opts aeer See eteee 28, 114. 48 
7 a a aa ae o° me pres ¥ ee Total Auid in) tanks 25-2: soces eq. seeonenee oer 1, 595, 902. 86 
| Less sediment and surplus..........-....---------- 3 33, 903. 97 
Net amount of il in tanks.........-......----- 1, 561, 998, 89 
Contained in 138 tank-cars in transit. Capacity, 106.66 barrels each .......-...-.---------------- | Between Williamsport, Pennsylvania, and Bayonne, 14, 719. 08 
New Jersey. 
Contained in 28 tank-cars in transit. Capacity, 106.66 barrels each .....-........-.-----.2.-0--- | Between Williamsport and Philadelphia, Pennsy]- 2, 986. 48 
vania. 
Contained in 41 tank-cars in transit. Capacity, 106.66 barrels each.......-....--.---.-.-------- Between Philadelphia and Thurlow, Pennsylvania. 4, 373. 06 
Miles of pipe. | Inside diameter. | Capacity per mile. | Total capacity. |Estimated contents.) 
Inches. Barrels. Barrels. Barrels. 
93. 95 2. 067 | 21. 914 2, 058. 82 1, 029. 41 | 
27. 68 3. 067 48. 247 1, 335. 48 1, 335. 48 
14. 93 4. 026 83. 137 1, 241. 24 1, 241. 24 | 
108, 24 6. 065 188. 672 20, 421. 86 18, 379. 67 Total 23. 112. 29 
2. 04 7. 982 326. 790 666. 65 666. 65 GRA saci Sturn Matai n> nse ee chin CC Sil | Jaap 
0. 62 | 12, 025 | 741. 677 | 459. 84 459. 84 Total barrela’,tisc% pscucnacenssuscceeeeoeeees | 1, 607, 189. 80 
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Second. Quantity of crude petroleum which was received by said company during the month of March, 1881, 159,874.51 barrels. 

Third. Quantity of crude petroleum which was delivered by said company during the month of March, 1881, 145,699.68 barrels. 

Fourth. Quantity of crude petroleum for the delivery or custody of which said company was liable to other corporations, companies, 
associations, or persons at the close of the month of March, 1881, 1,607,189.80 barrels. 

Fifth. Amount of such liability which was represented by outstanding certificates, accepted orders, or other vouchers, 1,325,400 
barrels. 

Amount of such liability which was represented by credit balances, 281,789.80 barrels. 

Sixth. All the provisions of the act above referred to have been faithfully observed and obeyed during the said month of March, 1881. 

No refined petroleum was in the custody of said company during the month of March, 1881, nor was said company liable during the 
month for the delivery of any refined petroleum. 

D. B. STEWART. 


B. F. WARREN. 
COMMONWEALTH OF PENNSYLVANIA, 


County of Crawford : 
Before me, a notary public within and for said county, duly authorized by law to administer oaths, personally came D. B. Stewart, 
having charge of the books and accounts of the Tide-Water Pipe Company, limited, and B. F. Warren, having charge of the pipes and 
tanks of said company, who, being each duly sworn, depose and say that they are familiar and acquainted with the business and condition 


of said company and with the facts set forth in the above report, and that the statements made therein are true to the best of their 
knowledge, information, and belief. 


Subscribed and sworn before me this 9th day of April, 1881. 
JOHN O'NEILL, Notary Public. 


At the close of the census year the accumulation of gross stocks in the tanks of the United lines, according to 
their published statement, was 10,306,078.79 barrels, and of this 454,193.73 barrels was estimated to be “ sediment 
and surplus”. At the same time the tide-water pipe-line report gross stocks in tanks at 978,183.30 barrels and 
18,657 barrels “water and sediment”. Concerning this surplus Mr. Scheide writes : 


Our ‘‘surplus” is the amount in which our gross stocks exceed our liabilities of all kinds, and we estimate that it is large enough 
to enable us to deliver all the oil we owe with a safe limit. We keep it at from 3} to 4 per cent. of our liabilities by monthly purchases. 
Every year we make a careful inspection of the contents of our tanks. By an instrument called a ‘‘thief” we can take samples from 
any depth in the tank through four gauge-hatches in the roof. These samples, when not clearly merchantable oil, are carefully heated 
in white-glass bottles having leveled bottoms. The heat completely separates the oil from the water, dirt, and paraffine, which last 
settles in time into a compact mass at the bottom. There being a clear line of separation, the percentage of oil in the sample is thus 
readily obtained. In our calculations of the value of our ‘‘B. 8S.” we usually make a further reduction of from 10 to 50 per cent. to 
cover the expense of the separation. This can only be determined by experts. In addition to the annual inspection, there are two 
experts engaged every day in inspecting the tanks to see whether the water or “‘B. S.” is accumulating, which is about the only way we 
have of finding small leaks in the roof. It is impossible to give any idea as to how fast ‘‘B. 8.” is formed. The quantity formed differs in 
the widest manner in adjacent tanks; with rain carefully excluded, its formation, after that naturally in the oil (there is asmall percentage 
in almost all fresh oil) had settled, would be commercially insignificant. We have enormously reduced its formation by the careful 
attention we have for two years been giving our tank roofs. I think that 3 per cent. is an ample surplus on a stock exceeding 20,000,000 
barrels, but the percentage would have to increase rapidly if the stock was materially reduced. 


_ The total net stock in tanks June 1, 1880, was estimated to be 11,737,890 barrels, exclusive of the Franklin pipe- 
line, the Smith’s Ferry Transportation Company, and the West Virginia Transportation Company, all of which handle 
oils that do not enter the general trade, and also exclusive of the oil in well tanks throughout the Pennsylvania 
region. The condition in which much of this vast quantity of oil actually is can only be determined when it is 
drawn out of the tanks, in which some of it has been stored for years, although the larger portion of it is not allowed 
to remain more than two or three years without being changed. Oil soon loses the more volatile portion by 
evaporation, and increases in density, becoming more difficult to refine, but in other respects remains unchanged in 
quality. ‘“ Formerly, when stills were run slowly, and the product desired was the greatest possible percentage of 
illuminating oil, age was an advantage, and for many years oil of 45° gravity and under was worth one-half cent 
a gallon more than lighter oil; indeed, by a rule of the New York produce exchange, no oil of over 47° was 
merchantable except at a cut. For several years the greatly increased value of the other products of distillation 
has completely changed this rule.” The oils in the tanks are therefore kept as new as possible. 

William T. Scheide, in a private communication, says: 

Oil is steamed in winter to free it from snow and ice and in cases to make it more limpid, as oil from very ‘‘ gassy ” territory thickens 
rapidly in the cold and will not run through any long line without warming. Orders are that the oil shall not be heated above 80° or 
90° F., and not run warmer than 65° to 70°; but these figures are, no doubt, frequently exceeded. There is a great loss in this steaming, 
both to the producer because of the evaporation and to the pipe-line because of the condensed steam held in the oil. Many merely blow 
steam in and do not usually heat with a coil, as they should. The United Lines deduct from the amount shown by the gauge one-tenth of 
1 per cent. for each degree F. that the temperature of the oil run stands above the temperature of the oil in three iron tanks at either 
Tarport or Oil City (according as the run is made in the upper or lower country), which are held untouched for this purpose. 

B. F, Warren, of the Tide-Water Pipe Company, has made a very careful study of the effects of steaming oil, 
and has reached some conclusions, which are embraced in the following communication : 

Inclosed find a tabulated statement of some results which I obtained in experiments in the field with steamed oil. You will notice 
some wide variations and apparent discordance in the results. These are mainly due to the imperfections of the tanks. You will 
understand that the tanks are of wood, and the action of steam is apt to make them leak, so much so that we almost invariably are 
obliged to ‘‘ drive hoops” on tanks at the end of the steaming season. Some careful laboratory work gave me a rate of increase for each 


degree of heat from 40° to 80° F. at 0.000465; below 40° the rate of increase or decrease was noticeably less, although not measurably so, 
with the facilities which I was possessed; above 80° the rate seems to increase rapidly. 
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COMPARATIVE RESULTS OF STEAMING OIL, FROM TESTS MADE IN THE BRADFORD OIL-FIELD. 
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Deg. F.| Ft. In. | Barrels. || Deg. F. Ft. In. | Barrels. | Deg. F. Deg. F. 
292 | jatitee oumocisneestaleste weleyere Bradford........ 30.7 6 11g 235. 52 77.0 7 45 248. 91 46.3 13. 39 9. 62 1. 64 0. 0002u 
811 | W. Chambers..-...----- West Branch...| 37.8 6 11g 229. 59 103. 8 Team 234, 41 66. 0 4. 82 9. 41 | 4. 82 0. 00036 
30 Robbing =3. s-- 6. Dallas ceases ate 26.0 Coll 223. 58 86. 0 7 4 235. 91 60. 0 12. 33 1. 25 | 10. 08 0. 00072 
48 | Ford & Weaver........ Sam O: een ccteates 31.0 5 6 181. 58 80. 0 5 94 190. 66 49. 0 O08 il stars e155 5 «i'll siete w.s = emia eee 
380 | Knapps Creek Comp’y.| Rixford......... 28.0 if 236. 92 85. 0 V6 246. 90 57.0 9. 98 9. 26 0.72 0. 00006 
450 =| Larmouth-c..20--.ss Dallas's=sece- 252 26. 0 eel 229. 72 100. 0 tRY en's 245. 70 74.0 15. 98 2. 50 12, 52 0. 00074 
O77 Ds A Wray.eee. nee Coleville.-....-. 40.0 14 64 761. 36 63.0 14 103 778.13 23.0 16. 77 19.51. j\oj00sie eo ete Sages 
703 | Evans & Houtz..-....-. Se eG on stcta terete 83. 0 4 105 169. 91 94. 0 5 1 176. 89 61.0 6.98, | cc cinc teen swim abla aera 
740 | Evans & Thompson....| Bordell ......... 34.0 10 i 549. 59 || 84.0 11 04 571. 38 50. 0 21.79 5. 94 15. 85 0. 00058 
S30 wileee see CO cossseeweaseciss wessQO wessesecces 30. 0 10 8t 537, 34 90. 0 | 11 4 565. 10 60. 0 27. 76 11. 95 18. 71 0. 00055 
969 | Union Oil Company....|.--.do ........... 32. 0 6 7% 214. 80 82. 0 6 is 224. 11 50. 0 9, 31 5. 58 3. 73 0. 00035 
S10 Mien ce C0 Besscpueees ces els BO Uwe ae eat sie 40.0 6 94 216. 03 85. 0 i 04 223, 22 45.0 7,19 | tec se ts ose seine 0. 00074 
1020 Bien te COs sto casacscecces| seins CO wanna’ bees 32.0 yy Ebd 199. 76 85. 0 6 3 210. 22 53. 0 10. 46 4. 57 5. 99 0. 00056 
LOT yareiaine CO... 2itavestexeecucel seer OO cnc<cass—5 40.0 6 82 209. 97 90. 0 7 03 218. 29 50. 0 8. 32 2. 38, | 5. 94 0. 00060 
ODS eee ee O's Tolicceo essen loess MO wetes esa es 40. 0 6 93 243. 62 85. 0 Wy 0 250. 32 45.0 6.°70 Von's santas alee waeeotem 0. 00061 
JOGO cea 2. 0 fai weastadveres|oees GO iets senses 2 28.0 7 44 263. 12 85. 0 7 9 277. 71 57.0 14. 59 2. 87 11. 72 0, 00078 
1064, i225 - GO '\s258 ot eeoeaesse eae dOve s< wend set 30. 0 q 04 252. 66 100. 0 vd 7 271. 96 70.0 19. 30 0.75 18. 55 0. 00106 
LOGS Mile ewice i gee ee Beri Pes ee seen bes 34.0 7 1} 255. 77 88. 0 7 33 262. 50 54. 0 6.73 4.48 2. 25 0. 00020 
DOTA ceescs 0 ostee eee et seeune BLO fort cate vals 34.0 7 34 259. 88 80.0 if 63 269. 44 46. 0 9. 56 0. 68 8. 88 0. 00074 
iyGie Es see CO, Sete nseeceenee Peer OO Wensnicas ses 40.0 6 3 222. 75 85. 0 6 6 231. 66 45.0 8.91 1.49 7.42 0. 00074 
LOG) peoeen dO Vier eceseceses EEE OO asieas to's 42.0 6 3 223. 23 90.0 6 62 234, 37 48.0 11.14 3. 71 7.43 0. 00064 
L076 9) een CO. cossceuee se eee Bee Rn ceeuecs'> 40.0 7 3h 260. 36 92. 0 7 74 271. 27 52. 0 10. 91 0.70 10. 21 0. 00075 
| AV OPAL 5 cise be Geshe as cele cn emis < sapien swctipeas eee socseningsfecnsa nics sais] |ninie cu oemidlewm mamas cole temas oie wets s ates ae oats arene iene ee 0. 00058 
% - 
E COOLING. 
cane a 
SH oupee a & Gauge 
5 Owner. District. Bs & 3 |Decrease|4 Rate : rhen bos. Remarks. 
= =a] Gauge. ae jot volume °° aie OF 
| I £ = £ jinbarrels. a 
5 & a gree. 
Deg. F.| Ft. In. | Barrels. | Deg. F. Deg. F. Ft. In 
202.) blidsan ckisleaoa ee sees Bradford_....-.. 43.0 vf 2 241. 88 34.0 7. 03 0. 00085 7 2 
811 | W. Chambers.......--- West Branch ...| 90.7} 6 1138} 230.08} 13.0 4. 33 0. 00150 shar } } bie small increase Sf ee eae os 
30 Robbins....-..-- Paling 0.5 Jahn 68.0} 6 11% 224.83 | 18.0 11. 08 0. 00273 6 lade te tank: 
48 | Ford & Weaver........ SatesGlO) s8icic.cine n= 66. 0 5 8% 188. 07 14.0 2. 59 0. 00096 5 8 | Water not drawn. 
380 | Knapps Creek Comp’y.| Rixford...-..-.-.. 70. 0 7 1 234, 41 12.5 2.51 0, 00085 6 94 | Contained an excessive amount of water. 
459 |) Larmouthin-.seeeaeee ee Dallas. 3..:-:.-.. 68. 0 ti wo 239, 72 32.0 5. 98 0. 00078 7 4 
677 | Dv A.W rayteesee steers ; Coleville........ 60.0 | 14 103 776. 28 3.0 1. 85 0. 00081 14 5 
703 | Evans & Houtz.....-.-. pea tes Ss ee 70. 0 b.0 174. 10 24.0 2. 79 0. 00066 5 0 | Water not drawn. 
740 | Evans & Thompson....| Bordell ....----- 70.0} 10 11 565. 45 14.0 5. 93 0. 00075 10 «© 9% 
B38 Wile ee es dO: 25:52 clecnemc reels COO items res ciao 71.0! 11 2 557. 84 19.0 7. 26 0.00070 |} 10 il 
969 | Union Oil Company. .-- POO weacrceen sis 62. 0 6 104 221. 63 20. 0 2. 48 0.00056 | 6 84 
O70 ei eeaace GON SS1 2, PRS ee EUG Peet snes oe 65. 0 6 1h 221. 43 20.0 1.79 0. 00042 6 114 | Water not drawn. 
1025 Sileas cee GO sictiesies SRE eeal EERO eee ape sica 67.0 6 2 207. 61 18.0 2. 61 0. 00070 6 04 
O27 A Semele 0 frssemasece setae SaROO. cas casera se 68. 0 Gi eal 215. 32 22. 0 2. 97 0.00060 || 6 10 
1059. Fez see OO nvvocecdosneasaisl same CO ceecassennc 60. 0 6 1143 248. 09 25.0 2. 23 0. 00040 6 114} Water not drawn. 
TOGO ieee oe dO 2eossmesvecte sealer Cie a Aoresece 58.0 Ts 272. 69 27.0 5.02 | 0. 00067 7 64 
L064 loses Di eeeaeme eee er etete 10 aeees cn 72.0 Cie: 267. 61 28.0 4. 35 0. 00060 7 54 | Water not drawn. 
LOGS Slee steer CO cerae arama ss ae se le PaO en eee 54. 0 ein Ot, 251.28 | 34.0 11. 22 0. 00130 6 104 | Tank probably leaked some. 
L074 ieeee a GO e steceose nse sel 4 Sap O aioe tee cee 60. 0 7 5} 266. 50 20.0 2. 94 0. 00060 i 53 | Water not drawn. 
LOTS Meese e Get Bacoaaaales vals Re peacoat aoe: 64. 0 6 43 227. 21 21.0 4.45 0. 00090 6 4 
L010 bese aee CO's sce seecee cele Ja:Q10  srneateaare ta 66. 0 6 5f 230. 60 24. 0 3. 71 0. 00066 6 43 
LOZ G0 Meee CO aise casenegacesle P20 \wcsecneeuee 78.0 ff 64 268. 48 14. 0 2. 79 0. 00060 7 6 
AVECTAZO 2-220 22s | cece ew ene e ee cence fee ene e [ene eee cee e ee twee e nena n len eee ecelecee ne enee 0.00085) js 0s... - + 




















was increased from 43 to 40°, in the other decreased from 40 to 42.5° Baumé. 











NotEe.—The quality of the oil does not appear to be affected by steaming. Except in two cases the gravity was not sensibly changed; in one case the gravity 


The variation between the apparent increase and decrease is due to the fact that all oil 


at temperatures below 40° F. contains varying proportions of water when it comes from the wells, and will not settle until the temperature is raised. There is also 
a portion of the oil destroyed by the action of steam, forming so-called B. S. ' 


The problems in hydraulics presented in the construction and management of pipe-lines, particularly those 
lines that may be denominated trunk lines out of the oil regions, are many and intricate, and required great courage 
on the part of those who projected the first line to meet and surmount them. 
problems and experience met in laying pipes for water to guide them. These problems dealt with a homogeneous 


These men had only the quite different 


re 
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fluid, flowing through pipes, laid permanently on curves of large diameter, flowing slowly under a low pressure 
and delivered slowly. This water pressure seldom exceeded from 40 to 50 pounds per square inch. The pipe-line 
problems dealt with a fluid varying in density with the temperature, flowing easily in summer and with difficulty 
in winter through pipes of small diameter, laid hurriedly and frequently changed, often on sharp curves or at 
right angles, for rapid movement and delivery, and at high pressures to compensate in part for the friction due 
to long distances and rapid transmission and small diameter of pipe, as well as at much greater elevations than are 
found in water-mains. The pipes used in pipe-lines are all tested to 2,000 pounds per square inch. The small sizes, 
2-inch, 3-inch, and 4-inch, are worked under a pressure of 1,600 pounds, and the 5-inch and 6-inch at 1,000 pounds 
per square inch. 

Elaborate governmental and other experiments have been made in Europe with reference to the storage and 
transportation of petroleum and its products. These have been mainly directed toward storing the oil under 
water, either in barrels or submerged cisterns, or toward a method of solidifying the petroleum or its products. 
The most successful plan for storing oil in submerged cisterns appears to be that of Ckiandi, an engineer of Marseilles, 
and consists of a cistern of masonry, provided with an inverted bell resembling a gasometer, beneath which the 
oil is held over water. (a) At Saint Ouen, near Paris, floating reservoirs of iron of an approximate capacity of 100 
barrels have been used for along time. Fourteen of these reservoirs were constructed in 1877, with a total capacity 
of 900,000 gallons. They were made of -%;- to 4-inch iron, and weighed in the aggregate 151 tons. (b) 

The so-called process for solidifying petroleum has been very widely noticed. It consists in producing with the 
petroleum a little water and saponaria root, an emulsion which is considered harmless for transportation. To 
recover the oil a little pure carbolic acid or strong acetic acid is added, and the constituents again separate. As 
saponaria is a product of the Levant and a drug of considerable value, this and other similar methods are rendered 
too expensive if their inconvenience was not an insurmountable obstacle to their employment. Such experiments 
furnish curious but impracticable results. 

Concerning the proposed transportation of oil in bulk, the following from the Oil and Drug News presents the 
latest aspect of the question: 

The report from Philadelphia that the steamer Vaderland, of the Red Star line, had been purchased by a number of capitalists 
for the purpose of transporting petroleum in bulk has attracted considerable attention at the various commercial exchanges. The 
transportation of oil in bulk is not entirely an experiment. A number of sailing vessels have already been fitted up for this purpose, and 
have, to a certain extent, demonstrated the practicability of the idea. ‘This is the first time, however, that a steamer has been constructed 
solely with the view of transporting safely large quantities of petroleum in bulk. The advantages of the system are, first, that it enables 
a steamer to carry a much greater amount of petroleum than it could if stored in barrels; and, second, it saves the expense of the barrels, 


each one of which costs exactly as much as the refined oil it contains. Not only this, but it also saves the expense of returning the 
barrels from Europe for use again. 

Inquiry among petroleum men and shipping merchants in this city elicited the general opinion that the idea is not considered 
practicable. Said one well-known oil inspector: ‘‘It is my opinion that the system will not work. It has been tried three times on 
sailing vessels during the past eight years, and each time the vessel was lost. The captain of one of them, who was saved from the 
wreck of his vessel, said to me that the difficulty was that the oil seemed to move quicker than water, and in rough weather, when the 
vessel was pitched forward, the oil would rush down and force the vessel into the waves much the same as improperly stored bulk grain 
does sometimes in stormy weather. It may be that by stowing the oil in small compartments it could be transported with safety, but I 
doubt it. Besides, what is the advantage of the system any way? The vessel must return in ballast, and it might as well bring back 
barrels, which under the present system are used over and over again, but under the proposed method would not be needed in the export 
trade.” 

Messrs. Slocovich & Co., the well-known shipping merchants, state that about eight years ago one of their vessels was fitted up with 
tanks for transporting oil in bulk. She proceeded on her journey and was never heard from. Her loss was undoubtedly due to her mode 
of carrying petroleum. Another shipping merchant stated that he believed the idea to be impracticable. It might be possible to make 
the tanks strong enough to prevent the escape of the vapor of the oil, but all previous experiments had proven failures, and there was 
no reason to suppose that this would succeed. An experiment to transport molasses in bulk has been tried within two or three years, 
and two vessels were fitted up for the purpose to run between Cuba and Boston. The experiment, however, proved a failure, and the 
project had been abandoned. The Vaderland is an iron screw steamship, built at Yarrow-on-Tyne, in England, in 1872, and was 
extensively repaired last year. Her capacity for cargo is 2,001 tons. She is owned in Antwerp. 

The “ oil in bulk” movement does not meet with favor among practicalexporters. They say that it cannot be carried out successfully. 
It would seem, however, that oil might be transported in vessels in that way as well as grain, and the day will no doubt come when a 
means to that end will be devised. 


SECTION 5.—STATISTICS OF THE TRANSPORTATION OF OIL DURING THE CENSUS YEAR. 


Statistics have been received from the following-named pipe-lines that were engaged in business during the 
whole of the census year : 


United Pipe Lines. 
Tide-Water Pipe Company, limited. 
West Virginia Transportation Company. 
Franklin Pipe Line. 

Smith’s Ferry Transportation Company. 
Octave Oil Company Pipe Line. 








a Engineering, xv, 279. b London Inst. Civ. Engineers, 1,200. Nouv, Ann. de la Construction (3), ii, 83. 
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Fox Farm Pipe Line. 

Sheffer and Charley Runs Pipe Line. 

Tidioute and Titusville Pipe Line. 

TOS Ove 

There were also four other pipe-line companies doing business at the beginning of the census year that went — 
out of business during that year, of which such statistics are incorporated with those of the other lines as can be 
obtained from their printed statements. These lines are: 

Pennsylvania Transportation Company. 

Chureh Run Pipe Line. 

Cherry Tree Run Pipe Line. 

Emlenton Pipe Line. 

Beside these lines, there were a number of small private lines, particularly in the lower country, of which no 
reports are published, and from which it was impossible to obtain statistics, except at an unwarranted expenditure 
of time and labor, if, indeed, they could be obtained at all. These statistics, if obtained, would not materially 
change the significance of the figures here presented. 

The total amount of capital invested in the ten pipe-lines above mentioned was $6,347,930, and the total 
amount paid in wages during the year was $769,641. The greatest number of hands employed by them during the 
census year was 1,381; the average number 1,107, of whom 1,098 were males above sixteen years, 6 were females 
above fifteen years, and 3 were children. 

The hours of labor constituting a day were in general ten, but some of the operations of pipe-lines require 
constant oversight, and therefore in some instances the labor is performed by men who work in “tours” of twelve 
hours each, extending from twelve o’clock at midday to twelve o’clock at night, and from twelve o’clock at night to 
twelve o’clock at midday. 

The ten lines in operation at the end of the year were in operation throughout the year. 

The average wages of skilled workmen varied from $1.75 to $3.33 per day and from $70 to $75 per month; 
that of ordinary laborers from $1.25 to $2.50 per day. 

A marked difference in the rate of wages is found to exist in different sections of the oil-producing country. 
This difference is no doubt determined to some extent by the magnitude of the operations of the lines and the 
responsibility attaching to the labor performed. 

The total amount expended for fuel by these ten lines (not including the value of a vast quantity of natural gas, 
of which no account was taken) was $127,058. The total amount received for transporting (piping) oil was $1,381,328. 
The total number of boilers used was 216, having an estimated horse-power of 4,301; of pumps on main lines, with 
a diameter of cylinder varying from 3 to 344 inches, and a length of stroke varying from 4 to 36 inches, 383; of 
pumps used in collecting oil (for the most part small portable pumps), 511; of iron tanks, 646, with a total capacity 
of 12,958,385 barrels; and of wooden tanks, 383, with a total capacity of 239,587 barrels. 

“The total miles of pipe controlled by pipe-lines was: 






































Miles 

12-inch pipe, several hundred feet. 
Cinch ¥piperss- 6s ee Se ok Sal oes te bicrecic lates coeie oe Se pier ates ae teers tete eae matter Sen eiaaisle epee 121. 66 
H-IMONEPIpSisace some cos ss cele es aos ve vw ep ssienmins @ cals aleitnalnteettesi= 6.x ame ieteior et ate akera tear eee ee ee 7.75 
A-INGh! PIPC acai -sercjse cane bc en ou soutgis vio semielela cieie nism time or ome tee aie I a nea 123. 73 
J-ANCH PUPS ere Wcics nue are 6 alae a wien ewe inlaws es ain claisteae ees nine rem bie m aleie ee mee ies one ane ae 289. 65 
Q-INCh*plpOle stecciecece! cee s ss kctoms, cam peice ace ole akinesia ae alan eee eects oo Cee ores sie ee nee ene 16. 00 
Pinel’ PlpG see ss jose ese sein. Sekiccee deb ueelne be dete aw eeWiepiee ss.cUpnels so ke emee eam atamn cot ones a kneareene 1, 716. 23 
14-Inch pipe se ee sant Sy ER eS es eawc ces Pelt co tees oe Mean 6 5 Ere cnt ne See ae eae 2.78 
L-inch pipes. 22665 SelB oe. Goes ae NIE Piece pe Oe cheats ae mite bles du ni cie eae ek ete eee ere ne 9. 05 

Total Dates Of TDG te oe peck Pcie a glape «amen ee eee ci dite’ 5 sw) netndsle eh Ses ates eee et a 2, 286. 85 

Barrels. 

The stock of oil on hand in tanks and pipes June 1,.1879, was .--....-5--- ---e2ee- eure ueneccjocee sivas els 6, 753, 909. 02 
Inthe other four lines 2s. cse-c sere cee teas cety cee cece se eee ee cee ae eee ae nee te el 28, 795. 33 

Total .o.ov0cinag hevninen ce gcemdviemh< koma ssp aieeeeieae eee Ua mmc sai aes outs be peng ee eee ne ene 6, 782, 704, 35 
The amount run into these lines during the census year was.-......--. --.-----2. 2-22 -2e--- eee nese De, 516, 676. 27 
Into the. other four lines< 27) pease eee ee tee ee eee ee eee Cen ane ae Soa age S gk Oe 2 NPS we oe 370, 110. 96 

Total : cn se lewew cel onde eee ce ewe eer nee Sed a eee oe ee 22, 886, 787. 23 
The stock on hand in tanks and pipes May 31, 1880, was...--. .--202 2-222. --0ceecene cpeeee cons eecece it; 239, 555. 73 
In the other four: lines: 2225 Sco Se ee ee ee Se eee ete eee eee ee Sool: 18, 022. 31 





11, 257, 578. 04 

















The amount transported through the pipes during the year was.......---.. .---0- -- +222 ee eee eee wees 18, 411, 913.54 














There were 36 racks belonging to these lines, at which 561 tank-cars could be loaded at one time, and 287 tanks 
on cars, having an aggregate capacity of 30,230 barrels. 
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CHapTEr [X.—PETROLEUM IN COMMERCE. 


SECTION 1.—COMMERCIAL VARIETIES. 


Few persons are aware that there is more than one variety of petroleum, and those who know that some 
petroleums are relatively heavy and are used for lubrication suppose the light oils to be of one definite quality. 
The petroleum of Oil creek in early days was known to be inferior for many purposes to the amber oil of the lower 
Allegheny. During the first ten years of its development the oil produced in Pennsylvania was practically 
one thing, and the light oils of West Virginia and southern Ohio were not particularly different. The wonderful 
expansion of the lower Allegheny field, which commenced in 1872, was accompanied by a corresponding decline in 
the Oil Creek district in such a manner that the bulk of the production was shifted from the green oil of Oil creek 
to the amber oil of Armstrong and Butler counties. It was soon discovered that this amber oil was of superior 
quality for refining purposes, so superior, in fact, that refiners would secure it if possible. When, in 1876, the 
production of the Bradford district assumed importance, it was discovered that it was the least valuable variety 
of petroleum for refining yet discovered in large quantities. The price of oil from these different sections has, 
however, been uniformly the same, irrespective of quality, and has been the ruling price in commerce. 

At the same time the heavy oil of Mecca has been sold at from ten to twenty times the price obtained for the 
light oils of other districts. Those of Belden, Ohio, and West Virginia have been graded according to their density 
and the effects of cold upon them. The Smith’s Ferry oils have been sold for about three times the value of the 
light oils, and the Franklin oil at five to six times the value of the same. 

The West Virginia Transportation Company divides the oil which it handles, which embraces the larger portion 
of the production of West Virginia and a part of that of Washington county, Ohio, into seven grades, as follows: 

A, 37.1° Baumé and lighter. 

B, 33° to 37° Baumé, inclusive. , 

C, 31.6° to 32.99 Baumé, inclusive. 

D, 30.6° to 31.5° Baumé, inclusive. 

E, 29.6° to 30.5° Baumé, inclusive. 

F, 28.6° to 29.5° Baumé, inclusive. 

G, 28.5° and heavier. . 

Grades from C to G, inclusive, are also separated into “ cold-test” and ‘ weak” oils, zero being the standard. 

In order to establish these grades an inspector is appointed, who stands between the producers and the 
transportation company or the purchasers. These oils are for the most part quite dense, and their value varies 
greatly with the density ; the more dense they are the greater the amount of water which they will hold mechanically 
and the more difficult it is to separate it. The inspector has an office near the central portion of Volcano, and 
has there instruments for accurately estimating the specific gravity, the water or other sediment, and the 
temperature at which it will thicken above zero, Fahrenheit, in accordance with the following directions : 

In receiving and making delivery of oils shipped by the company, the water and sediment contained therein shall be determined by 
mixing an average sample with an equal quantity of benzine, and subject the mixture to 120° F., in a graduated glass vessel, for 
not less than 6 hours; after which the mixture cools and settles, not less than two hours for light grade, three hours for A grade, four 
hours for B grade, six hours for C grade, eight hours for D grade, and eighteen hours for heavier grades. 

The inspector certifies to the amount of water in the oil upon the back of the receipt issued by the company. 
This company has also incurred the expense of a very elaborate research upon the coefficient of dilation of oils of 
different density for each degree of temperature from 0° to 130° F., with the unit at 60°. The compilation was 
made by Mr. Julius Schubert, of Parkersburg, West Virginia. 

The tables, through the kind permission of M. C. C. Church, esq., secretary of the company, are given on 
pages 111-115. In relation to them Mr. Schubert writes: 


In regard to the expansion table you mentioned in your letter, please let me state that the experiments were made according to a 
method given by Gay-Lussac, and the formula used for the calculations was also given by the same author. 





Where— 
P = weight of the fluid before heating it. 
= weight of the fluid after heating and after the apparent expansion has been removed. 
1 = change of temperature. 
k = coefficient of expansion of the glass=0.000026. 
a = coefficient of expansion of the fluid. 
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The glass used was a liter-bottle with a narrow neck. Instead of finding p, the apparent expansion P—p was directly ascertained by 
weighing the amount of oil taken out of the bottle. A small pipette was used for removing the oil, and in order to avoid cleaning the 
pipette so often the following expansion was added to the first one: (P—p) +(P—p1) + (P—ps) + (P—ps), ete. 

For every 10° of temperature the expansion of the oil was weighed. The heating was done in a large water-bath very slowly, and 
the temperature of the water held for some time at the point of the test, so as to be sure that the fluid inside the bottle had reached the 
same temperature as the water surrounding it. 

In the calculation of the table, as sufficient for all practical purposes, I took the coefficient of expansion to be equal or the same 
during 10° of temperature. As, for instance, in 30° Baumé oil the table shows : 


0° temperature, 0, 980330 volume, when it should be 0. 980330 volume. 
293 287 

1° temperature, 0.980623 volume, when it should be 0. 980617 volume. 
293 289 


2° temperature, 0.980916 volume, when it should be 0. 980906 volume. 
293 290 


3° temperature, 0.981209 yolume, when it should be 0.981196 volume. 
293 291 

4° temperature, 0.981502 volume, when it should be 0. 981487 volume. 
293 292 


5° temperature, 0.981795 volume, when it should be 0.981779 volume. 
293 294 

6° temperature, 0.982088 volume, when it should be 0. 982073 volume. 
293 295 





7° temperature, 0. 982381 volume, when it should be 0. 982368 volume. 
293 296 

8° temperature, 0. 982674 volume, when it should be 0. 982654 volume. 
293 297 





9° temperature, 0.982967 volume, when it should be 0. 982961 volume. 
293 299 


10° temperature, 0.983260 volume, when it should be 0. 983260 volume. 
306 300 


11° temperature, 0.983566 volume, when it should be 0. 983560 volume. 
306 301 


12° temperature, 0.983872 volume, when it should be 0.983861 volume, 

I deemed it necessary to call your attention to this fact. 

From these experiments it appears that the expansions of the oils increase very perceptibly with the rise of the temperature and 
also with the decrease of specific gravity ; that is, lighter oils expand more readily than heavier oils. The cold-test oils do not seem to 
differ in this respect from oils which do not stand the cold. . 

These tables have been found sufficiently accurate for all practical purposes, and are very valuable in handling 
the great variety of oils produced in that region. 

On pages 116 to 133, inclusive, will be found another set of tables, compiled by Dr. S. A. Lattimore, of the 
University of Rochester, New York, for the use of the Vacuum Oil Company of Rochester, and kindly furnished 
by those gentlemen for publication. These tables show first the quantity of oil in gallons corresponding to a given 
weight of oil of different degrees of Baumé’s hydrometer, all computed for 60° of temperature. By the use of the 
first set of tables the volume of a gallon of oil at any temperature between zero and 130° F. can be ascertained if 
the specific gravity is known at 60° F., while by the use of the second set the number of gallons in a barrel or car 
of petroleum can be ascertained by weighing if the specific gravity is known at 60° F. 

The temperature at which natural petroleums will congeal or become partially solid is an important item in 
their value for purposes of lubrication, the oils of the Mecca and Franklin districts being particularly valuable in 
this respect. Great diversity of quality in this particular is observed in the oils of West Virginia, wells in immediate 
proximity furnishing oils as unlike as possible. The cause of this difference has never been properly investigated, 
and is only a matter of conjecture; at the same time it is one of the most important questions connected with the 
heavy-oil trade. Many of the wells of eastern Kentucky yield heavy oils of remarkable and uniformly excellent 
quality in this respect. 
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SECTION 2.—THE MANAGEMENT OF PIPE-LINES. 


The bulk of the petroleum trade at the present time is conducted through the pipe-lines and their certificates. 
The entire product of the Belden and the Mecca districts is handled in barrels in small lots. A considerable portion 
of the Franklin heavy oil and a small part of that of West Virginia is also handledin thesame manner. <A smaller 
proportion of the medium and light oils of West Virginia and southern Ohio, as also of the Smith’s Ferry district, is 
sold by the producers direct to the refiners in barrels, and an insignificant proportion of the product of the Oil creek 
and upper and lower Allegheny districts finds a market in the sameway. Such oil is usually rolled upon a frame 
over a tank, and is emptied from the barrels into the tank. Hence it is called dump oil. Many thousands of 
barrels of this oil are gathered in the older and nearly exhausted portions of the oil-fields by middlemen, who 
divide with the producers the cost of piping, paying them about 10 cents per barrel more than the market price. 
These middlemen dispose of the oil in car-load lots, and usually have a rack for loading one or more cars. A still 
larger though insignificant portion of the light-oil product is brought out to the railroad by private pipe-lines and 
is loaded into cars at private racks in small lots of a few car-loads each. This line of business is usually carried 
on along Oil creek and the Allegheny river between Titusville, Tidioute, and Brady’s bend. 

The method of handling petroleum by the pipe-lines is substantially the same for all located within the region 
producing light oils, with perhaps this exception: that while the smaller companies are incorporated and are legally 
‘““common carriers”, their business is conducted more like that of private individuals, while that of the United Pipe 
Lines and the Tide- Water Pipe Company is of a more general public nature and interest. The following description 
of the method of business adopted by the United Pipe Lines will therefore apply to all of the incorporated pipe-line 
companies : When oil is received from a well into the lines of the company, the amount is ascertained by a joint 
measurement made by the representative of the owner of the well and the pipe-line, and is passed to the credit of 
the former on the books of the company, less 3 per cent., to cover losses to points of delivery. Such oil is held in 
the custody of the line, subject to the order of the owner, precisely like a deposit in bank, and is transferable on 
a written order. Upon the signature by the owner of a proper order for the whole or any part of his credit balance, 
whether such balance is obtained by transfer or production, such order will be marked “accepted” by an authorized 
agent of the company, and thereafter is known in the trade as an “acceptance” or “certificate”, and, like a certified 
check, is negotiable. As the oil éxchanges only deal in certificates of the value.of 1,000 barrels, they are, so far as 
is possible, made of that amount; but those for less amounts are sold to the refiners for immediate use, and do not 
passinto the speculative trade. All persons holding credit balances are entitled, upon payment of proper charges, 
to have their oil loaded into cars or barges or delivered into tanks, to be disconnected from the lines. All oil, 
when received from the wells, at once loses its identity and becomes part of the common stock of the line; no 
holder of a credit balance can therefore claim the identical oil that entered the line from his tank or well. 

Producers’ credit balances are held free of storage for thirty days, after which time, unless the owner have 
tankage upon the line, they are chargeable at the rate of 14 cents per barrel per month, equal to $12 50 per 1,000 
barrels, until removed or transferred. All credit balances obtained by transfer, unless protected by tankage, are 
subject to the same storage charge until removed. As all the tankage is now practically owned by the lines, this 
charge is now substantially uniform on all certificates, equal to $150 on 1,000 barrels for one year. 

Parties owning iron tanks can have them connected with the line by signing contracts which entitle them to 
carry oil either in credit balances or certificates, free of storage, to the capacity of their tank, subject to a shrinkage 
charge of one-fourth per cent. per month, payable in oil. The capacity of such tank is subject to the owner, and 
can only be temporarily used by the company. Upon demand by the owner of a credit balance for the delivery of 
his oil, a pipeage charge of 20 cents per barrel must be paid. The term “shipper” is applied in the trade to 
parties removing oil from the custody of the line. The Tide-Water Pipe Company insures the oil of its patrons; 
but the United lines mutually insure, as has been before mentioned, and assess the loss upon the holders of 
certificates. 

Since the Tide-Water Pipe Company successfully laid their line from Rixford to Williamsport (now being carried 
through to Chester, Pennsylvania) another trunk line has been laid to Jersey City. These lines have not made 
public their charges for conveying oil out of the oil region. The united lines gather oil into tanks and at convenient 
points of shipment, but do not convey it out of the oil region. The income of these corporations is made up of 
pipeage fees and storage fees, the former being paid when the oil is removed from the line, and the latter at least once 
in six months. The term ‘old oil”, used in the exchanges, refers to certificates of pipe-lines on which storage charges 
have not been paid up to date. Thus, if A holds a certificate of the United Pipe Lines on which storage charges 
had been paid up to any given previous date, and B bought from him on exchange 1,000 barrels of United oil, 
storage paid, and A should offer him.said certificate, B would say, ‘That is ‘old oil’, A; you will have to freshen 
it.” So A would go to the pipe-line office and pay the storage on the certificate up to the date of the transaction, 
and it would be termed “fresh oil”. The line attaches a slip to the certificate showing the date to which storage 
has been paid. 
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SECTION 3.—BROKERAGE. 


The issuing of certificates by the pipe companies has made speculation in oil, brokerage, and oil exchanges 
possible to an extent vastly beyond an actual trade in the oil itself. The broker buys or sells for others and charges 
about $2 50 per thousand barrels for his services. On a market without much fluctuation he also agrees to deliver 
to customers at a stipulated price a certain amount of oil either on demand or at a fixed time, and receives 
therefor an amount somewhat less than the storage fees; but he does not purchase until the demand for it is made. 
If oil falls mean time, he profits; if it rises, he loses; and if the price remains unchanged, he profits to the extent 
of the money paid him in lieu of storage money that would be paid the pipe company if he purchased the oil. The 
speculator in oil, therefore, who buys ‘“ futures” signs a contract with his broker and pays him his brokerage fees 
as a buyer and some sum less than $150 per year per thousand barrels of oil. The speculator, who buys certificates 
if he does not own tankage, pays his broker’s fees as a buyer, and also $150 per year per thousand barrels, together 
with whatever sum may be required to purchase oil to pay the assessments for losses by fire or other accident, and 
interest on the amount invested. If he owns tankage, in lieu of the $150 per thousand barrels for storage he pays 
$30 for evaporation and the interest on $260 (the cost of a thousand barrels of tankage), which should be estimated 
at not less than 20 per cent., together with the other expenses above mentioned. 

The fluctuations in the price of petroleum during the census year rendered a speculative investment in the 
article an object of exciting interest. June 1, 1879, was Sunday. The market opened on the 2d at 743 cents per 
barrel. It continued to fall, with little disposition to rally, until on the 17th it closed at 643; and after fluctuating 
between 65 and 68 for four days, it reached 75, and dropped to 692 on the 25th. It hovered about 70 until the 9th of 
August, when it began to fall, reaching 643 on the 27th. A slight rally held it at about 66 until the 7th of 
September, when an upward movement began, reaching 964 on October 9. It remained near 91 until the 10th of 
November, when it again moved upward, reaching $1 274 on the 21st, closing that day at $1 224. On the following 
day it ranged between $1 225 and $1 103, closing at $1 184, from which it rallied, reaching on the 2d of December 
$1 281. Between the 10th and 18th it ranged between $1 274 and $1 10, and fluctuated greatly between $1 18 
and $1 09 from this time to January 15, 1880, when it went down in three days to $1 05, and steadily declined, 
with scarce a rally, till, on March 9, it touched 853. It hovered between 85 and 90 till April 6, when it again 
commenced to decline, reaching 714 on the 21st. On the 5th of May it closed at 724, and by the 26th had again 
reached the latitude of 933, closing on the 3lst at 983. It will thus be seen that the certificates of oil in tank were 
worth that year from 643 cents to $1 284 per barrel, and this variation of almost 100 per cent. occurred between 
August 27 and December 2, an interval of only sixty-eight days. If a man wants a quantity of oil for refining the 
transaction becomes one of the simplest possible. He buys certificates to the amount required, and calls upon the 
pipe company to deliver the oil whenever he chooses to provide tanks, cars, or barges to receive it, and after the 
pipeage of 20 cents per barrel is paid the company delivers the oil. 

The price of Franklin first-sand oil averaged during the census year $3 82 per barrel of 42 gallons; that 
of second-sand crude for the same time varied very slightly from that of third-sand oil. The price of Mecea oil 
ranged from $7 to $9 per barrel; Smith’s Ferry amber oil averaged $1 50 per barrel. The price of West Virginia 
oils varied from $1 per barrel for light to $9 per barrel for the heaviest oils produced. 

The business of the West Virginia Transportation Company, though far smaller in bulk, is much more intricate 
in detail than that of the large companies controlling the vast interests of the Pennsylvania oil regions. As 
already mentioned, their oil is so variable in character that its quality has to be determined by an inspector. The 
following is a copy of the certificate used by this company, and the rules of the company printed upon the back of it: 


Dept. C, No. 2694. THE WEST VIRGINIA TRANSPORTATION COMPANY, 
Parkersburg, W. Va., August 8, 1881. 
Received from Excelsior well, West Va. O. & O. L. Co., tract for account of royalty, under and subject to the charges, terms, and 
conditions on the back of this receipt, as a part thereof, No. barrels (of 40 gallons each) of 3274;° crude oil, for transportation through 
pipe-line in bulk with C grade (31,55 to 32; gravity) to our tanks at Voleano, West Virginia, and for delivery by oil of like grade, or 
gravity, in lots of 500 barrels or over at Parkersburg, West Virginia, (unavoidable delays excepted), to the order of Geo. Washington, 
at the rate of 35 cents per barrel, including therein all charges for inspecting, grading, and measuring said oil, and certifying in the 
receipt therefor the amount, grade, and gravity, and liability under and by reason of said certificate. 
THE WEST VIRGINIA TRANSPORTATION CO., 
By M. C. C. CHURCH, Secretary. 





Attest: CHAS. A. BUKEY. 


(Stamped across the face :) Canceled August 1, 1881. 
(On the margin:) Not negotiable unless signed by the secretary of the company. 


Form No, 5. 


The terms and conditions upon which the within mentioned oil is held by the West Virginia Transportation Company are as 
follows: ; 

In receiving the within oil, the water and sediment contained therein, as per the following inspector’s certificate, have been first 
deducted, and the following percentages of oil have been reserved to cover losses for evaporation and waste in receiving, transporting, 
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and delivering the same; the within receipt, therefore, covers the net amount only, On light and A grades two and one-half per cent. ; 
on B and C grades two per cent. ; and on heavier oils one and one-half per cent. (See below for variation in case of local and special 
shipments. ) 
I certify that I have inspected the within oil, and that it contained 4 per cent. of water and sediment at the time of shipment. 
HENRY CASKIN, Inspector. 


The company shall not be responsible or liable for loss by fire or unavoidable accidents ; but any such loss shall be assessed, pro 
rata, upon the total amount of outstanding certificates of oil, of like grade of the within, held by the company at the time such loss 
may occur, 

The company shall have a lien upon all the within mentioned oil for all charges mentioned in this receipt. These charges shall be 
made upon the net quantity of oil received by the West Virginia Transportation Company (said quantity being mentioned in the face 
of this receipt), and the computation thereof to be made from the date of this receipt. 

The following percentages of the net amount of oil received shall be deducted to cover losses by evaporation when held in tankage, 
to wit: On light and A grades, one per cent. per month or part of a month; on B and C grades, three-fourths of one per cent. per month 
or part of a month; on heavier oils, one-half of one per cent. per month or part of a month. 

Monthly statements of the company’s oil account will be made; and any gains arising from the above reservations, on account of 
waste and evaporation, will be returned, pro rata, in certificate oil, to shippers, to July 1 of each and every year during the continuance 
of this arrangement. 

Freight and other charges are due and payable on receipt of the oil in the company’s tankage at Volcano and Cochran’s, West 
Virginia, and at Petrolia, Ohio. If said charges are not settled within fifteen days from the date of this receipt, storage will be charged at 
the rate of 2 cents per barrel per month or part of a month from said date. If the oil is not removed within three months from the date 
aforesaid, the company shall have right to remove and store the same at the expense of the consignee, and the right to sell said oil, 
or such part thereof as may be necessary, at public auction to the highest bidder, to pay the advances made and charges due to it, together 
with the costs of sale. Such sale to be made upon the premises of the company upon at least ten days’ notice by advertising in newspapers 
published at Parkersburg, West Virginia, and Marietta, Ohio. 

In receiving and making delivery of oils shipped by the company, the water and sediment contained therein shall be determined by 
mixing an average sample with an equal quantity of benzine, and subject the mixture to 120° F., in a graduated glass vessel, for 
not less than 6 hours, after which the mixture cools and settles not less than two hours for light grade, 3 hours for A grade, 4 hours for 
B grade, 6 hours for C grade, 8 hours for D grade, and 18 hours for heavier grades. 

No allowance made op account of condition in making delivery of the within oil. 

Note.—The foregoing applies to regular shipments, to wit: Shipments net by pipe-line to Parkersburg, West Virginia, or to 
Petroleum, West Virginia, or to Petrolia, Ohio, or to Cochran’s, West Virginia. 

SPECIAL SHIPMENTS.—The company will take special shipments of oil, in lots of 500 barrels or over, under the conditions expressed 
herein, except as modified as follows: First. Tankage shall be furnished at the point of destination and possession retained by the 
company until the final delivery of the shipment. Second. Thé company delivers all the oil, water, and sediment received by it and 
guarantees that the loss of actual oil shall not exceed the above reservations. Third. Special shipment certificates will be issued and 
charges will be made upon the gross amount of oil, water, and sediment received for transportation. 

Note.—Special shipments are shipments by pipe-line, in gross, to Parkersburg, West Virginia, or to Petroleum, West Virginia. 

LoOcAL SHIPMENTS.—The company will take local, shipments of oil, in lots of not less that 50 barrels, charging therefor at the rate 
of 10 cents per barrel. Local shipments to be under the same conditions in other respects as expressed above for special shipments. 

Note.—Local shipments are shipments made in gross, and are confined to points in the Volcano oil district. When regular 
shipments are stopped in transitu they become local shipments, and charges will be made on the gross amount received at the well, 
and not on the net amount, as per face of regular shipment certificates. In all such cases said certificates must be surrendered and 
canceled and local shipment certificates issued for the gross amount at the well, as aforesaid; the delivery as to amount to be made, 
however, according to the terms of the regular shipment certificates surrendered. 

The acceptance and retention of this receipt shall be regarded as an agreement on the part of the owner of said oil to all its terms 
and conditions, which shall be equally binding on all subsequent holders hereof. 

Deliver to the order of 





The charges for pipeage from the wells in Volcano district to Parkersburg, West Virginia, are 35 cents per 
barrel of 40 gallons each; to the Baltimore and Ohio railroad, 30 cents; to Cochran’s Landing, Ohio river, 30 cents; 
and local shipments to points within the oil districts, 10 cents. From Cow run, Ohio, to Petrolia, on the Ohio 
river, the rate is 30 cents. If oil remains in their tankage over 15 days, the charge for storage is 2 cents per barrel 
per month or part of a month from date, unless the freight charges are paid when storage is remitted. So far as 
the principal and general use of the certificates of this company is concerned, they become what they indicate— 
mere mediums between the consignor and consumer or refiner. Sometimes, however, they are used by the producers 
as collateral security for their notes in the local banks. In some instances also they have been purchased by 
investors as a speculation and held for a rising market, but such cases are exceptional. 


SECTION 4.—PETROLEUM AS AN ARTICLE OF FOREIGN COMMERCE. 


The foreign trade in petroleum centers in New York, Philadelphia, and Baltimore, with a very large proportion 
of the whole in New York. The exports consist of crude petroleum, the different varieties of illuminating oil, 
naphtha, and residuum. This trade is largely controlled by the New York produce exchange. The following rules, 
which indicate the general methods upon which the business is conducted, are taken from their report for 1879: 


CRUDE PETROLEUM. 


Rute 4, Crude petroleum shall be understood to be pure, natural oil, neither steamed nor treated, free from water, sediment, or any 
adulteration, of the gravity of 43° to 48° Baumé. 
RULE 5. When crude petroleum is sold in bulk, the quantity shall be ascertained by tank measurement at the time of delivery. 
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RULE 6, Crude petroleum in barrels shall be sold by weight at the rate of 64 pounds net to the gallon. 

RvuLE 7. In the absence of any stipulation, crude petroleum, when sold in barrels, shall be understood to mean, so far as regards 
packages, such packages as were originally refined petroleum barrels, whose last contents was crude petroleum, refined petroleum, or 
naphtha. 

RULE & When contracts for crude petroleum call for second-hand refined petroleum barrels (é. ¢., barrels whose last contents have 
been refined petroleum or naphtha) the sellers shall have the privilege of substituting new barrels, but they shall be glued. 

Rute 9. The weighing and verification of crude petroleum shall be governed by the rules applicable thereto under the head of 
refined petroleum. 


REFINED PETROLEUM. 


RuLE 10. Refined petroleum shall be standard white, or better, with a burning test of 110° F. or upward, and of a specific gravity 
not below 45° Baumé. 

RULE 11. The burning test of refined petroleum shall be determined by the use of the Saybolt electric instrument, and shall be 
operated in arriving at a result as follows: In 110° and upward the flashing points, after the first flash (which will generally occur 
between 90° and 95°), shall be taken at 95°, 100°, 104°, 108°, 110°, 112°, and 115°; in 120° and upward, after first flash, at 100°, 105°, 110°, 
115°, 118°, 120°, 122°, and 125°; in 130° and upward, every 5° until burning point is reached. 

RULE 12. When refined petroleum is sold in bulk, the quantity shall be ascertained by measurement on the decks of the tank-boats. 

RULE 13. Refined petroleum shall be delivered in blue, well-painted barrels, with white heads. Barrels shall be well glued and 
filled within 1 or 2 inches of the bung. 

RULE 14. Refined petroleum in barrels shall be sold by weight at the rate of 64 pounds net to the gallon. 

RULE 15. The tares of refined petroleum in barrels shall be weighed by half pounds and gross weight by pounds. 

RULE 16. The gross weight of packages for refined petroleum shall be not less than 360 pounds nor more than 415 pounds, and the 
actual gross weight shall be plainly marked thereon. 

RULE 17. Barrels shall be made of well-seasoned white-oak timber, and shall be hooped not lighter than as follows: Either with 
six iron hoops, the head hoop 1}? inches wide, No. 16 gauge, English standard, the quarter hoop 14 inches wide, No. 17 gauge, and the 
bilge-hoop 1% inches wide, No. 16 gauge; or with eight iron hoops, the head-hoop 1% inches wide, No. 17 gauge, the collar-hoop 1} inches 
wide, No. 17 gauge, the quarter-hoop 14 inches wide, No. 18 gauge, and the bilge-hoop 14 inches wide, No. 18 gauge. But all old barrels 
of which the gross weight is less than 395 pounds may be hooped with six iron hoops 14 inches wide, excepting the chine hoop, which 
shall be 1$ inches wide. 

RULE 18. Buyers may test, at their own expense, the correctness of the gross weight or gauge of the whole or part of any lot 
delivered, and the average shortage found on a portion of not less than 10 per cent. shall be taken as the average amount to be deducted 
from the lot. 

RULE 19. The tare shall be plainly marked upon each barrel before it is filled. Buyers may test the accuracy of the tare so marked 
to the extent of 5 per cent. of the lot, and the average difference between the tare thus ascertained and the marked tare on the barrels 
tested shall be accepted as the average difference on the entire lot. Any excess of tare so discovered shall be allowed buyer. 


NAPHTHA. 


RULE 20. Naphtha shall be water-white and sweet, and of gravity of from 68° to 73° Baumé. 

RULE 21. When naphtha is sold in bulk, the quantity shall be ascertained by measurement on the decks of the tank-boats. 

RULE 22. Naphtha in barrels shall be sold by weight at the rate of 5? pounds net to the gallon. 

RULE 23. Barrels containing naphtha shall be painted blue, with white heads, and be well glued. 

RULE 24, Naphtha shall be weighed, and may be tested by the buyer, as provided in the foregoing rules relating to refined 
petroleum. 


RESIDUUM. 


RULE 25. Residuum shall be understood to be the refuse from the distillation of crude petroleum, free from ceke and water and 
from any foreign impurities, and of gravity from 16° to 21° Baumé. 

RULE 26. Residuum, when sold in barrels, shall be sold by weight, at the rate of 74 pounds net per gallon. 

RULE 27. Residuum shall be weighed, and may be tested by the buyer, as provided in the foregoing rules relating to refined 
petroleum. 


EMPTY BARRELS. 


RULE 28. Unless otherwise stipulated, empty barrels shall be understood to have last contained either refined petroleum or naphtha. 

RULE 29. Barrels shall be classified according to the use for which they are fitted, as follows: 

First class shall include all barrels which, if properly coopered, would be fit to carry refined petroleum or naphtha. 

Second class shall include barrels which are unfit for refined petroleum or naphtha, but which would, if properly coopered, be fit 
for crude petroleum. 

Third class shall include such barrels as are unfit for either crude, refined petroleum, or naphtha, but which can be used for 
residuum, if properly coopered. 

RULE 30. When barrels which would otherwise be first class have been injured by sand, mold, or water, they shall be placed in the 
second class. 

RULE 32. When barrels have been filled with crude petroleum, and steamed out after shipment to Europe and used for refined oil, 
such packages shall be placed in the second class. 

RULE 33, All empty barrels must have six hoops, and be delivered in form, shooks or staves not being a good delivery. 
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CONTRACTS AND DELIVERIES. 


RULE 35. All deliveries and contracts for delivery of petroleum and its products under these rules shall be of the production of the 
United States, unless otherwise specified. 

RULE 36. All settlements of contracts for refined petroleum and naphtha shall be on the following basis: In barrels, on 50 gallons; 
in bulk, on 45 gallons. All settlements of contracts for crude petroleum shall be on the following basis: In barrels, on 48 gallons; in 
bulk, on 42 gallons. 

RULE 37. All cooperage shall be in prime shipping order. Tar and pitch barrels shall be excluded, except for residuum. 

RULE 38. When the capacity of the vessel exceeds or falls short of the amount specified in the contract, including the margin, then 
the specified amount shall be delivered. In determining the capacity of the vessel, barrels of 50 net gallons capacity in case of refined 
petroleum and naphtha, barrels of 48 net gallons capacity in case of crude petroleum, and barrels of 45 net gallons capacity in case of 
residuum shall be the basis for settlement. 


The inspection of petroleum and its products for export is an important business in New York city, Philadelphia, 
and Baltimore. Mr. A. Bourgougnon has read before the American Chemical Society several papers relating to 
this inspection. He refers to the fact that the petroleum of the New York market is a mixture of oils from a great 
many wells, and remarks that the specific gravity of the New York crude oil ranges from 0.790 to 0.800 = 48° to 
46° B. at 15° C. 

The coefficient of expansion of the crude oil varies from 0.00082 to 0.00086, according to the gravity of the oil. 
For the products of distillation the following can be generally adopted: é 
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The knowledge of these coefficients is important, as-it aids in calculating the empty space which must be 

allowed in the vessels containing the oil. This space will be— 

Ve Hea D0, 
V representing the volume of the oil, K the coefficient of expansion, and 50 the number of degrees of temperature 
through which the oil may change. 

Generally the inspectors examine the density, the odor, and how the oil feels with the fingers, and make a 
fractional distillation in tenth parts, giving a report stating that the oil does not contain more than 17 per cent. of 
naphtha. He states further that the separation of the distillate into hundredths instead of tenths is much to be 
preferred, as the proportion of naphtha can then be determined with exactness; ‘and this determination is very 
important to the buyer, since the crude oil is taxed in foreign countries according to the quantity of naphtha 
contained in it.” 

The crude oil of the New York market will generally furnish from 12 to 15 per cent. of naphtha at 0.700 
specific gravity, 9 to 12 per cent. of benzine at 0.730 specific gravity, and about 60 per cent. of burning oil at 0.795 
specific gravity. The residuum contains 23 per cent. of dry paraffine, calculated for the quantity of oil submitted 
to distillation. (a) 

In another communication he thus describes an ingeniously contrived instrument for determining the amount 
of naphtha of 0.700 gravity in crude petroleum : 

I employ an instrument made on the same principle and of the same shape as an hydrometer, which I call a naphthometer. To make 
the graduation of this instrument I proceed as follows: The specific gravity of commercial naphtha being 0.700 at 15° C., it is first 
necessary to have such naphtha. This naphtha being at a temperature of 15° C., the naphthometer is immersed in it, and on the stem at 
the point of intersection of the liquid the number 15is written. The same naphtha is brought to a temperature of 20° C., and on the stem, 
as above, the number 20 is written; the temperature of the naphtha is again increased to 25° C., and the number 25 is written on the 
stem at the point of intersection, and so on, in order that the temperature indicated by the thermometer (when immersed in naphtha of 
0.700 at 15° C.) will be always in accordance with the figures marked on the stem. For example, if I have a sample of naphtha of which 
the density is 0.700 at 15° C., but supposing that the actual temperature be 20° C., the naphthometer will indicate 20 both by the 
thermometer and on the stem at the point of intersection with the liquid. Now, to determine the percentage of naphtha in crude 
petroleum, I distill, say 300 c.c., and collect the distillate in a glass cylinder divided into c. c., in which glass the naphthometer has been 
previously placed. The temperature of the distillate, and if, e. g., the temperature be 25° C., the distillation is continued until the point 
marked 25 on the stem intersects with the liquid. At this moment the naphtha has a specific gravity of 0.700 at 15° C., as I have 
verified by several experiments. Removing the naphthometer from the jar, cooling to 15° C., and reading the number of c.c. obtained, and 
dividing by 3, I obtain finally the percentage of naphtha at 0.700 density and at the temperature of 15° C. contained in the crude oil. (b) 

The increase in the bulk of petroleum and of all its products, due to an increase of temperature, occasions a 
great deal of trouble in measuring these articles in bulk. In barrels and small packages the difficulty is obviated 
by weighing. Preisser, of Rouen, in 1840, investigated a case in which a certain amount of oil (seed and fish) was 
stored in winter and measured in summer, when an excess was discovered, and.the parties storing were charged 
with fraud. He found that the oil increased in volume at a certain ratio for each degree of temperature. (c) M. 
Henri St. Claire Deville first stated that American petroleum increases in bulk 0.01 for every 10° C. Later it has 
been discovered that the ratio of expansion varies with the specific gravity of the oil and also with the temperature. 
The table on pages 111 to 115, inclusive, has been computed for the specific gravity of crude oil up to 45° B, 





a 7. Am, Chem., vii, $1. b Ibid., p. 123. ce Jour. F. Inst., xxix, 130. 
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This does not embrace illuminating oils or naphthas, but is approximately correct for the dense oils below 45°. 
Mr. Gustavus Pile offers the following suggestion of a method of universal application to crude petroleum and all 


petroleum products: (a) . 

I was asked a short time ago by a gentleman in the coal-oil trade to furnish him with some sort of apparatus with which he could 
readily estimate the number of gallons of oil there would be in a tank gauged at any temperature if the temperature were reduced to 60° 
F. The rate of expansion of most of the petroleum products being considerable, the difference in measurement at various temperatures. 
often becomes too great to be unnoticed. In the case of benzine of 68° B., the expansion from 30° to 90° F. amounted to 50 parts in a 
1,000. The solution of this problem appears to be best made by observing the specific gravity as it would stand at different temperatures, 
and calculating from the variation in the gravity the amount of expansion in bulk. If we have gauged a tank holding oil and find 
it to hold, at 90° temperature, 12,000 gallons, and desire to know how much that would measure if reduced to 60° temperature, we must 
first note the gravity at the two temperatures, 60° and 90°, and the calculation will then be as follows: Say the gravity at 90° 0.7900 
and at 60° = 0.8025. The gravity at 90° is to be divided by the gravity at 60°, thus $392, which will give the measure at 60° of one gallon, 
and by multiplying this by 12,000, $$$? + 12,000 = 11,812 gallons, we have the measure at 60° of the whole amount. The difference of 188 
gallons between the measure at 60° and that at 90° expresses the expansion caused by that increase of temperature. 

In order to obtain correct results by this method, it would be necessary to use hydrometers made with a specific gravity scale and 
with the degrees sufficiently far apart to be able to read to single degrees, or also to use a specific gravity bottle, which, of course, will 
always give the best result. 

I am not acquainted with any method that may be in use among dealers, but the plan here suggested will give accurate conclusions,. 
and where it is found necessary to be particular can be used with confidence. * 
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TABLE OF EXPANSION OF THE WEST VIRGINIA NATURAL OILS. 
[GRA VITIES 28° TO 45°, FROM ZERO TO 130° F., WITH THE UNIT AT 60° TEMPERATURE.) 
Calculated by JuL. SCHUBERT, Engineer. 


The expansion of the West Virginian natural oils is, as the following table shows, by no means very small, and has in a large number 
of cases worked to the disadvantage of both producers and dealers. It therefore became desirable to have the expansion of the oils. 
established, and carefully conducted experiments, according to the rule laid down by Professor Gay-Lussac for testing the expansion of 
liquids, and calculations made corresponding to the formula of the same author, have furnished the following table. 

The coefficient of expansion of the glass entering into the calculation has been adopted as being 0.000026. 

The expansion of the oils increases with the temperature and varies with the gravity. The higher oils expand faster than the heavier- 
oils within the same change of temperature. It became necessary, therefore, to establish the scale of expansion for each gravity from 
28° to 45°. 

As the gravity is measured at 60° temperature, the unit for the volume of the oil has also been taken at 60° F. 

The quantity of oil at 60° temperature should be the guide in all business transactions with the West Virginian natural oils. 

RULES FOR USE OF THE TABLE.—In order to find the quantity of oil at 60° temperature: Divide the quantity of the oil by the figure: 
found in the table corresponding both to gravity and temperature of the oil. 

For instance: 75.63 barrels of 35° oil, measured at a temperature of 26°, would be: 


15.63 = 76.59 barrels of 35° oil at 60°. 
0.987394 


Or, 81.34 barrels of 33° oil, measured at a temperature of 88°, would be: 


81.3 
1.011566 = = 80.41 barrels of 33° oil at 60° temperature. 


PRODUCTION OF PETROLEUM. 


TABLE OF EXPANSION OF THE WEST VIRGINIA NATURAL OILS. 









































DEGREES OF GRAVITY. 


11) wy 
Degrees 
Aree 
Re (F.) 280°. 29°. 30°. | 31°. 
Zero. 0. 980810 0. 980570 0. 980330 0. 980060 
1 0. 981095 0. 980859 0. 980623 0. 980357 
2 @. 981380 0. 981148 0. 980916 | 0. 980654 
3 0. 981665 0. 981437 0. 981209 0. 980951 
4 0. 981950 0. 981726 0. 981502 0. 981248 
5 0. 982235 0. 982015 0. 981795 0. 981545 
6 0. 982520 0. 982304 0. 982088 0. 981842 
7 0. 982805 0. 982593 0. 982381 0. 982139 
8 0. 983090 0. 982882 0. 982674 0. 982436 
9 0. 983375 0. 983171 0. 982967 0. 982733 
10 0. 983660 0. 983460 0. 983260 0. 983030 
11 0. 983958 0. 983762 0. 983566 0. 983340 
12 0. 984256 0. 984064 0. 983872 | 0. 983650 
13 0. 984554 0. 984366 0. 984178 0. 983960 
14 0. 984852 0. 984668 0.984484 | 0. 984270 
15 0. 985150 0. 984970 0. 984790 0. 984580 
16 0. 985448 0. 985272 | 0. 985096 0. 984890 
17 0. 985746 0. 985574 0. 985402 0. 985200 
18 0. 986044 0. 985876 0. 985708 0. 985510 
19 0. 986342 0. 986178 0. 986014 | 0. 985820 
20 0. 986640 0.986480 | 0. 986320 0. 986130 
21 0. 986952 0. 986796 0. 986640 | 0. 986454 
22 0. 987264 0.987112 | 0. 986960 0. 986778 
23 0. 987576 0. 987428 0. 987280 | 0. 987102 
24 0. 987888 0. 987744 0. 987600 | 0. 987426 
25 0. 988200 0. 988060 0. 987920 0. 987750 
26 0. 988512 0. 988376 0. 988240 0. 988074 
27 0. 988824 0. 988692 0. 988560 | 0. 988398 
28 0. 989136 0. 989008 0.988880 | 0. 988722 
29 0. 989448 0. 989324 0. 989200 0. 989046 
30 0. 989760 0. 989640 0. 989520 0. 989370 
31 0. 990086 0. 989970 0. 989854 0. 989709 
32 0. 990412 0. 990300 0. 990188 0. 990048 
33 0. 990738 0. 990630 0.990522 | 0. 990387 
34 0. 991064 0. 990960 0. 990856 0. 990726 
35 0. 991390 0. 991290 0. 991190 0. 991065 
36 0. 991716 0. 991620 0. 991524 0. 991404 
37 0. 992042 0. 991950 0. 991858 0. 991743 
38 0. 992368 @. 992280 0. 992192 0. 992082 
39 0. 992694 0. 992610 0. 992526 0. 992421 
40 0. 993020 6. 992940 0. 992860 0. 992760 
41 0. 993361 0. 993285 0. 993209 0. 993114 
42 0. 993702 0. 993630 0. 993558 0. 993468 
43 0. 994043 0. 993975 0. 993907 0. 993822 
44 0. 994384 @. 994320 0. 994256 0. 994176 
45 0. 994725 0. 994665 0. 994605 0. 994530 
46 0. 995066 0. 995010 0. 994954 0. 994884 
47 0. 995407 0. 995355 0. 995303 0. 995238 
48 0. 995748 0. 995700 0. 995652 0. 995592 
49 @. 996089 0. 996045 0. 996001 0. 995946 
50 0. 996430 0. 996390 0. 996350 0. 996300 
51 0. 996787 0. 996751 0. 996715 0. 996670 
52 0. 997144 0. 997112 0. 997080 0. 997040 
53 0. 997501 0. 997473 0. 997445 0. 997410 
54 0. 997858 0. 997834 0. 997810 0. 997780 
55 0. 998215 0. 998195 0. 998175 0. 998150 
56 0. 998572 0. 998556 0. 998540 0. 998520 
57 0. 998929 0. 998917 0. 998905 0. 998890 
58 0. 999286 0. 999278 0. 999270 Q. 999260 
59 0.999643 0. 999639 0. 999635 0. 999630 
60 1. 000000 1. 000000 1. 000000 1. 000000 
61 1. 000374 1. 000378 1. 000382 1. 000387 
62 1, 000748 1. 000756 1. 000764 1. 000774 
63 1. 001122 1. 001134 1. 001146 1. 001161 
64 1. 001496 1. 001512 1. 001528 1. 001548 
68 1. 001870 1. 001890 1. 001910 1, 001935 





32°. 


0. 979770 


0. 980071 
0. 980372 
0. 980673 
0. 980974 
0, 981275 ° 


0. 981576 
0. 981877 
0. 982178 
0. 982479 
0. 982780 


0. 983095 


_ 0.983410 


0. 983725 
0. 984040 
0. 984355 


0. 984670 
0. 984985 
0. 985300 
0. 985615 
0. 985930 


0. 986259 
0. 986588 
0. 986917 
0. 987246 
0. 987575 


0. 987904 
0.988233 
0. 988562 
0. 988891 
0. 989220 


0. 989564 
0. 989908 
0. 990252 
0. 990596 
0. 990940 


0. 991284 
0. 991628 
0. 991972 
0. 992316 
0. 992660 


0. 993019 
0. 993378 
0. 993737 
0. 994096 
6. 994455 


0. 994815 
0. 995173 
0. 995532 
0. 995891 
. 996250 


0 

0. 996625 
0. 997000 
0. 997375 
0. 997750 
0. 998125 
0. 998500 
0. 998875 
0. 999250 
0. 999625 
1. 000000 
1 
1 


- 000392 
- 000784 
1. 601176 
1. 001568 
1, 001960 














33°. 


0. 979470 


0. 979776 
0. 980082 
0. 980388 
0. 980694 
0. 981000 


0. 981306 
0. 981612 
0. 981918 
0. 982224 
0. 982530 


0. 982850 
0. 983170 
0. 983498 
0. 983810 
0 984130 


0. 984450 
0. 984770 
0. 985090 
0. 985410 
0. 985730 


0. 986064 
0. 986398 
0. 986732 
0. 987066 
0. 987400 


0. 9877384 
0. 988068 
0. 988402 
0. 988736 
0. 989070 


0. 989419 
0. 989768 
0. 990117 
6. 990466 
0. 990815 


0. 991164 
0. 991513 
0. 991862 
0. 992211 
0. 992560 


0. 992924 
0. 993288 
0, 993652 
0. 994016 
0. 994380 


0. 994744 
0. 995108 
0. 995472 
0. 995836 
0. 996200 


0. 996580 
0. 996960 
0. 997340 
0. 997720 
0. 998100 


0. 998480 
0. 998860 
0. 999240 
0. 999620 
1. 000000 


1. 000397 
1. 000794 
1. 001191 
1. 001588 
1. 001985 














34°, 


0. 979170 


0. 979481 
0. 979792 
0. 980103 
0. 980414 
0. 980725 


0. 981036 
0. 981347 
0. 981658 
0. 981969 
0. 982280 


0. 982605 
0. 982930 
0. 983255 
0. 983580 
0. 983905 


0. 984230 
0. 984555 
0. 984880 
0. 985205 
0. 985530 


0. 985869 
0. 986208 
0. 986547 
0. 986886 
0. 987225 


0. 987564 
0. 987903 
0. 988242 
0. 988581 
0. 988920 


0. 989274 
0. 989628 
0. 989982 
0. 990336 
0. 990690 


0. 991044 
0. 991398 
0. 991752 
0. 992106 
0. 992460 


0. 992829 
0. 993198 
0. 993567 
0. 993936 
0. 994805 


0. 904674 
0. 995073 
0. 995412 
0. 995781 
0. 996150 


0. 996535 
0. 996920 
0. 997305 
0. 997690 
0. 998075 


0. 998460 
0. 998845 
0. 999230 
0. 999615 
1. 000000 


1. 000402 
1, 000804 
1. 001206 
1. 001608 
1, 002010 





35°. 


0. 978870 


0. 979186 
0. 979502 
0. 979818 
0. 980184 
0. 980450 


0. 980766 
0. 981082 
0. 981398 
0. 981714 
0. 982030 


0, 982360 
0. 982690 
0. 983020 
0. 983350 
0. 983680 


0. 984010 
0. 984340 
0. 984670 
0. 985000 
0. 985330 


0. 985674 
0. 986018 
0. 986362 
0. 986706 
0. 987050 


0. 987394 
0. 987738 
0. 988082 
0. 988426 
0. 988770 


0. 989129 
0. 989488 
0. 989847 
0. 990206 
0. $90565 


0. 990924 
0. 991283 
0. 991642 
0. 992001 
0. 992360 


0. 992734 
0. 993108 
0. 993482 
0. 993856 
0. 994230 


0. 994604 
0. 994978 
0, 995352 
0. 995726 
0. 996100 


0. 996490 
0. 996880 
0. 997270 
0. 997660 
0. 998050 


0. 998440 
0. 998830 
0. 999220 
0. 999610 
1. 000000 


1. 000407 
1. 000814 
1. 001221 
1. 001628 
1, 002035 





36°. 


0. 978570 


0. 878891 
0. 979212 
0. 979533 
0. 979854 
0. 980175 


0. 980496 
0. 980817 
0. 981138 
0. 981459 
0. 981780 


0. 982115 
0. 982450 
0. 982785 
0, 983126 
0. 983455 


0. 983796 
0. 984125 
0. 984460 
0. 984795 
0. 985130 


0. 985479 
0. 985828 
0. 986177 
0. 986526 
0. 986875 


0. 987224 
0. 987573 
0. 987922 
@. 988271 
0. 988620 


0. 988984 
0. 989348 
0. 989712 
0. 990076 
0. 990440 


0. 990804 
0. 991168 
0. 991532 
0. 991896 
0. 992260 


0. 992639 
0. 993018 
0. 993397 
0. 993776 
0. 994155 


0. 994534 
0. 994913 
0. 995292 
0. 995671 
0. 996050 


0. 996445 
0. 996840 
0.997235 
0. 997630 
0. 998025 


0. 998420 
0. 998815 
0. 999210 
0. 999605 
1. 000000 


1. 000412 
1. 000824 
1. 001236 
1. 001648 
1. 002060 
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TABLE OF EXPANSION OF THE WEST VIRGINIA NATURAL OILS—Continued. 
















































































DEGREES OF GRAVITY. Degrees 
2am es SS = of tem- 
37°, 38°. 39°. | 40°. 41°. 42°, | 48°. 44° 45°. ia 
at Ee ed A eae 
0. 978210 0. 977850 0. 977490 | 0. 977130 0. 976770 0. 976390 0. 976020 0. 975660 0.975240 | Zero. 
0. 978537 0. 978183 0.977829 | 0. 977475 0. 977121 0.976747 | 0. 976383 0. 976029 0. 975616 1 
0. 978864 0. 978516 0.978168 | 0. 977820 0. 977472 0. 977104 0, 976746 0. 976398 0.975992 | 2 
| 0. 979191 0. 978849 0.978507 | 0. 978165 0. 977823 0. 977461 0. 977109 0. 976767 0. 976368 3 
0, 979518 0. 979182 0. 978846 | 0. 978510 0. 978174 0. 977818 0. 977472 0. 977136 0. 976744 4 
0. 979845 0. 979515 0.979185 | 0.978855 | 0. 978525 0. 978175 0. 977835 0. 977505 0. 977120 5 
0. 980172 0. 979848 0. 979524 0.979200 | 0. 978876 0. 978532 0. 978198 0. 977874 0. 977496 6 
0. 980499 0.980181 | 0.979863 0. 979545 0. 979227 0, 078889 0, 978561 0. 978243 0, 977872 7 
0. 980826 0.980514 0.980202 0. 979890 0, 979578 0. 979246 0. 978924 0. 978612 0. 978248 8 
0. 981153 0.980847 0.980541 | 0. 980235 0. 979929 0. 979603 0. 979287 0. 978981 0. 978624 9 
0, 981480 0.981180 | 0.980880 | 0.980580 | 0. 980280 0. 979960 0. 979650 0. 979350 0.979000 | 10 
0, 981821 0. 981527 0.981233 | 0.980939 0. 980645 0. 980331 0, 980027 0. 979733 0. 979390 1 
0. 982162 0, 981874 0.981586 | 0.981298 | 0. 981010 0. 980702 0. 980404 0. 980116 0. 979780 12 
0. 982503 0, 982221 0,981939 0.981657 | 0, 981375 0. 981073 0. 980781 _ 0.980499 0. 980170 13 
0. 982844 0. 982568 0.982292 | 0.982016 | 0, 981740 0. 981444 0. 981158 0.980882 | 0.980560 | 14 
0. 983185 0. 982915 0.982645 0. 982375 0.982105 0. 981815 0. 981535 0.981265 | 0.980950 | 15 
0. 983526 0. 983262. 0.982098 | 0, 982734 0.982470 | 0. 982186 0. 981912 0.981648 0. 981340 16 
0. 983867 0. 983609 0.983351 | 0. 983093 0. 982835 0. 982557 0. 982289 0. 982034 0, 981730 17 
0. 984208 0, 983956 0. 983704 0. 983452 0. 983200 0. 982928 0. 982666 0.982414 | 0. 982120 18 
0. 984549 0. 984303 0, 984057 0, 983811 0. 983565 0. 983299 0. 983043 0. 982797 0, 982510 19 
0. 984890 0. 984650 0. 984410 0. 984170 0. 983930 8. 983670 0. 983420 0.983180 | 0, 982900 20 
0. 985245 0. 985011 0. 984777 0. 984543 0. 984309 0. 984055 0. 983811 0. 983577 0. 983304 21 
0. 985600 0. 985372 0. 985144 0. 984916 0. 984688 0, 984440 0. 984202 0. 983974 0.983708 | 22 
0. 985955 8.985733 | 0. 985511 0. 985289 0. 985067 | 0, 984825 0.984593 | 0.984371 | 0. 984112 23 
0. 986310, 0. 986094 6. 985878 0. 985662 0.985446 0. 985210 0. 984984 0.984768 | 0.984516 | 24 
0. 986665 0, 986455 0. 986245 0. 986035 0.985825 0, 985595 0. 985375 0. 985165 0. 984920 25 
0. 987020 0. 986816 @. 986612 0. 986408 0. 986204 0. 985980 0. 985766 0. 985562 0. 985324 26 
0. 987375 0.987177 | 0.986979 0. 986781 0. 986583 0.986365 | 0. 986157 0. 985959 0, 985728 27 
0. 987730 0. 987538 0. 987346 | 0. 987154 0. 986962 0. 986750 0. 986548 0. 986356 0. 986132 28 
0.988085 | 0. 987899 0. 987713 0. 987527 0. 987341 0.987135 | 0. 986939 | 0, 986753 0.986536 | 29 
0. 988440 0. 988260 0. 988080 0. 987900 0. 987720 0. 987520 | 0. 987330 | 0. 987150 0.986940 | 30 
0. 988810 0. 988636 0.988462 | 0. 988288 0. 988114 | 0. 987920 0. 987736 | 0. 987562 0.987359 | 31 
0, 989180 0.989012 | 0. 988844 0. 988676 0. 988508 0. 988320 0. 988142 0.987974 | 0.987778 | 32 
0. 989550 0. 989388 | 0.989226 | 0. 989064 0.988902 | 0. 988720 0. 988548 0. 988386. 0.988197 33 
0. 989920 0. 989764 0.989608 | 0. 989452 0.989296 0.989120 | 0. 988954 0. 988798 | 0.988616 | 34 
0. 990290 0.990140 0. 989990 0. 989840 0. 989690 0. 989520 0. 989360 0.989210 0.989035 | 35 
0. 990660 0.990516 | 0. 990372 0, 990228 0. 990084 0. 989920 0. 989766 0. 989622 0, 989454 36 
0. 991030 0.990892 | 0. 990754 0. 990616 0.990478 0. 990320 0. 990172 0. 990034 0.989873 | 37 
0. 991400 0.991268 | 0. 991136 0. 991004 0.990872 0.990720 | 0. 990578 0. 990446 0.990292 | 38 
0. 991770 0, 991644 0.991518 | 0. 991392 0.991266 | 0. 991120 0.990984 0.990858, 0.990711 | 39 
0. 992140 0. 992020 | 0. 991900 | 0.991780 | 0.991660 0. 991520 0. 991390 0.991270 | 0. 991130 40 
0. 992525 0.992411 0, 992297 0. 992183 0. 992069 | 0. 991936 0. 991812 0.991698 | 0. 991565 41 
0. 992910 0.992802 | 0. 992694 0.992586 | 0.992478 | 0. 992352 0, 992234 0.992126 | 0. 992000 42 
0, 993295 0.993193 | 0. 993091 0. 992989 0.992887 | 0.992768 | 0. 992656 0.992554 | 0. 992435 43 
0. 993680 0, 993584 0. 993488 0. 993392 0.993296 0.993184 | 0.993078 0.992982 0. 992870 44 
0. 994065 0.993975 0. 993885 0. 993795 0.993705 | 0, 993600 0.993500 | 0. 993410 0.963305 45 
0. 994450 0, 994366 0.994282 | 0.994198 | 0.994114 0.994016 | 0.993922 | 0, 993838 0.993740 46 
0. 994835 0, 994757 0, 994679 0. 994601 0.994523 | 0.994432 0.994344 0. 994266 | 0. 994175 47 
0. 995220 0.995148 | 0.995076 | 0. 995004 0.994932 | 0, 994848 0.994766 | 0.994694 | 0.994610 | 48 
0. 995605 0.995539 0. 995473 0, 995407 0.995341 | 0. 995264 0. 995188 | 0. 995122 0.995045 | 49 
0. 995990 | 0. 995930 0.995870 0. 995810 0.995750 0. 995680 0.995610 | 0. 995550 0.995480 | 50 
0.996391 | 0. 996337 | 0. 996283 | 0.996229 0.996175 0, 996112 0. 996049 | 0. 995995 0.995932 | 51 
0, 996792 0. 996744 | 0.996696 0. 996648 0.996600 | 0. 996544 0. 996488 0. 996440 0.996384 52 
0. 997193 | 0.997151 | 0. 997109 | 0. 997067 0.997025 | 0. 996976 0. 996927 0. 996885 | 0. 996836 53 
0.997594 | 0. 997558 0. 997522 0. 997486 0.997450 | 0. 997408 0. 997366 0.997330 | 0.997288 54 
0. 997995 | 0. 997965 | 0.997935 | 0. 997905 0.997875 | 0.997840 | 0.997805 0, 997775 0.997740 | 55 
| ' | 
0, 998396 0.998372 0. 998348 0.998324 0. 998300 | 0. 998272 | 0. 998244 0.998220 0.998192 56 
0, 998797 0. 998779 0, 998761 0.998743 0. 998725 0.998704 | 0. 998683 0. 998665 0.998644 57 
0.999198 0.999186 0.999174 0.999162 0.999150 | 0.999136 0. 999122 0.999110 | 0. 999096 58 
0, 999599 0.999593 | 0. 999587 0.999581 0.999575 | 0. 999568 | 0. 999561 0. 999555 0.999548 | 59 
1. 000000 1.000000 | 1. 000000 1.000000 1. 000000 | 1.000000 | 1. 000000 1, 060000 1.000000 | 60 
1.000418 1, 000424 | 1. 000430 1. 000436 | 1. 000442 1. 000449 | 1, 000456 1. 000463 1.000470 | 61 
1, 000836 1, 000848 1, 000860 1. 000872 1, 000884 1.000898 1. 000912 1, 000926 1.000940 62 
1, 001254 1.001272 1. 001290 1, 001308 1, 001326 | 1.001347 — 1. 001368 1. 001389 1.001410 | 68 
1, 001672 1, 001696 1. 901720 1, 001744 1, 001768 1. 001796 | 1, 001824 1. 001852 1. 001880 64 
1,.002090 1.002120 | 1.002150 | 1.002180 | 1, 002210 1, 002245 1, 002280 1. 002315 1, 002350 65 
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Degrees 
of tem: a casa a wo 
pene 289. 290, 30°, | 31°. | 320, B89, 7 ly ade 35°. 36°. 
66 1. 002244 1. 002268 1. 002292 | 1. 002322 | 1. 002352 1. 002382 1. 002412 1. 002442 1. 002472 
67 | 1. 002618 1. 002646 1. 002674 1, 002709 1. 002744 1. 002779 - 1.002814 1. 002849 1. 002884 
68 1, 002992 1.003024 | 1.003056 | 1. 003096 1. 003136 1.003176 1, 003216 1. 003256 1. 003296 
69 1. 003366 1. 603402 1. 003438 1. 003483 1. 003528 1.003573 | 1. 003618 1. 003663 1. 003708 
70 1, 008740 1. 003780 1. 003820 1. 003870 1. 003920 1.003970 | 1. 004020 1. 004070 1. 004120 
wait 1. 004131 1. 004175 | 1. 004219 1. 004274 1. 004329 1. 004384 | 1. 004489 1. 004495 1. 004550 
72 1. 004522 1. 004570 1. 004618 1. 004678 1. 004738 1, 004798 1. 004858 1. 004920 1. 004980 
73 | 1. 004913 1. 004965 1. 005017 1. 005082 1. 005147 1. 005212 1. 005277 1. 005345 1. 005410 
74 | 1. 005304 1. 005360 1. 005416 1. 005486 1. 005556 1. 005626 1. 005696 1. 005770 1, 005840 
75 i 1. 005695 1. 005755 1, 005815 1. 005890 1. 005965 1. 006040 1. 006115 1. 006195 .- 906270 
76 | 1. 006086 1. 006150 / 1. 006214 1. 006294 1. 006374 1. 006454 1. 006534 1. 006620 1. 006700 
77 1. 006477 1. 006545 | 1. 006613 1. 006698 1. 006783 1. 006868 1. 006953 1. 007045 1. 007130 
78 1. 006868 1.006940 | 1. 007012 1. 007102 1. 007192 1. 007282 1. 007372 1. 007470 1. 007560 
79 1. 007259 1. 007335 1. 007411 1. 607506 | 1. 007601 1. 007696 1. 007791 1. 007895 1. 007990 
80 1. 007650 1.007730 | 1. 007810 1. 007916 1. 008010 1. 008110 1. 008210 | 1. 008320 1. 008420 
81 1. 008058 1. 008142 | 1. 008226 1. 008331 1. 008437 1. 008542 1. 008647 / 1. 008763 1. 008869 
82 1. 008466 1. 008554 1. 008642 1. 008752 1. 008864 1. 608974 1. 009084 | 1. 009206 1. 009318 
83 1. 008874 1. 008966 1. 009058 1. 009173 1. 009291 1. 009406 1. 009521 | 1. 009649 1. 009767 
84 1. 009282 1. 009378 1. 009474 1. 009594 1. 009718 | 1. 009838 1. 009958 1. 010092 1. 010216 
85 | 1. 009690 1. 009790 1. 009890 1.010015 | 1. 016145 1. 010270 1. 010395 1. 0105325 1. 010665 
86 | 1. 10098 1. 010202 1. 010306 1. 010436 1. 010572 1. 010702 1. 010832 1. 610978 1. 011114 
87 1. 010506 1.010614 | 1. 010722 1.010857 | 1. 010999 1. 011134 1. 011269 1. 011421 1. 011563 
88 | 1. 610914 1. 011026 1. 011138 1. 011278 1. 011426 1. 011566 1. 011706 1. 011864 1. 012012 
89 | 1. 011322 1. 011488 1. 011554 1. 011699 1. 011853 1. 011993 1. 012143 1. 012307 1. 012461 
90 | 1, 011730 1. 011850 1. 011970 1. 012120 1. 012280 1. 012430 1. 012580 | , 1. 012750 1. 012910 
$1 | 1. 0121955 1.0]2279 | 1, 012404 1.012559 | 1. 012725 1. 012880 1. 018035 1. 013212 1. 013378 
92 1. 012580 1. 012708 1. 012838 1. 012998 1. 018170 1, 013330 1. @3490 1. 013674 | 1. 013846 
93 | 1.013005 | 1.013137 | 1, 013272 1. 013437 1. 013615 1. 013780 1. 013945 1.014136 | 1.014314 
94 | 1. 013430 1, 013566 1. 013706 1. 013876 1. 014060 1. 014230 1, 014400 1.014598 | 1. 014782 
95 | 1. 013855 1. 013995 1.014140 | 1. 014315 1. 014505 1. 014680 1. 014855 1. 015060 1. 015250 
96 1. 014280 1. 014424 1.014574 | 1. 014754 | 1. 014950 1.015130 | 1.015310 1. 015522 1. 015718 
97 | 1, 034705 1. 014853 1. 015008 | 1. 015193 1. 015395 1. 015580 1. 015765 1. 015984 1. 016186 
98 | 1.015130 | 1, 615282 | 1. 015442 1. 015632 1. 015840 1. 016030 1. 016220 | 1. 016446 1. 016654 
99 1. 015555 1. 015711 1. 015876 1. 016071 1. 016285 1. 016480 1. 088675 1. 016908 1. 017122 
100 | 1. 015980 1. 016140 1. 016310 1. 016510 1. 016730 1. 016930 1. 017130 1. 0173870 1. 017590 
NO 4 1. 016422 1. 016587 1. 016762 | 1. 016967 | 1. 017193 1. 017399 1. 017644 | 1, 017851 1. 018077 
102 1. 016864 1. 017034 1. 017214 1.017424 | 1. 017656 1. 017868 1.018078 | 1. 018332 1. 018564 
103 1. 017306 1. 017481 1.017666 | 1.017881 | 1. 018119 1. 018337 1. 018552 | | 1.018813 | 1. 019051 
104 | 1. 017748 1.017928 | 1. 018118 1. 018338 1. 018582 1. 018806 1. 019026 1. 019294 1. 019538 
105 | 1. 018190 | 1. 018375 1. 018570 1. 018795 1. 019045 1. 019275 1. 019500 1. 019775 1. 020025 
106 1. 018632 1. 018822 1. 019022 | 1. 019852 1. 019508 1. 019744 1. 019974 1. 020256 1, 020512 
107 1. 019074 1. 019269 1. 019470 1. 019709 1. 019971 1. 020213 1. 020448 1. 020737 1. 020999 
108 1. 19516 1. 019716 1.019926 | 1. 020166 1. 020484 1. 020682 1. 020922 1. 021218 1. 021486 
109 1. 619958 1. 020163 1. 020378 1, 020623 1. 020897 1, 021151 1. 021396 1. 021699 1. 021973 
110 1. 020400 1.020610 | 1.020830 | 1. 021080 1. 021360 1, 021620 1. 021870 1. 022180 1. 022460 
i | 1.020860 | 1.021075 1.021300 | 1.021556 | 1, 021842 1. 022108 1, 022363 1. 022680 1. 022967 
112 | 1, 021320 1.021540 | 1.021770 | 1. 022032 1.022324 | 1.022596 1.022856 —-1. 028180 1. 023474 
113 | 1. 021780 1.022005 | 1.022240 | 1. 022508 1. 022806 1. 023084 1.023349 | 1, 028680 1. 023981 
14 1.022240 | 1.022470 1. 022710 1. 022984 1.023288 | 1.028572 1. 023842 1. 024180 1, 024488 
115 ; 1, 622700 1. 022935 1. 023180 1. 023460 1. 023770 1. 024060 1. 024335 1. 024680 1. 024995 
116 1. 023160 1. 023400 1. 023650 1. 023936 1. 024252 1.024548 | 1. 024828 1. 025180 1. 025502 
117 | 1. 023620 1. 023865 1.024120 | 1. 024412 1. 024734 1. 025036 | 1. 025321 1. 025680 1. 026009 
118 1. 024080 1. 024330 1. 024590 1. 024888 1, 025216 1. 025524 1. 025814 1. 0626180 1. 026516 
119 | 1. 024540 1. 024795 1. 025060 1. 0253 1. 025698 | 1. 026012 1. 026307 1. 026680 1. 027023 
120 1. 025000 1. 025260 1. 025530 1. 025840 1.026180 | 1. 026500 1. 026800 1. 027180 1. 027530 
121 1. 025478 1.025743 | 1. 026019 1. 026335 | 1. 026681 1. 027607 | 1. 027313 1. 027700 1. 028057 
122 | 1. 025956 1. 026226 | 1. 026508 1. 026830 | 1. 027182 1. 027514 1. 027826 1. 028220 1. 028584 
123 | 1. 0€6434 1. 026709 | 1, 026997 1.027325 | 1. 027683 | 1. 028021 1. 028339 1. 028740 1. 029111 
124 | 1. 026912 1. 027192 | 1. 027486 1. 027820 1. 028184 I 1. 028528 1. 028852 1. 029260 1. 029638 
125 1. 027390 1. 027675 « 1. 027975 1. 0283815 | 1. 028685 1. 0290385 1. 029365 1. 029780 | 1. 030165 
126 | 1. 027868 1.028158 | 1. 028464 1.028810 | 1.029186 1. 020542 1. 029878 1. 030300 1. 030692 
127 1. 028346 1. 028641 1. 028953 1. 020305 1.029687 | 1.030049 1. 030391 1. 030820 1. 031219 
128 1. 028824 1. 020124 1. 029442 1. 029800 | 1. 030188 1. 030556 1. 030904 1. 031340 1. 031746 
129 1. 029302 | 1.029607 | 1. 0299381 1. 030295 1. 030689 | 1. 031063 1.031417 | 1. 031860 1. 032273 
130 1. 629780 1. 030090 1. 0380420 1.080790 | 1. 031190 | 1. 031570 1. 031930 | 1. 0323880 1. 032800 
Ree \ | | 
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Degrees 
Oe ie Pe ae : aes ee oe of tem- 
37°. 389. 39°, 40°, 41°. 420, 43°. 440, 45°. veh 

/ } 
1. 002508 1. 002544 1. 002580 1. 002616 1. 002652 1. 002694 1. 002736 1. 002778 1. 002820 66 
1. 002926 1, 002968 1. 003010 1. 003052 1. 003094 1. 003143 1. 003192 1. 003241 1. 003290 67 
1. 003344 1. 003392 1. 003440 1. 003488 1. 003536 1. 003592 1. 003648 1. 003704 1. 003760 68 
1. 003762 1. 003816 1. 003876 1. 003924 1. 003978 1. 004041 1. 004104 1. 004167 1. 004230 69 
1. 004180 1. 004240 1. 004300 1. 004360 1. 004420 1. 004490 1. 004560 1. 004630 1. 004700 70 
1. 004616 1, 004682 1. 004748 1. 004814 1. 004880 1. 004957 | 1. 005034 1. 005112 1, 005189 71 
1. 005052 1. 005124 1. 005196 | 1, 005268 1. 0053406 1. 005424 | 1.005508 | 1. 005592 | il 005678 72 
1: 005488 1. 005566 1. 005644 | 1. 005722 1. 005800 1. 005891 1. 005982 1.006076 — 1. 006167 73 
1. 005924 1. 006008 1. 006092 1.006176 | 1. 006260 1.006358 | 1. 006456 1. 006558 1. 006656 74 
1. 006360 1. 006450 1. 006540 | ik 006630 1. 006720 1. 006825 1. 006930 1. 007040 | 1. 007145 75 
1. 006796 | 1. 006892 1. 006988 | 1. 007084 1. 007180 1. 007292 1, 007404 1. 007522 1. 007634 76 
1. 607232 1. 007334 1. 007436 1.007588 | 1. 007640 1. 007759 1. 007878 1.008004 | 1. 008123 q7 
1. 007668 1. 007776 1. 007884 1. 007992 1. 008100 1. 008226 | 1. 008352 1. 008486 / 1. 008612 78 
1. 008104 1. 008218 1. 608332 1. 008446 1. 008560 1. 008693 1. 008826 1. 008968 | 1. 009101 79 
1. 008540 1. 008660 1. 008786 1. 008900 1. 009020 1. 009160 1. 009300 1.009450 1. 009590 80 
1. 008995 1. 009121 1. 009247 1. 009373 1. 009499 1. 009646 1. 009793 1. 009951 1. 010099 81 
1. 008450 1. 009582 1. 009714 1. 009846 1. 009978 1. 010132 1.010286 | 1. 010452 | 1. 010608 82 
1. 009905 1. 010043 i 010181 1. 010319 1. 010457 1. 010618 1.010779 | 1. 010953 | 1, 011117 83 
1. 010360 1. 010504 1. 010648 1. 010792 1. 010936 1. 011104 1. 011272 1. 011454 | 1. 011626 84 
1. 010815 1. 610965 1.011115 1. 011265 1. 011415 1.011590 | 1. 011765 1. 011955 1. 012135 85 

1. 011270 1. 011426 1. 011582 1. 011788 1. 011894 1. 012076 1. 012258 1. 012456 1. 012644 86. 
1, 011725 1. 011887 1. 012049 1. 012211 1. 012373 1. 012562 1. 012751 1. 012957 1. 013153 87 
1. 012190 1. 012348 1. 012516 1. 012684 1. 012852 1. 013048 1.013244 | 1, 013458 1, 013662 88 
1. 012635 1. 012809 1. 012983 1. 013157 1. 013331 1. 013534 1.013737 | 1. 013959 1. 014171 89 
1. 013090 1. 013270 1, 013450 1. 013630 1. 013810 1. 014020 1. 014230 | 1. 014460 | 1. 014680 90 
1. 613564 1. 013750 1. 013937 1. 014123 1. 014309 1. 014526 1. 014743 1.014981 | 1. 015209 91 
1. 014038 1. 014230 1. 014424 1. 014616 1. 014808 1. 015032 1.015256 | 1. 015502 | 1. 015738 92 
1. 014612 1. 014710 : 1. 014911 1. 015109 1. 015307 1. 015538 1.015769 | 1. 016023 1. 016267 93 
1. 014986 1. 015190 1. 015398 1. 015602 1. 015806 1. 016044 1. 016282 1. 016544 1. 016796 94 
1. 015460 1. 015670 1. 015885 1. 016095 1. 016305 1. 016550 1. 016795 1. 017065 1. 017325 95 
1. 015934 1. 016150 1. 016372 1. 016588 1. 016804 1. 017056 1. 017308 1. 017586 1. 017854 96 
1. 016408 1. 016680 1. 016859 1. 017081 1. 017303 1. 017562 1, 017821 1. 018107 1. 018383 97 
1. 016882 1. 017110 1. 017346 1. 017574 1. 017802 1. 018068 1. 018334 1. 018628 | 1. 018912 98 
1. 017356 1. 017590 1. 017833 1. 018067 1. 018301 1. 018574 1, 018847 1. 019149 | 1. 019441 99 
1. 017830 1, 018070 1. 018320 1. 018560 1. 018800 1. 019080 1. 019360 1. 019670 1, 019970 100 
1.018324 | 1. 018570 1. 018827 1. 019073 1. 019320 1.019607 | 1. 019894 1. 020212 1. 020520 101 
1.018818 | 1. 019070 1. 019334 1. 019586 1. 019840 1. 020134 | 1. 020428 1. 020754 | 1. 021070 102 
1.019312 | 1. 019570 1. 019841 1. 020099 1. 020360 1. 020661 1. 020962 1.021296 | 1. 0216206 103 
1. 019806 1, 020070 1. 020348 1. 020612 1. 020880 1. 021088 1. 021496 1, 021888 | 1.022170 | 104 
1. 020300 1. 020570 1. 020855 1. 021125 1. 021400 1. 021715 1. 022030 1. 022380 | 1. 022720 105 
1. 020794 1. 021070 1. 021362 1. 021638 1. 021920 1. 022242 1. 022564 1. 022922 1. 023270 106 
1.021288 | 1. 021570 1. 021869 1. 022151 1, 022440 | 1. 022769 1. 023098 1. 023464 1. 023820 107 
1. 021782 1. 022070 1. 022376 | 1. 022664 1. 022960 1. 023296 1. 023632 1. 024006 1. 024370 108 
1. 022276 1. 022570 1. 022883 1. 023177 1. 023480 1. 023823 1. 024166 1. 024548 1. 024920 109 
1. 022770 1. 023070 1. 023390 1. 023690 1, 024000 1. 024350 1. 024700 1. 025090 1. 025470 110 
1. 023284 | 1. 023590 1, 023917 1, 024224 1. 624541 1. 024999 1. 025256 1. 025654 1.026042 | 111 
1. 023798 1. 024110 1, 024444 1. 024758 1. 025082 1. 025448 1. 025812 1. 026218! 1. 026614 112 
1. 024312 | 1. 024630 1. 624971 1. 025292 1. 025623 1. 025997 1, 026368 1. 026782 | 1. 027186 113 
1. 024826 1. 025150 1. 025498 | 1. 025826 | 1. 026164 | 1. 026546 1. 026924 1. 027346 1. 027758 114 
1. 025340 1. 025670 1. 026025 1. 026360 1. 026705 | 1. 027095 | 1. 027480 1. 027910 1. 028330 115 
1. 025854 1. 026190 1. 026552 | ik 026894 1. 027246 1. Q27644 1. 028036 1, 028474 | 1. 028902 | 116 
1. 026368 1. 026710 1. 027079 | 1. 027428 1. 027787 1. 028193 | 1, 028592 1.029088 | 1. 029474 | 117 
1. 026882 1. 027230 1. 027606 | 1. 027962 1. 028328 1. 028742 1. 029148 1. 029602 1. 030046 | 118 
1. 027396 1. 027750 1. 028138 1. 028496 1. 028869 1. 029291 1. 029704 1. 030166 | 1. 030618 119 
1. 027910 1. 028270 1. 028660 1. 029030 | 1. 029410 1. 029840 1. 030260 | 1. 030730 | 1. 081190 120 
1, 028444 1. 028811 1. 029208 1. 029585 1. 029973 1. 030411 1. 030839 1. 031317 1. 0381785 121 
1, 028978 1. 029352 1.029756 | 1.030140 | 1.030536 | 1.030982 | 1.031418 | 1. 031904 1. 032380 | 122 
1. 029512 1. 029893 1. 030304 | 1. 0B0695 1. 031099 1. 081553 1.031997 | 1.032491 | 1. 082975 | 123 
1. 080046 1. 030434 1. 030852 1. 031250 1. 031662 | 1. 032124 1.032576 | 1. 033078 1. 032570 124 
1. 030580 1. 030975 1.031400 | 1. 031805 1. 032225 1. 082695 1.033155 | 1. 033665 1.034165 | 125 
1. 031114 1. 031516 1. 031948 1. 032360 1. 032788 1. 033266 | 1. 083734 1. 034252 1. 034760 / 126 
1. 031648 1. 032057 1. 032496 1. 032915 1. 033351 1. 033837 1.034313 | - 1.034839 1.085855.) | . 127 
1. 032182 1. 032598 1. 033044 1. 033470 1. 033914 1. 084408 ie 034892 1. 035426 ' 1.035950 | 128 
1. 032716 1. 033139 1. 038592 1. 034025 1. 034477 1. 034979 1. 035471 1. 036013 1, 036545 | 129 
1. 033250 1, 033680 1. 034140 1. 034880 1, 035040 1. 035550 1. 036050 1. 036600 1. 637140 | 130 
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TABLES FOR THE RAPID AND EXACT COMPUTATION OF THE NUMBER OF GALLONS CONTAINED 
IN ANY GIVEN WEIGHT OF OIL OR OTHER LIQUID LIGHTER THAN WATER, WITHOUT 
MEASURING OR GAUGING. ; 


ARRANGED WITH SPEOIAL REFERENCE TO THE WANTS OF THE PETROLEUM TRADE. 
By 8. A. Lattimore, A. M., Professor of Chemistry in the University of Rochester, New York. 


INSTRUCTIONS FOR THE USE OF THE TABLES.—Ascertain the net weight of the oil or other fluid by the balance. The gravity is to 
be next accurately ascertained by means of a correct hydrometer, the temperature of the fluid being 60° F. and the line of the scale just 
below the surface being taken. Turn to the page on which that gravity is given. In the first column find the number of pounds. 
Opposite this number, in the column for the proper gravity, will be found the corresponding number of gallons, tenths and hundredths. 
Ifthe exact number of pounds does not occur, take the nearest smaller number, then the number next less than the remainder, and so on, 
until the sum of these several numbers is the exact number of pounds required. 


EXAMPLE. 
In 2,384 pounds of oil of 45° B., how many gallons? 

Gallons. 
2, 000 Pounds Jats see se snte ae eee oe eee ecole meant ec aeenne Siem se Suess saeretasee Secaeet eee 300. 08 
300 poundsz, Peeess. ss Sees eae igs sal see ne a ee aie Steere sacwed samaeelne seas eanee sds eoesles .scte eee 45. 01 
80 pounds’ Soe we. ess sate coe acne coc eee Saas Sone mee aca ee Savackiawcas cor eetocm reel eee eee 12. 00 
A PouUNdS. sea kieted 25, eRe siellswjate vac oe Sebo ise e ate ee elaebc ck we toe pees ecie See co aia ae = rele eee 0. 60 
2,004 POUNAS): alee Selec he se eee Coe ee are bcee a ner Coen cee ee eee ere ene pA SHEIS ca ais See omens ts 357. 69 








An additional series of tables is given embracing the more common gravities of petroleum products and the range of the number of 
gallons ordinarily contained in a single cask. Find the page for the required gravity, and opposite the net weight will be found the exact 
number of gallons contained in the cask. 


DEGREES OF BAUME’S HYDROMETER. 































































































Pounds. | 15°. 16°. 1705 TN 282. 19°, anor YP S18,” | fr aeere hs age. 24°, 25°, 26°. 27°, 28°. 
= bo & | 
Gallons. Gallons. Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. 
1| 0.12 | 0.13 0.13 0.13 0.13 0.18|/ 0.18] 0.18 0.13 0.18; 018] > 0.18 0.14 0.14 
2 | 0. 25 | 0. 25 0. 25 | 0. 25 | 0.26} 0.26 (. 26 0.26| 0.26 0.26, 0.27; 0.27 0.27 0. 27 
3 | 0. 37 | 0. 38 | 0. 38 | 0. 38 0.38 0.39 0.39} 0.39 0.39 0.40, 0.40) 0.40 0. 40 0.41 
4 | 0.50 | 0.50 | 0.50 | 0.51 0.51 0.52 0.52) 0.52) 0,53 0.53 0.53 0. 54 0.54 0. 54 
5 | 0. 62 | 0.63 0. 63 | 0. 63 | 0.64) 0. 64 0.65| 0.65) 0.66) 0.66) 0.66 0. 67 0. 67 0. 68 
| | | 
6 | 0.75 | 0. 76 0.76 | 0.76 | OT) ee age 0.78} 079| 079| 0.80! 080) O8f 0. 81 
7 | 0. 87 0. 88 | 0. 88 | 0.89 | 0. 89 0. 90 0.91| 0.91) 0.92 0.92 0. 93 0.94) 0,94 | 0.95 
8 1.00 | 1.00 | 1.01 | 1. 02 | 1.02} 1.08 D0 fen cL044 0005 tS 1.06 1.07 1.08 1.08 
9 1.12 | 1.13 | 1.13 | 1.14 1.45 Vo S016 Aer CATA LAT nalts 1.20} 1.20 1.20| 1.214 1. 22 
10 | 1. 24 | 1.25 1.26 | er 1.28; 129] 1380| 1.30.) Lal) 183). 1-88.) avadel gas 1.35 
| | | | | | 
20 | 2.49 2. 50 | 2.52 | 2. 54 2.56; 267) 258; 261 2. 62 2. 64 2. 66 2.68, 2.69 2.71 
30 | 3.73 3.76 | 3. 78 | 3.81 3.83 | 3.86 3.88} 3.91 3.94 3. 96 3.99 4.01) 4.04 | 4. 06 
40 | 4.97 | 5.01 | 5. 04 | 5. 08 | Bat | en ts |. 18 Aner oe 2k 5.25] 5.28 5&81| 5.35) 5.88) 5.42 
50 6. 22 | 6.26 6.30 6.34 6.39) 6438) 476.588 6.56 6.60 664) 669) 673) 6.77 
60 | 7.46 7. 51 | 7. 56 | 7.61 | 7. 67 7.72 TAT | O82) BT 7.92| 7.97 803} 8.08 8.13 
| | | | | | 
70 70 8.76 8, 82 | 8. 88 | 8.94; 900) 906) 912 9.18 9. 24 9.30) 9.36 9, 42 9. 48 
80 | 9.95 | 10. 01 10. 08 | 10. 15 10. 22 10. 29 10.36 10.43 10.49| 10.56| 10.63} 10.70 10.77 10. 84 
90 | 11.19 11. 27 | 11. 34 | 11.42} 11.50 11. 58 11. 65 11.73 | 11.81 11.98 | 11.96) 12.04 12. 12 12.19 
100 | 12. 43 12, 52 | 12. 61 12.69| 12.78 12. 86 12.95{ 13.08] 18.12 13. 21 13.29 | 18.38 13. 46 13. 55 
200 | 24. 87 25. 04 | 25. 21 25.38) 25.55 | 25.72 | 25. 84 26.07 26.24| 26.41 26. 57 26. 75 26. 92 27.10 
300. 37. 30 37. 55 | 37. 81 38. 07 38.33} 38.58|  3884| 39.10 39. 36 39. 62 39.86} 40.13 40. 38 40. 64 
400 | 49.73 30. 07 | 50. 42 | 50. 76 51.11 51.45 | 51.79 52, 13 52. 47 52. 82 53.15 53. 50 53. 85 54.19 
500 | 62.16 | 62. 59 | 63. 02 63.45 63.88} 64.31 64. 74 65. 16 65.59 | 66. 08 66, 45 66.88 | 67.30 67. 74 
1,000} 124.32 125.18} 126.05 126, 90 127.76 | 128.61) 129.47] 180.33; 181.18] 132.05| 182.87] 183.76| 134.61 135. 48 
2,000} 248. 65 250.36 | 252.09}  258.80| 255.53 | 257.22 | 258.94 | 260.66] 262,.37| 264.10| 265.73 | 267.52) 269,22 270. 96 
3,000}  372.97| 375,54 378. 18 380. 69 383.29 | 385.84 | 388.42) 390.99! 393.55) 396.15 | 398.60| 401.28] 403.83 406. 43 
4,000} 497. 29 500. 71 504. 18 507. 59 511.05 | 514.45] 517.89| 521.31 | 524.73] 52820] 531.47) 535.03) 538.45 541. 91 
5,000) 621.61 | — 625.89 630.23 | 634. 49 638.81 | 643.06 | 647.36 | 651.64 655.92 | 660.25 | 664.34! 668.79 | 673.06 677. 39 
10,000 | 1,243.22} 1,251.78 | 1,260.46 1,268.99 | 1,277.63 | 1,286.12 | 1,294.72 | 1,303.29 | 1,311.84 | 1,320.50 | 1,328.67 | 1. 337.58 | 1,346.11 | 1,354.78 
20,000} 2,486.45 | 2,503.57} 2,520.92 | 2,537.97 | 2,555.26 | 2,572.24 | 2, 589. 43 | 2, 606. 58 | 2, 623, 67 | 2, 641.00 | 2, 657.35 | 2,675.15 | 2,692.22 | 2, 709,56 
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29°, 30°, | 319. 32°, 38°, 34°. 35°. ) 36°. 87° 38°, 39°. 40°. 41°, 420, 
| 

Gallons. Gallons. | Gallons. Gallons. Gallons. | Gallons. | Gallons. | Gallons. | Gallons. Gallons. | Gallons. | Gallons. | Gallons. | Gallons. 
0.14 0.14 | 0.14 0.14 | 0.14 0.14] 0.14) 0.14 0.14| 0.14 0.14 0.15 | 0.15 | 0.15 
0,27 | 0.27 | 0. 28 0. 28 0, 28 0.28) 0.28/ 0.28|/° 0.29; 029; 0.29 0. 29 Q, 29 | 0. 29 
0. 41 0.41 | 0. 41 0. 42 0. 42 0. 42 | 0. 43 0. 43 0. 43 0. 43 0. 43 0, 44 0, 44 | 0. 44 
0. 55 0. 55 0. 56 0. 56 | 0. 56 | 0. 56 0. 57 0. 57 0. 57 0. 58 0. 58 0. 58 0.59 | 0. 59 
0. 68 0.69, + 0.69 0. 69 | 0.70} 0.70 0.71 0.71 0.72 0.72 0.72] 0.78 0.73 | 0.74 

| | 
0. 82 0. 82 | 0. 83 0. 88 0. 84 | 0, 84 0. 85 0. 85 0. 86 0. 86 0. 87 0. 88 0. 88 | 0. 89 
0. 95 0. 96 0. 97 0. 97 | 0. 98 | 0. 98 0. 99 | 1. 00 1.00 1.01 1, 01 1, 02 1. 03 1. 03 
1.09 | 1.10 | 1.10 vege itt 1: 12, | 1.13 1.138 1,14 1.15 LaLD: 1.16 iY ns 1 a 1.18 
1, 23 | 1.24 1. 24 125 1. 26 1. 27 1, 27 1. 28 1.29 1.30 1.30 | 1, 30 | 1.32 | 1. 33 
1. 36 | 1.87 | 1. 38 1.39 | 1.40 1. 40 1.41 1. 42 1. 43 1, 44 1.45 1. 46 | 1. 47 | 1.47 
2.73 | 2.74 2. 76 2.78 | 2.80; 281 2. 83 2. 85 2. 87 2, 88 2.90! 2.92] 2.93 | 2.95 
4.09 4.12 4.14 4.17 4.19 4, 22 4, 25 4, 27 4,30 4, 32 4.35 | 4.37 | 4.40 4,42 
5.45 | 5. 49 5. 52 5.56 | 5. 59 5. 63 5. 66 5. 69 5.73 5. 76 5. 80 | 5. 83 5. 86 5. 90 
6. 82 6. 86 6, 90 6. 94 | 6. 99 7.03 | 7. 07 | 7.12 7.16 7.20 7.24 | 7.29 7. 33 7. 37 
8.18 8. 23 8. 28 8. 33 8.39 | 8. 44 | 8. 49 | 8. 54 8. 60 8. 64 8. 69 | 8.75 8. 80 8.85 
| | | | 
9. 53 | 9. 60 9. 66 | 9.72 9.78 | 9. 84 9.91 | 9, 96 10. 03 10. 08 10, 14 10, 20 10. 26 10. 32 
10. 91 10. 97 11, 04 at 11.18 11. 25 11. 33 | 11. 39 11. 46 | 11, 52 11, 59 11. 66 11.73 11. 80 
12. 27 12. 35 12. 42 12. 50 | 12. 58 12. 66 12. 73 12. 81 12. 89 | 12. 96 13. 04 | 13. 12 18. 20 13. 27 
18. 63 13. 72 13. 20 13. 89 13. 98 | 14. 06 | 14. 15 | 14, 23 14. 33 14, 40 14. 49 | 14. 58 14. 66 14. 75 
27.27 27. 44 | 27. 61 27.78 27.95 | 28. 12 28. 30 | 28. 47 28. 65 28. 81 28. 98 | 29. 16 29. 32 29. 50 
40. 90 41.15 41. 42 | 41. 67 41. 93 | 42.19 | 42, 45 42. 70 | 42. 98 43. 21 43. 46 43.73 43. 98 44. 24 
54.53 | 54. 87 55. 22 55. 56 | 55. 91 | 56. 25 | 56. 60 56. 93 | 57. 30 57. 62 57. 95 | 58. 31 58. 65 58. 99 
68. 16 68. 59 69. 02 69. 45 69. 88 70. 81 70. 74 Tatra 71. 63 | 72. 02 72. 44 | 72. 89 72. 31 73. 74 
136, 33 137.18 138. 05 138. 91 139. 77 | 140, 62 141.48 | 142.34 1438. 26 144. 04 144, 88 145. 77 146. 61 147. 48 
272. 65 274. 36 | 276.10 | 277. 81 | 279. 54 281.24 | 282.97 284.67 | 286.51 288. 09 289.76 | 291. 55 293. 23 294. 96 
| 
408. 97 411. 54 414, 14 | 416.71 | 419. 30 421.87 | 424.44 | 427. 02 | 429.78 | 432.12 434, 64 437. 31 439. 84 | 442. 44 
545, 30 548. 72 | 552. 19 555. 62 | 559. 07 562. 49 565.92 | 569.36) 573.04) 576.16 579.52 | 583.09 586. 46 589. 92 
681. 63 685. 90 | 690. 24 694. 52 | 698.84 | 703.11 707.41 | 711. 68 | 716.29 | 720. 24 724, 41 | 728. 86 733. 07 737. 40 
1, 363. 25 1, 371. 81 1, 380. 49 1, 389. 05 ¢ 1, 397. 68 ; 1,406. 21 | 1, 414. 83 | 1, 423. 36 | 1, 4382.58 | 1, 440.47 | 1,448.81 | 1,457.73 | 1,466.15 | 1, 474. 80 
2, 726. 50 2, 743. 63 2, 760. 98 2, 778. 10 | 2, 795. 36 | 2, 812.42 | 2, 829.65 | 2, 846.73 | 2, 865.16 | 2, 880. 93 | 2, 897. 63 | 2,915. 45 | 2,932.29 | 2,949. 59 
43°, 44°, 45°, 46°, 47°. 48°. 49°. 50°. | DICT eee ose. 53°. 54°. 55°. 56°. 

me om weet . a 

Gallons. Gallons. Gallons. Gallons. Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. | Gallons. 
0.15 0.15 0.15 | 0.15 0.15 0.15 0.15 0.15 0.16 0.16 0. 16 0. 16 0.16 0.16 
0. 30 0.30 | | 0. 30 0. 30 0. 30 0. 31 0. 31 0. 31 0. 31 0, 81 0.31 0. 32 0. 32 0. 32 
0. 45 0. 45 0.45 0. 45 0. 46 0. 46 0. 46 0. 46 0. 47 0. 47 0. 47 0. 47 0. 48 0, 48 
0. 59 0.60 | 0. 60 | 0. 60 0. 61 0. 61 0. 61 0. 62 0. 62 | 0. 62 0. 63 0. 63 0. 64 0. 64 
0. 74 0.75 | 0.75 | 0. 76 0. 76 | 0. 76 0.77 0.77 0.78 | 0. 78 0. 79 0. 79 0.79 0. 80 
0. 89 0. 89 | 0.90 | 0. 91 0.91 0. 92 0. 92 0. 93 0. 93 | 0. 94 0. 94 0. 95 0. 95 0. 96 
1. 04 1. 04 | 1. 05 | 1. 06 1. 06 1.07 1. 07 1. 08 1,09 1.09 1.10 1,10 Deki 1.12 
1.19 1.19 1. 20 20 1,21 1, 22 1. 23 1. 24 1, 24 1, 25 1, 26 1. 26 1.27 1, 28 
1. 34 1.34 1.35 | 1. 36 1. 37 1. 37 1. 38 | 1.39 1. 40 1.40 1,41 1, 42 1, 43 1.44 
1.48 1. 49 | 1, 50 1.51 1. 52 1. 53 | 1. 538 1. 54 1.55 | 1. 56 1. &7 1. 58 1.59 1.59 

\ | 
2. 97 2. 98 3. 00 3. 02 3. 04 3. 05 | 3.07 3. 09 3.10 | 3.12 3.14 | 3.16 3.17 3.19 
4.45 4.47 | 4.50 | 4. 53 4. 55 4,58 4. 60 4. 63 4. 66 | 4. 68 4.71 4.73 4. 76 4.78 
5. 93 5. 96 6.00 | 6. 04 6. 07 6. 11 | 6.14 6.17 | 6 21 6, 24 6. 28 6. 31 6. 35 6. 38 
7.41 7. 45 7..50 4 7, 55 7.59 7. 63 7. 67 7. 72 7.76 | 7. 80 7. 85 7.89 7.93 7.97 
8. 90 8. 94 9, 00 9. 05 9.11 9. 16 9, 21 9. 26 | 9. 31 9, 36 9, 41 9. 47 9. 52 9. 57 
| | 
10. 38 10. 43 | 10. 50 10. 56 | 10. 62 10. 68 | 10. 74 10. 80 | 10. 86 10. 92 10. 98 11. 04 11.10 11.16 
11, 87 | 11. 92 12. 00 12. 07 12.14 12. 21 12. 28 12. 35 12. 42 12. 48 12, 55 12. 62 12. 69 12. 76 
13.35 13. 41 13, 50 13. 59 13. 66 13. 74 13. 81 13. 89 | 18. 97 14, 04 14.12 14. 20 14, 28 14, 35 
14. 83 14, 91 15. 00 15. 09 15. 18 15. 26 | 15. 35 | 15. 43 | 15. 52 } 15. 61 15. 69 15. 78 15. 86 15. 95 
29. 67 29. 81 30. 00 30.18 80. 36 30. 52 80. 70 30. 87 | 31. 04 31. 21 31. 38 | 31. 56 31.73 31. 90 
44. 50 44. 72 45.01 | 45. 27 45. 53 45. 79 46. 04 46. 30 | 46. 56 46. 82 47.07 | 47. 33 47.59 47. 85 
59. 34 59. 62 60. 02 | 60. 36 | 60. 71 | 61. 05 61. 39 | 61. 74 62. 08 | 62, 42 62. 76 | 63.11 63. 45 63. 80 
74.17 74. 53 75. 02 75. 45 75. 88 76. 31 76. 74 CHEN E / 77. 60 | 78. 03 78. 45 78. 89 79. 31 ‘ 79. 75 
148. 34 149. 05 150. 04 150. 91 151. 77 152. 62 163. 48 154. 384 |“ 155. 20 156. 05 | 156. 91 157. 77 158. 63 159. 49 
296. 67 298. 11 300. 08 301. 82 | 303. 56 305. 24 306. 95 308. 69 310.40 | 312.10} 313.81 | 315. 55 317. 25 318, 98 
| | | \ ! | | 

445. 02 447.16 450. 13 | 452. 73 | 455. 30 457. 85 460. 43 463. 03 465. 60 468. 15 |} 470. 72} 473.32 475. 88 478. 47 
593. 35 596.22 | 600. 17 | 603,64 | 607.07} 610.47 | 613.91 | 617.38 | 620.80 | 624.20} 627.63 | 631.09| 634.51 637. 96 
741. 69 745, 27 750. 21 | 754, 55 758.84 | 763.09 | 767. 38 771. 72 776. 01 | 780, 25 784, 54 788. 87 793. 13 797.45 
1, 483. 37 1, 490. 58 1, 500. 42 1,509.09 | 1,517.68 | 1,526.18 | 1,534.75 | 1, 543.45 | 1,552.02 | 1,560.50 | 1,569.07 | 1,577.74 | 1,586.27 | 1,594. 90 
2, 966. 74 2, 981. 07 | 38, 000, 84 8, 018. 18 8, 035. 56 | 3,052.36 | 3, 069.51 | 3, 086.90 | 3,104.05 | 3,121.00 | 3,188.14 | 3,155.47 | 3, 172. 53 3, 189. 79 
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Gallons. 
0.16 | 
0. 32 
0. 48 
0. 64 
0. 80 


96 
12 
28 
44 
. 60 


Saat at pa 


POH 2 Rw 





Se) 
Ns 
So 
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160. 
320. 


481. 03 
641. 37 
801. 72 | 

1, 603. 44 

3, 206. 87 





























































































































58°. 59°, 60°. | 61°. 520. 63°, 649. 65°, 70°. 

Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. | Gallons. 
0.16, 0. 16 0.16 0. 16 0.17 0.17 0.17 0.17 0.17 0.18 
0. 32 0. 32 0, 32 0. 33 0. 33 0. 33 0. 33 0. 38 0. 34 0. 35 
6. 48 0.49 0.49 0.49 0.49 0. 50 0. 50 0. 50 0. 51 0. 53 
0. 65 0. 65 | 0. 65 0. 66 0. 66 0. 66 0. 67 0. 67 0. 69 0.70 
0. 81 0.81 | 0, 82 0. 82 0. 82 0. 83 0. 83 0.84 |, 0. 86 0. 88 
0.97 | 0.97 | 0. 98 0. 98 0.99 1. 00 1.00 1.00 1.03 1. 66 
1.13 1.13 1.14 1,15 1.15 1.16 1.16 or 1.20 | 1, 28 
1,29 1.30 1.30 1.31 1.31 1, 82 1.33 1.34 1.37 1.41 
1.45 1.46 1.47 1.47 1.48 1.49 1.50 1.50 1, 54 1,58 
1.61 | 1. 62 | 1. 63 1. 64 1. 65 1. 65 1.66 1. 67 ~1.72 1.76 | 

\ 
3.22 3.24 3, 24 | 3. 28 3.29 3.31 3. 33 3. 34 3.43 3. 52 
4, 84 | 4. 86 4. 89 | 4, 91 4.94 4. 96 4.99 5. 02 5.14 5. 28 
6.45 | 6.48 | 6. 52 6. 55 6.59; 6.62 6. 65 6. 69 6. 86 7. 08 
8. 06 8.10 | 8.15 8.19 8. 23 8.27 8. 32 | 8. 36 8.67.) |) (Bone 
9. 67 | 9.72 | 9.77 | 9. 83 | 9. 88 9 93 9. 99 10. 03 10. 29 10. 55 
11. 28 | 11.34 | 11. 40 | 11. 46 11.53 | 11.58 | 11. 64 11. 69 12. 00 12. 31 
12.90 | 12. 96 13. 03 13. 10 13. 16 13. 24 13.31 | 13. 38 13,72 14.07 
14. 51 | 14, 58 14. 66 14. 74 14, 82 14,89 | 14. 97 | 15. 05 15.43} 15.88 
16, 12 | 16. 21 16. 29 16. 38 16. 47 16. 55 16. 64 | 16.72 17.15 17.59 
32. 24 32. 41 | 32. 58 32. 76 32. 93 33. 10 33. 27 33. 44 34. 30 35.17 
| | 
48, 36 | 48.61 48. 87 | 49. 13 | 49. 40 49. 65 | 49. 90 50. 16 51. 44 52. 76 
64. 48 64. 82 | 65. 16 65.51 65. 86 66. 20 66. 54 66. 88 68.59 70.34 
80. 60 81. 03 | 81. 46 | 81. 89 | 82. 33 82.75 83.17 83. 60 85.74 | 87.98 
161.21; 162.05 162. 91 163. 78 164. 66 165. 49 | 166. 35 | 167. 20 171.48 | 175.86 
322. 41 | 324.11 323.82 | 827.56 | 329.31 | 330.99 332. 69 | 334.40) 342.95) 351.72 
| | | ) 
483.60 | 486.16 | 488.73 491. 34 493. 97 496. 48 499. 03 510. 60 514.43 | 527.58 
644.82 | 648.21 | G51. 64 655. 11 658. 62 661. 98 665. 38 668, 81 685.91 | 703.44 
806.02; 810.27 814. 56 818. 89 823. 28 827. 47 831.73 836. 01 857.38 | 879. 30 
1, 612. 05 | 1,620.54! 1,620.12] 1,637.79 | 1,646.55 1,654.94] 1,663.45| 1,672.02 1,714.77 | 1,758.59 
3, 224. 09 | 3,241.07 | 3,298.24 | 3,275.57] 3, 293. 10) 3,309.88] 3,826.90 | 3,344.03 3, 429. 53 | 3, 517.18 
| i | 
TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL. 
15° GRAVITY. 
] { | ii \ ; | 
| Pounds. | Gallons. | Pounds. | Gallons. _ Pounds. | Gallons. | Pounds | Gallons. 1 Pounds. Gallons. 
238 | 35.8 | 318 39.5 348; 43.8 | arg 47.0 | 408 50.7 
239 | 35.9 || 319 | 39.7 || ~ 349 43.4 || 379 47.1 | 409 50.9 
290 36.1 320 39.8 || 350 | 43.5 || 880 47.3. | 410 51.0 
291 36, 2 321 39.9 || 351 43.6 381 47.4 411 51.1 
292 36.3 322 40.0 || 352 43.8 382 47.5 412 51.2 
293 36.4 | 323 40.2 | 358 43.9 || 383 | 47.6 Pye ne 
294 36.6 || 324 40.3 || 354 44.0 384 47.8 | 414 51.5 
295 36.7 325 40.4 || 355 44.1 385 47.9 || 415 51.6 
296 36.8 326 | 405 || 356 44.3 386 48.0 | 416 51.7 
297 36.9 |} 327 | 40.7 | 887 44.4 || 887 | 481 417 51.8 
298 37.1 328 | 40.8 || 358 44.5 || 388 | 48,3 | 418 52.0 
299 37.2 329 40.9 359 | 44.6 389 48.4 || 419 | 82.1 
300 37.3 330 41.0 360 44.8 || 390 48.5 || 420 | 52.2 
301, 37.4 331 41,2 361, 44.9 301 48.6 || 421 52.3 
302 87.6 | 332 | 41.3 | 362 | 45.0 || 392 48.7 10) eae 52.5 
303 37.7 || 933 | 414 || . 868 | 45.1 | 393 | 48.9 || 428 52.6 
B04 | 487.8 yp e884 Vat ot ees 45.3 || 394 ; 49.0 || 424 52.7 
305 | 87.9 885 | r4L7 || 365 | 45.4 |) / 895 49.1 || 425 52.8 
306 38.1 || 336 | 41:8 366 | 45.5 || 396 49.2 || | 426.) 58.0 
so7 | 302 || aa7 | 419 | 367 | 456 397 49.4 |] 427 | 58.1 
308 | 383 || 338 | 42.0 368 45.8 | 398 49.5 || 42 58. 2 
309 | 38.4 | 339 42. 2 369 | 45.9 || 399 49.6 || 429 53.3 
310 | 38.5 |} 340 | 428 370 | 46.0 400 49.7 430 53.5 
811 | 387 341 | 42.4) 871 | 46.1 401 49.9 431 53.6 
312 | 38.8 342 42.5 372 46.3 402 60.0 | 432 53.7 
313 | 38.9 343 | 42.6 373 46.4 | 408 50.1 || 438 53. 8 
314 39.0 344 | 42.8 374 46.5 404 50.2 |) 434 53.9 
| = 815 39.2 345 | 42.9 375 46.6 405 50.4 || 435 54.0 
| 316 39.3 346 | 43.0 376 46.8 406 50.5 436 64.2 
| 317 39.4 347 43.1 377 46.9 407 50. 6 437 54.3 





75°. 80°. | 85°. 


Gallons. | Gallons. 





0.18 0.18 
0. 86 0. 37 

0. 54 0.55 
0.72 0. 74 
0.99 0.92 

1. 08 1.11 
1.26 1.29 
1.44 1.48 

1. 62 | 1. 66 
1.80 | 1. 84 

3. 60 3. 69 

5. 40 5. 53 

7. 20 7. 37 

9. 00 9. 22 

10. 80 | 11. 06 
12. 60 | 12. 90 
14.41 | 14.75 
16. 21 16. 59 
18. 01 18. 44 
36. 01 | 36. 87 
54. 02 55. 31 
72. 08 73. 74 
90. 04 92. 18 
180.07 | 184.36 
360. 14 368. TL 
540. 21 553. 06 
720, 28 737. 42 
900. 35 921.77 
1,800.70 | 1,843.55 
3,601.40 | 3, 687. 11 
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20° GRAVITY. 














Pounds. Gsipea| | Pounds.'| Gallons. | Pounds. | / Gallons. a Pounds. | Gallons. || Pounds. Gallons. 
| —| | | : -| | 
280 36.0 || 310 39.9 340 43.7 370 47.6 | 400 | 51.5 
281 36.1 |] 311 40.0 || 341 43. 9 371 47.7 401 51.6 
282 36.3 312 40.1 || 342 44.0 | 372 47:8 | 402 51.7 
283 36.4 | 313 40.3 343 44.1 || 373 48.0 |! 403 51.8 
284 36.5 || 314 40.4 344 44,3 374 48.1 || 404 52.0 
285 36.7 || 315 40.5 345 44.4 |) 375 48.2 | 405 52.1 
286 36.8 316 40.6 346 44.5 376 48.4 || 406 52. 2 
287 36.9 || 317 40.8 347 44.6 | 377 48.5 || 407 52.4 
288 37.0 318 40.9 348 | 44.8 378 48.6 408 52. 5 
280 37.2 || 319 41.0 349 | 44.9 379 48.7 409 52.6 
290 37.3 || 320 41.2 350 | 45.0 380 48,9 || 410 52.7 
291 37.4 321 41.3 351 45,1 381 49.0 || 411 52.9 
292 37.6 | 322 41.4 352 45,3 382 49.1 412 53.0 
293 37.7 |) 323 41.5 358 45.4 383 49. 3 413 53.1 
294 37.8 | 324; 41.7 | 354 | = 45.5 384 49.4 || 414 53. 3 
295 | 37.9 | 325 41.8 || 355, 45.7 385 49.5 || 415 | 53.4 
296 38.1 || 326 41.9 356 | 45.8 386 49.6 416 | 53.5 
O77) | 88.2) 327 42.1 357 45.9 387 49. 8 417 53.6 
208 | 38.3 | 328 42.2 358 46. 0 388 49. 9 418 53.8 
299 38.5 | 329 | 42.3 359 46, 2 389 50.0 419 53.9 
300 38.6 | 330 | 42.4 360 | 46,3 390 50.2 420 54.0 
301 38.7 | 331 42.6 361 46. 4 391 50.3 || 421 | 54.2 
302 38.8 | 332 42.7 362 46. 6 392 50.4 || 422 | 54.3 
sus | 39.0 || 333 | 42.8 363 46.7 393 50.6 || 423 | 84.4 
304 39.1 |; 334 | 43.0 || 364 46.8 || 394 50.7 424 54, 5 
305 39.2 | 335 | 48.1 || 365 46.9 395 50.8 425 54.7 
306 39.4 || 336 43.2 || 366 | 47.1 396 50. 9 426 | 54.8 
307 39.5 || S37 ah aaeS Bia | YAS 397 51.1 427 54.9 
308 39.6 | 338 43.5 || 368 47.3 398 51.2 428 55.1 
309 39.7 || 339 43.6 | 369 47.5 399 51.3 429 55.2 
21° GRAVITY. 
278 | 35.9 | 308 | 39.9 } 338 43. 8 368 47.7 398 51.5 
279 36.1 | 309 | = 40.0 339 43.9 369 47.8 399 Siar 
280 36.2 || 310 | 40.1 340 44, 0 370 47.9 400 51.8 
281 36.3 || 311 | 40.3 341 44.2 371 48.0 401 51.9 
282 36.5 || 312 | 40.4 || 342 44,3 372 48.2 402 | 521 
283 36.6 | 318 | . 40.5 || 343 44.4 373 48.3 403 52.2 
284 36.7 || 314 | 40.7 || 344 44.5 374 48. 4 404 52.3 
285 36.9 | 315 | 40.8 345 44.7 375 48. 6 405 52.4 
286 37.0 | 316 | 40.9 346 | 44.8 376 48.7 406 | 52.6 
287 37.1 || 317 | 41.1 347 44.9 377 48.8 407 52.7, 
288 37.2 || 318 | 41.2 | 348 45.1 378 48. 9 408 52.8 
289 87.4 |i 319 | 41.3 349 45.2 379 49.1 409 | 53.0 
290 87.5 | 320 | 41.4 350 45,3 380 49. 2 410 53.1 
291 37.6 || 321 | 41.6 351 45.4 381 49, 3 411 53. 2 
292 37.8 |i Soma ley 352 | 45.6 382 49.5 412 53. 4 
293 37.9 | 323 | 41.8 ||] 353 45.7 383 49. 6 413 53.5 
294 38.0 | 324 41.9 || 354 | 45.8 384 49.7 414 53. 6 
295 38.1 H 325 42.1 |) 855 | 46.0 385 49, 9 415, 53.7 
296 38.3 || SG ba) 356 | 46.1 386 50. 0 416 53.9 
207 | 384 | 327 42.3 || 357 46. 2 387 50.1 417 | 54.0 
298 38.5. || 32 42.5 || 358 46. 4 388 50.2 418 54.1 
299 38.7 329 42.6 || 359 46.5 389 50. 4 419 54.3 
300 | 38.8 | 330 | 42.7 | 360 46. 6 390 50.5 420 54.4 
301 39.0 || 881 | 42.9 |! 361 46.7 391 50. 6 421 54.5 
302 39.1 332 43. 0 | 362 46.9 392 50.8 422 54. 6 
303 39. 2 333 43.1 || 363 47.0 393 50.9 423 54.8 
304 39. 4 334 43. 2 364 47.1 394 51.0 424 54.9 
305 39.5 335 43.4 || 365 47.3 395 1.1 425 55. 0 
306 39. 6 336 43.5 366 47.4 396 51.3 426 55.2 
807 39.8 337 43.6 367 47.5 397 51.4 427 55.8 
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PRODUCTION OF PETROLEUM. 


TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continued. 
229 GRAVITY. 




































































Pounds. | Gallons. } Pounds. | Gallons. || Pounds. | Gallons. | Pounds. | Gallons. || Pounds. | Gallons. 
i | 
i joie, DS 2.23 St Ree laiad ee ile 
275 | 35.8 || 305 39.8 | 335 43.7 | 365 47.6 || 395 51.5 
276 | 36.0 | 306 | 39.9 | 336 43.8 | 366 47.7 396 51.6 
277 | 86.1 307 40.0 | 337 | 43.9 | 367 47.8 | 397 51.7 
278 36.2 || 308 | 40.1 | 338 44.1 368 48.0 | 398 51.9 
279 36.4 || 309 | 40.9 | 339 44,2 | 369 48,1 399 52.0 
280 36.5 310 40.4 | 340 44.3 | 370 48.2 400 52.1 
281 36. 6 311 | 40.5 | 341 44.4 | 371 48. 4 401 52.3 
2g2 | 36.8 312 40.7 342 | 44.6 372 48.5 402 52.4 
283 36.9 | 313 40.8 343 44.7 878 | 48.6 403 52.5 
| "984,11 87.0 314 | 40.9 || 344 44.8 374 | 487 || 404 | 527 
285 | 97.2 || 815 | 41.1 || 845 450 || 3875 | 489 || 405 | 528 
286 37.3 sie | 41.2 | 346 45.1 || 376 49.0 | 406 | 52.9 
287 | 37.4 a17 | 41.3 347 45.2 || 377 49.1 || -) 407 | 58.0 
288 | 37.5 318 | 41.4 | 348 45.4 | 378. | 43.8 | = tos || B82 
289 | 87.7 |] SIO Mies ING ih 349 45.5 I 379 | 49.4 || 409 53.3 | 
He tabo *| RBS oi hcargen Sih rat 94 350 45.6 || 380 | 49.5 410 53. 4 
291 | 37.9 | 301 | 418 | 5) | 5 Co 411 53.6 
293 e/Bal 4 3,32 ie 0 352 45.9 | 382 49.8 412 53.7 
293 | 382 | 328 | 42.1 353 46.0 || 383 49.9 | 413 53.8 
094 | 383 || 324 | 42.2 354 46.1 | 384 | 50.1 | 414 54. 0 
295 | 385 || 325 | 424 355 46.3 | 385 | 50.2 415 54.1 
296 | 386 326 | 42.5 356 46.4 336 | 50.3 | 416 54.2 
297 | 387 327 | 42.6 357 46.5 | 387 | 50.4 | 417 54.3 
396) PBB i Bes era B 358 46.7 388 | 50.6 418 54.5 
209 | 39.0 || 329 | 42.9 359 46.8 | gs | 50.7 | 419 54.6 
300 | 391 || 330 | 43.0 360 46.9 | 390 ~—s-550.8 420 54.7 
S01 8a.8 lees as 361 47.1 | 391 51.0 421 54.9 
302 39.4 1 332 | 43.3 | 362 47.2 | 392 51.1 422 55. 0 
303 -39.5 |) 838 | 48. 4 363 47.3 393 51.2 423 55.1 
304 39.6 | 334 | 43.5 364 47.4 | 394 51.4 424 55.3 




















239 GRAVITY. 






























































274 36.0 || 304 | 99.9 334 43.8 364 47.8 394 51.7 
275 36.1 || 305 | 40.0 335 | ° 44.0 | 365 47.9 395 51.8 
276 36.2 || 306 | 402 336 | 44.1 | 366 48.0 | 396 52.0 
277 36.3 || 307 | 40.3 337 44.2 367 48, 2 397 52.1 
278 36.5 | 308 | 40.4 338 44.4 368° | 483 | 398 52.2 
279 266 it F809. hs aos! 339 44.5 369 48. 4 399 52.4 
230 | 36.7 | 310 | 40.7 340 44.6 370 48.5 400 52. 5 
281 36.9 || 311 | 408 341 44.7 371 48.7 401 52. 6 
282 | 87.0 | 312 | 40.9 342 44.9 372 48.8 402 52.7 
288 | 97.1 | a8 41.1 343 45.0 373 48.9 | 403 52.9 
284 | 37.3 || aid 41.2 344 45.1 374 | 49.1 | 404 | 53.0 
285 37.4 || 315 | 413 345 45.3 375 49.2 | 405 | 531 
286 | 37.5 || 316 | 415 || 346 | 45,4 376 49.3 | 406 | 53.3 
2e7 | 87.7 | = BIT |S 41.6 | 847 45.5 377 49.5 407 53.4 
288 | 37.8 || 318 41.7 || 348 45.7 378 49. 6 408 | 53.5 | 
289 37.9 || 319 | 419 || 349 45.8 379 49.7 409 53.7 
290 33.1 | 320 2.0 | 350 45.9 380 49. 9 410 53.8 
‘g01 | «382 | aan 421 | 351 | 46.1 381 50. 0 411 53.9 
992 |. 383 | 9322] 42:2 | 52 46.2 || 382 50.1 412 54,1 
293 38. 4 328 42.4 353 46.3 383 50.2 413 54.2 
294 | 38.6 324 42.5 354 46.5 384 50.4 | 444 54. 3 
295 | 38.7 | 325 42. 6 355 46.6 385 50.5 415 54. 4 
296 38.8 | 326 42.8 356 46.7 386 50.6 || 416 54.6 
207 | $9.0 || 327 | 420 1 “ss7 46.8 387 50.8 || 417 54.7 
298 39.1 | 328 43.0 358 47.0 388 50. 9 418 54,8 
299 39.2 | 329 43. 2 359 47.1 389 51.0 || 419 55.0 
300 | 39. 4 330 43.3 360 47.2 390 51.2 420 55.1 
301 39.5 331 43.4 361 47.4 391 51.3 421 55.2 
302 39. 6 332 43.6 362 47.5 392 51.4 422 55.4 


303 89. 8 833 43.7 363 47.6 393 51.6 423 55.5 
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24° GRAVITY. 























Gallons. 























Pounds. 











Pounds. | Gallons. || Pounds. Pounds. | Gallons. 
a} | 1 we eas wa 
272 | ° 35.9 | 302 39.9 332 43. 8 362 
273 36.1 308 40.0 333 44.0 | 363 
274 | «36.2 | 304 | 40.2 || 334 44.1 364 
275 | 36.8 805 | 40.3 | 335 44.2 365 
276 36.4 306 40.4 || 336 44.4 366 
277 | 36.6 307 | 40.5 || 387 44.5 367 
278 | 36.7 308 40.7 || 388 44.6 368 
279 36.9 309 40.8 | 339 44.8 369 
280 37.0 || 810 40.9 || 340 44.9 370 
281 87.1 || all 41.1 |) 341 45.0 || 371 
282 37. 2 312 1.2 | + 90 45.2 372 
283 37.4 818, |) 41.8 |] 343 45.3 373 
| 284 87.5 314 41% || 344 45.4 374 
285 87.6 || 815 | 41.6 | 345 | 45.6 375 
236 | 37.8 || 316 41.7 | 346 45.7 || 376 
287 37.9 317 41.9 | 347 45.8 377 
288 38.0 || 318 | 420 || 348 46. 0 378 
289 38.2 || S19)) 42.1. f} 349 46.1 379. 
290 38. 3 a20 | 942.3 || 350 46.2 380 
| 291 38. 4 321 42.4 || 351 46.4 381 
292 38.6 322 42. 5 352 46.5 382 
293 38.7 323 | 42.7 353 46.6 383 
204 | 38.8 324 42. 8 354 46. 8 384 
295 | 39.0 325 | 42.9 355 46.9 385 
206 | 39.1 | 326 | 43.1 | 356 47.0 386 
297 39. 2 oy ae eae a 357 47.1 387 
| 298 | 30.4 | 329 | 433 | 958! 473 388 
299 39.5 || 329 | 43.5 | 359 47.4 389 
300 89.6 | 330 | 43.6 | 360 47.5 390 
301 | 39.8 331 | 43.7 || 361 47.7 391 
25° GRAVITY. 
on | 36.0 | 301 | 40.0 || 381 44.0 361 
272 | 36.1 | 302 40.1 || 382 44.1 | 362 
273 | 36.8 | 303 40.38 || 383 44.3 | 363 
274 36.4 | 304 40.4 334 44.4 364 
275 36.5 || 305 40.5 335 44.5 365 
276 36.7 || 306 40.7 336 44.7 366 
277 | 36.8 307 | 40.8 337 44,8 367 
278 | 369 || 308 40.9 || 338 44.9 368 
o79 | . 37.1 | 309 41.1: || 889 45.1 369 
280 87.2 | 310 41.2 || 340 45.2 370 
281 37.3. | 311 41.3 | 341 45.3 371 
282 | 87.5 312 41.5 | 342 45.4 372 
283 | 37.6 313 41.6 | 343 45.6 873 
284 87.7 a4; 41.7 344 45.7 874 
285 | 37.9 315 41.9 345 45.8 || 375 
286 | 380 || .316 42.0 346 46.0 || 376 
| 287 738,00} 17 42.1 347 46.1 | 377 
| 288 | 38.3 || 318 42.3 || 348 46.2 378 
289 38.4 319 42.4 || 349 46. 4 379 
290 38.5 || 320 42.5 350 46.5 380 
| 1] 887 | sal} 47 | | BBL 46. 6 381 
| 292 ; 888 | 822, 428 | 382 46.8 | 382 
203 | 889 | 323 42.9 || | 353 46.9 | 383 
204 39.1 || 324 43.1 || 864 47.0 | 384 
~ 295 89.2 || 825 | 482 || 855 47.2 385 
296 39. 3 326 | 433 || 356 47.3 386 
297 39.5 327 | 48.5 || 887 47.4 387 
298 39.6 | 328 43.6 | 358 47.6 388 
| 299 39.7 329 43.7 || 359 47.7 389 
300 39.9 330 43.9 360 47.8 390 












































48.0 
48.1 
48. 2 
48. 4 
48.5 
48.6 
48.8 
48.9 
49. 0 
49, 2 
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49. 4 
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50.9 
51.0 
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51.4 
51. 6 
51.7 
51.8 
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392 
393 
394 
395 
396 
397 
393 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
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420 
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Gallons. 


oO 
gee 
oo 
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on 
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ono 
Be 
Ho 


54.3 
54.4 
54.5 
54.7 
54. 8 
54.9 
55.1 
55. 2 
55. 3 
55. 5 
59. 6 


52.0 
52.1 
52.2 
52. 4 
52.5 
52. 6 
52. 8 
52.9 
53. 0 
53. 2 
53.3 
53. 4 
53. 6 
53.7 
53. 8 
54. 0 
54.1 
54. 2 
54.4 
54. 5 
54. 6 
54.8 
54.9 
55. 0 
55.1 
55. 3 
55.4 
55.5 
55. 7 
55.8 
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269 GRAVITY. 






































































































































Pounds. | Gallons. || Pounds. | Gallons. | Pounds. Gallons. | Pounds. | Gallons. || Pounds. 
a a 
269 36. 0 299 40.0 || 329 | 440 || 369 48. 0 389 
270 36.1 300 40.1 330 | 44.1 || 360 48. 2 390 
271 362 || 301.| 403 | 381 | 443' || 361 48. 3 391 
272 | 364 || 302 | 40.4 || 332 44.4 | 362 48. 4 392 
273 36.5 || 308 40.5 4) 333 | 445 || 363 48. 6 393 
274 | 367 | 304 | 407 || * 384 | 447 | 364 48.7 394 
275 | 36.8 305 | 40.8 || 3835 | 448 |) 365 48. 8 395 
276 36.9 306 | 40.9 336 44.9 366 49,0 396 
277 37.1 307 411, | 387 45.1 ||  ge7 |’ 49.1 397 
278 37.2 308 41.2 || 338 45.2 || 368 49. 2 398 
279 37.3 309 41.3 | 339 45.3 369 49. 4 399 
280 87.5. ||) B1O.| 425 340 | 45.5 || 3870 | .40.5 400 
281 B7.6° il, /y Bi 41.6 341 | 45.6 371 | 49.6 401 
282.) 87.7)» Bie 41.7 342 45. 8 372 49.8 || 402 
He O88 Po i8a9 313 | 41.9 343 45.9 373 | 49.9 403 
284 38.0 314 42.0 344 | 9 46.0 | 374 | 50.0 404 
285 88.1 || 815 42.1 345 | 46.2 375 | 50:2 405 
286 | 383 316 42.3 346 46. 3 376 50.3 406 
287 38.4 || 317 42.4 || 347 46.4 377 | 50.4 407 
288 | 885 || 318 42.5 || 348 46. 6 378 | 50.6 || 408 
289 | 38.7 || 319 42.7 349 46.7 379 50.7 || 409 | 
290 88.8 4) 820 42. 8 350 46.8 || 380 50.8 || 410 54.8 
291; 389 || 3821 42, 9 351 47.0 || 381 51.0 | 411 55.0 
292 | 39.1 22 | 43.1 352 | 47.1 382 51.1 412 55.1 | 
203 | 30.2 || 8% | 422 353 47.2 | 383 51.2 413 56.2 | 
294 39.3 |) 324 43.4 354 47.4 | 384 51.4 414 55.4 | 
295 | 39.5 || 825 43.5 355 47.5 385 | 651.5 415 55.5 | 
296 | 39.6 | 326 | 486 || 356 |, 47.6 || 388 51.6 416 55.6 | 
297 | 39.7 | 327 | 43.8 357 47.8 || 387 61.8 || 417 55.8 | 
298 | 39.9 | 828 43. 9 358 47.9 } 388 5L9 || 418 55.9 | 
| U I u | 
27° GRAVITY. 
| i | 
267 35.9 || 297 40.0 || 327 | 440 || 357 48.1 387 52.1 
268 36.1 || 208 | 40.1 || 328 44.2 || 358 48.2 || 388 52.2 
269 36.2 || 209 | 40,3 || 329 44.3 359 48.3 || 389 52.4 
270 36.3 | 300 40.4 | 330 44.4 360 48.5 || 390 52.5 
271 $6.5 || 301 | 40.5 || 381 44. 6 361 48.6 | 391 52. 6 
272 36.6 || 302 40.7 | 382 | 447 362 48.7 || 392 52.8 
273 | 36.7 || 308 40.8 | 333 | 448 || 363 48.9 || 393 52.9 
274 36.9 || 304 40.9 || 384 45.0 364 49.0 | 394 | 53.0 
275. | 87.0 || 805 41.1} 3851 45,3 365 49.1 || 395 53. 2 
276 | 87.2 || 806 41.2 | 336 45.2 366 49.8 || 306 | 53.3 
277 | 87.8 || * 90% | 41.3. | | 887 45.4 367 49.4 |) 397 | 84 | 
avs | 37.4] ~ g08 | 416: |] ses; 455 368 | 49.5 || 398 | 53.6 
279 87.6 |} 809 | 41.6 || 339 45.6 369 49.7 399 53.7 
280 | 37.7 310 41.7 | 340 45. 8 370 49. 8 400 | 53.9 
} 21 | 88 | ak | ato | 45.9 || 371 4.9 | 401 | 54.0 
| 282 | 380 } 312 | 420 || 342 46. 0 372 50.2 || 408 |) BL 
283 221 | . 318 42.1 || 348 46. 2 378 50.2 | 403 | 543 
| 284 8.2 || 314 | 423 || 344 46.3 374 50.3 || 404 | 54.4 
285 | 384 | 315 42.4.| 845 46.4 || 375 | 50.5 | 405 54.5 
| 2p 4 2865} eB B Not 816 42.5 346 46. 6 876 | 80.6 | = 406 | 4.7 | 
287 +| 386 || 317 42.7 || . B47 46.7 || 377 50.7 407 54.8 
288 | 388 | 318 42.8 | 348 | 468 || 378 | 509 || 408 54. 9 
289 38, 9 319 42.9 || 349 47.0 || 879 | 510 409 | 55.1 
290 39. 0 320 43.1 350 47.1 380 B12 || 410 | 55.2 
291 | .39.2 321 43.2 | 351 | 47.8 381 | 61.8 | 4 | 5538 
292 39.3 || 322 43.3 352 47.4 | 382 51.4 412 | 65.5 
293 39.4 323 43. 5 358 | 47.5 | 3838 | LG | | 413 | 55.6 
294 39. 6 324 43. 6 354 47.7 | 384 | 5L7 || 44 55.7 
295 39.7 325 43.7 355 47.8 || 88 | 518 || 415 | 55.9 
296 39.9 326 | 43.9 356 47.9 386 | 62.0 | 416 56. 0 
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28° GRAVITY. 





































































































1] | 
Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. | Pound. | Gallons. 
} | 
265 | 85.9 295 40.0 325 | 44.0 355 48,1 385 | 52.1 
266 | 36.0 296 40. 1 326 44.2 356 48. 2 386 | 52.3 
267 | 36.2 297 | 40.2 327 44. 3 357 48. 4 387 52.4 
268 36.3 298 40. 4 328 44.4 358 48.5 || 388 | 52.6 
269 36.5 || 299 40.5 329 44.6 359 48.6 || 389 | 52.7 
270 36.6 |) 300 40. 6 330 44.7 360 48. 8 390 52.8 
271 36.7 || 301 40. 8 331 44.8 361 48.9 || 391 53.0 
272 lee 630.9 302 40.9 332 45.0 362 49.0 |! 392 | 53.1 
278 37.0 || 303 41.1 333 45.1 363 49.2 |! 393 | 53.2 
274 87.1 || 304 41.2 334 45.2 364 49.3 394 «53.4 
275 37.3 || 305 41.3 335 45.4 365 49.5 || 395 53.5 
276 37.4 306 41.5 336 45.5 || 366 49.6 396 | 53.6 
277 37.5 307 41.6 337 45.7 367 49.7 397 | 53.8 
278 37.7 308 | 41.7 338 45.8 368 49.9 | 398 53.9 
279 | 37.8 309 | 41.9 339 45.9 || 369 50.0 | 399 | 54.1 
280 | 937.9 310 42.0 340 46.1 | 370 50.1 400 | 54.2 
231 | 381 311 42.1 341 | 46.2 | 371 50.3 401 | 543 
282 | 382 312 42.3 342 | 46.3 || 372 50.4 402 54.5 
283 | 38.4 313 | 42.4 343 | 46.5 || 373 50. 5 408 | 54.6 
284 38.5 314. 42.5 344 46. 6 374 50.7 404 54.7 
285 38.6 315 | 42.7 345 46.7 375 50. 8 405 54.9 
286 38.8 || 316 42.8 346 46.9 376 | 50.9 406 55.0 
287 38.9 || 317 42.9 || 347 47.0 377 51.1 407 55.1 
288 39.0 || 318 43.1 348 | 47.1 378 51.2 408 | 55.3 
289 | 39.2 || 319 43,2 349 | 47.38 379 | 51.3 409 | 55.4 
290 39.3 320 43.4 || 350 47.4 380 5L5 410 | 55.5 
291 39.4 | 321 43, 5 351 47.6 381 51.6 411 55.7 i 
292 39. 6 322 43.6 352 47.7 || 382 | 61.8 412 55. 8 
298} 389.7 323 43. 8 353 47.8 383 51.9 ° 413 56.0 
294 39.8 324 43.9 354 48.0 | 384 52.0 414 56.1 
\ | 
299 GRAVITY. 
er ee) | | 6 Te ae 
263 35.9 || 293 | 40.0 323) 44.0. "|| 353 | 48.1 383 52.2 
264 | 36.0 294 40.1 324 44,2 | 354 48.3 | 384 | 52.4 
265 36.1 295 40.2 325 44.3 355 48.4 385 52.5 
266 36.3 296 40. 4 326 44.5 356 48.5. || 386 52.6 
267 | 36.4 | 297 40.5 327 44.6 357 48.7 BST DoS 
268 | 36.5 298 40.6 328 44.7 ' 358 48.8 388 52.9 
269 36.7 299 40.8 329 44.9 || 359 49.0 389 53. 0 
270 ! 36.8 300 40.9 330 45.0 360 49.1 390 53. 2 
271 36.9 301 41.0 331 45.1 361 49, 2 391 53.3 
272 | 87.1 302 41.2 332 45.3 362 49.4 392 53.4 
273 | 87.2 303 41.3 333 45.4 363 49.5 393 53.6 
o74 | 37.4 304 41.5 334 45.5 364 49.6 || 394 53.7 
275 37.5 305 41.6 335 45.7 365 49.8 || 395 53.9 
276 | 37.6 306 41.7 336 45.8 366 49.9 || 396 54. 0 
277 | 37.8 307 41.9 337 45.9 367 50.0 |; 397 54.1 
278 37.9 308 42.0 338 46.1 368 50. 2 398 54.3 
279 38.0 309 25 te 339 46, 2 369 50.3 |) 399 54.4 
280 38.2 | 310 42.3 340 46. 4 370 | 50.4 | 400 | 54.5 
281 38.3 311 42.4 341 46.5 371 50.6 | 401 54.7 
282 38.5 312 42.5 342 46. 6 372 50.7 || 402 54. 8 
283 38.6 313 42.7 343 46.8 373 50.8 | 403 54.9 
284 38.7 314 42.8 344 46.9 374 51.0 404 55.1 
285 38.9 315 42.9 345 47.0 375 51.1 405 55. 2 
286 | 39.0 || 316 43.1 346 47.2 376 51.3 || 406 55. 4 
287 39.1 317 43. 2 347 47.3 377 51.4 || 407 | 55.5 
288 39.3. || 318 43.4 348 47.4 378 51.5 408 55.6 
289 39.4 319 43.5 349 47.6 379 51.7 409 55.8 
290 | 39.5 320 43. 6 350 47.7 380 51.8 410 55.9 
291 39.7 321 43.8 351 47.9 381 52.0 || 411 | 66.0 
292 39.8 322 43.9 352 48.0 382 52.1 412 | 56.2 
| 
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30° GRAVITY. 















































| Pounds. Gallons. || Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. 
| ae | rare) ie : re ites Ny Se ar 

262 35.9 292 40.1 322 44,2 352 48,3 382 52.4 
263 36.1 293 40.2 323 44,3 353 48.4 383 52.5 
264 | 36.2 | 294 40.3 324 | 44.4 || 354 | 48.6 384 52.7 
265 | 36.4 295 40.5 | 325 | 44.6 || 355 48.7 385 52.8 
266 | 36.5 296 40.6 |) 326 | 44.7 |i 356 48.8 386 52.9 
267 36.6: || 297 40.8 || 327, 44.9 |) 357 | 49.0 | 387 53. 1 
268 36.8 | 298 40.9 328 , 45.0 358 | 49.1 388 58, 2 
269 | 36.9 |} 299 41.0 329 45.1 || 359 | 49.3 389 53.4 
270 | 87.0 | 300 | 41.2 330 | 45.8 360 49, 4 390 ‘53. 5 
271. |." 87.2 || 301 | 41.3 || 33] 45.4 || 361 | 49.5 | 391 53. 6 
o7o | *5u7. 85 302 41.4 || 332 45.5 || 362 49.7 392 53. 8 
273 | 87.5 | 303 | 41.6 333 | 487 || 363 | ° 49.8 398 | 953.9 
274 | = 37.6 || 304 41.7 || 334 | 45.8 364 49.9 394 54. 1 
275 | 87.7 305 41.8 335 46. 0 365 50.1 395 54. 2 
276 37.9 || 306 | 420 || 336 | 461 || 866 50.2 || © 996 | 543 
277 | 38.0 || 307 | 42.1 || 337 | 462 | 367 | 60.38 || 397 | 5645 
278 38.1 308 42,3 338 46.4 | 368 | 50.5 398 | 54.6 
279 38.3 || 309 | 42.4 339 | 46.5 369 50.6 || 399 54.7 
280 38.4 10 | 42.5.) 340 | 46.6 370 50.8 |, 400 54.9 
281 | 386 311 | 42.7 || B41) Weg 371 50. 9 401 55. 0 
282 | 38.7 312 42,8 342 | 46.9 372 51.0 402 55.1 
eet ane. & Ti 313 | 42.9 Bis |) 47.2 | 373 51.2 403 55.3 
284 | 39.0 314 43.1 | 344 | 47.2 || B74: wi EBIOB 404 | 55.4 
285 39.1 315 | 43.2 | 345 | 47.3 375 51.4 405 55. 6 
286 39.2 | 316 | 43.38 346 47.5 376 51.6 || 406 | 55.7 
O87. bY ego.4 il 317 | 43.5 347 47.6 | 377 51.7 407 55. 8 
. 288 39.5 318 43.6 | 348 47.7 378 51.9 408 56. 0 
289 39.7 || 319 43.8 349 | 47.9 379 52.0 409 56.1 
290 | 930.8 || 320 | 43.9 || 350 | 48.0 | 380 52.1 410 56. 2 
291 39.9 | 321 | 44.0 | 351 48.2 | 381 | 52.3 | 411 56. 4 





























31° GRAVITY. 





| 
| 
| 
| 
| 
| 























260 | 35.9 || 290 40.0 || 320 44.2 || 350 48.3 380 52.5 
361 | 360 || 201 | 402] 321 44.3 | 351 48.5 381 52.6 
262 | 362 || 292 | 40.8 | 399 4.5 || 352 48. 6 382 52.7 
263 | 363 | 293 | 40.4 323 44.6 || 358 48.7 383 52.9 
264 | 365 | 294 | 40.6 324 44.7 || 354 48.9 | 384 53.0 
265 | 36.6 || 295 40.7 || 825 44.9 355 49.0 385 | 53.2 
266 | 367 | 296 | 40.9 || 326 45.0 356 49.2 386 53.3 
267 | 349 || 297 | 41.0 | -3a7 45,2 357 49.3 387 53. 4 
2s | 37.0 || 208 | 41.1 | gs | 458 | 368 49. 4 388 53.6 
269 37.1 209 | 41.3 |) 329 45. 4 359 49. 6 889 | 58.7 
270 , 87.8 300 | 414 || 330 | 456 || 360 49.7 390 | 53.8 
271 | . 37.4 301 4.6 | 381 45.7 || 861 49, 8 391 54.0 
272 | 37.6 | 302 | 417 || | 332 45.8 362 50.0 392 54.1 
273 37.7 303 | 41.8 || 338 | 460 | 368 50.1 393 54.3 
274 | 37.8 soa | 42.0 || a4 | 401 || 364 50.3 || 394 54.4 
275 | 38,0 305 42.1 || 335 46. 3 365 50.4 395 | 54.5 
o7¢6 | 381 || 306 42.3 || 836 46.4 |b 366 50.5 396 | 84.7 
277 | 38,2 307 | 42.4 || 337 | 46.5 367 50.7 397 54. 8 
278 38.4 308 | 42.5 || 338 | 46.7 368 | 50.8 398 54, 9 
‘79 | «385 || 309 | 427 | 339 | 468 || 369 | 50.9 || 300 | 55.1 
280 | 38.7 310 42.8 | 340 |) 46.9 370 51.1 || ~ 400 55.2 
oe1 | pes fei | dao ft yea 47.1 s71. | be |} © 401} Ba 
282 38. 9 312 43.1 || 342 47.2 372 p14 || 402 55.5 
233 | 391 || 318 43,2 343 47. 4 373 | 51.5 403 55.6 
284 | 39.2 a4 | 43.4 344 47.5 374 | 51.6 || 404 55.8 
285 39.3 315 43.5 345 47.6 375 51.8 405 55.9 
286 39.5 316 | 43.6 || 346 47.8 376 | 51.9 406 56.1 
287 39.6 317 | 43.8 || 347 47.9 377 52.1 407 56.2 
288 39. 8 318 43.9 348 48.0 378 52.2 408 56.3 
289 39.9 319 44.0 349 48,2 379 52.3 409 56.5 



































THE NATURAL HISTORY OF PETROLEUM. 


TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL--Continued. 
32° GRAVITY. 

















Pounds. Gallons. 
258 35.8 
259 36.0 
260 36.1 
261 | 363 
262 | 36.4 
263 | 36.5 
264 | 36.7 
265 | 36.8 
266. | 36.9 
267 | 87.1 
268 | 37.2 
269 37.4 
270 | = 87.5 
271 37.6 
272 | 87.8 
273 | 87.9 
274 38.1 
275 38.2 
276 38.3 
277 38.5 
278 38.6 
279 38.8 
280 38.9 
281 39.0 
282 | 39.2 
283 39.3 
284 39.5 
285 39. 6 
286 39.7 
287 39. 9 
257 -35.9 
258 36.1 
259 36.2 
260 36.3 
261 36.5 
262 36. 6 
263 36.8 
264 36.9 
265 | 37.0 
266 37.2 
267 | 37.3 
268 37.5 
269 37.6 
270 37.7 
271 | 37.9 
272 | °38.0 
273 38.2 
274 38.3 
275 38.4 
276 38.6 
217 | = 38.7 
278 38.9 
279 39.0 
280 39.1 
281 39.3 
282 39.4 
283 39.6 
284 39.7 
285 39. 8 
286 40.0 

















+ 
. | Gallons. 


Gallons. || Pounds. 
























































Pounds. 
288 40.0 318 44.2 348 
289 40.1 319 44.3 349 
200 | 40.3 320 44.5 350 
291 | 40.4 321 44.6 351 
292 | 40.6 322 44.7 352 
293 40.7 328 44.9 || 358 
394 40.8 324 45.0 354 
295 | 41.0 325 45.1 355 
296 | 41.1 326 45.3 356 
297 41.3 327 45.4 | 357 
298 | 41.4 328 45.6 } 358 
299 | 41.5 329 45.7 + 259 
300, 41.7 330 45.8 | 360 
301 41.8 331 46.0 361 
302 | 42.0 332 46.1 362 
308 42.1 333 46.3 363 
304 42,2 334 46. 4 364 
305 42,4 335 46.5 || 365 
306 42.5 336 46.7 || 366 
307 42.6 337 46.8 | 367 
308 42, 8 338 47.0 || 368 
309 42.9 339 | 47.1 369 
310-} 43,1 340 | 47.2 370 
311 43,2 341 47.4 371 
312 43.3 342 47.5 372 
318 43.5 343 47.7 372 
314 43.6 44. | 47.8 || 874 
315 | 43.8 345 | 47.9 375 
316 43.9 346 48.1 376 
317 44.0 347 48.2 377 
33° GRAVITY. 
287 40.1 317 44.3 347 
288 40.3 318 44.5 348 
289 40.4 319 44.6 349 
290 | 40.5 320 44.7 350 
291 40.7 321 44.9 351 
292 40.8 322 45.0 352 
298 41.0 323 45.2 353 
294 41.1 324 45.3 354 
295 41.2 325 45.4 355 
296 41.4 326 45.6 356 
297 41.5 327 45.7 357 
298 | 41.7 328 45.9 358 
299 41.8 329 46.0 359 
300 | 41.9 330 46.1 360 
301 | 421 331 | 46.3 361 
302 42.2 332 | 46.4 362 
303 42. 4 333 | 46.5 363 
304 42.5 334 | 46.7 364 
305 42.6 335 | 468 365 
306 42. 8 336 47.0 366 
307 42. 9 aa7 | 47.1 367 
308 43.1 338 | 47.2 368 
309 43.2 339 | 47.4 369 
310 | 43.3 840 | 47.5 | 370 
811 | 43.5 B41 | 47.7 | 371 
312 | 43.6 a42 | 47.8 || 372 
313 | 43. 8 348 | 47.9 || 878 
314 | 43.9 44 | 481 || 374 
315 | 44.0 345 | 48.2 375 
316 | 44.2 346 | 48.4 376 





{ 



































| Gallons. || Pounds. | Gallons. 
| 
48.3 378 52.5 
48.5 379 | 52.6 
48.6 380 | 52.8 
48.8 || 381 | 52.9 
DeecHey il 382 53.1 
| 49.0 |] 383 53.2 
49.2 384 53.3 
49,3 385 53.5 
49.4 |) 386 53. 6 
49.6 | 387 | 53.8 
49.7 || 388 53.9 
49.9 389 | 54.0 
50. 0 390 54.2 
| 50.1 391 54.3 
| 60.38 392 54.5 
| 50.4 393 54.6 
| 50.6 394 54.7 
50.7 || 395 54.9 
50.8 396 55. 0 
51.0 || 397 55. 1 
51.1 | 398 | 55.8 
B18 || 999 | 56.4 
51.4 | 400 55.6 
51.5 401 55.7 
51.7 402 55.8 
51.8 403 56. 0 
52. 0 404 56.1 
52.1 405 56.3 
52.2 406 56.4 
52. 4 407 56. 5 
48.5 377 52.7 
48. 6 378 52.8 
48. 8 379 53.0 
48.9 380 53.1 
49.1 381 53.3 
49. 2 382 53.4 
49.3 383 53.5 
49.5 384 53.7 
|; 49.6 || 385 53. 8 
49.8 386 54.0 
49.9 387 54.1 
| 50.0 388 54,2 
50. 2 389 54.4 
50.3 390 54.5 
50.5 391 54.7 
50. 6 392 54.8 
50.7 393 54.9 
50.9 394 55.1 
51.0 395 55. 2 
51.2 || 396 55.4 
51.3 397 55. 5 
51.4 398 55. 6 
51.6 399 55. 8 
51.7 400 55.9 
51.9 401 56.1 
52. 0 402 56. 2 
52.1 403 56.3 
52.3 404 | 56.5 
52. 4 405 56. 6 
52.6 406 56.8 
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126 PRODUCTION OF PETROLEUM. 


TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OIL—Continned. 
34° GRAVITY. 





















































Pounds. | Gallons. |} Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. | Pounds. Gallons. 
255 35. 9 285 40.1 815 44.3 345 48.5 375 52.7 
256 36. 0 286 40. 2 316 44.4 346 48.7 376 52.9 
257 | 36.1 287 40.4 317 44.6 347 48.8 377 53. 0 
258 36. 3 289 40.5 318 44.7 348 49.0 378 | 53. 2 
259 36.4 | 289 40.6 319 44.9 349 49.1 379 53. 3 
260 36. 6 290 40.8 320 45.0 350 49, 2 380 53. 4 
261 36.7 291 40.9 321 45.1 351 49.4 381 58. 6 
262 36. 8 292 41.1 322 45.3 352 49.5 382 53.7 
263 37.0 293 41.2 323 45.4 | 353 49.6 383 53.9 
264 37.1 294 41.3 324 45.6 354 49.8 384 54.0 
265 37.3 295 41.5 325 45.7 355 49.9 385 54.1 
266 37.4 296 41.6 326 45.8 356 50.1 386 54.3 
267 37.5 297 41.8 327 46.0 357 50. 2 387 54.4 
a 37.7 298 41.9 | 328 46.1 358 50. 4 388 54.6 
269 | 37.8 299 42.1 329 46.3 859 50.5 389 54.7 
270 | 38.0 300 42.2 330 46.4 || 360 50. 6 390 | 54.9 
271 | 38.1 801 42.3 331 46.6 | 361 | 50. 8 391 | 55.0 
272 38. 2 802 42.5 332 46.7 862 50. 9 392 | 55.1 
273 38.4 303 42.6 333 46.8 363 61.1 393 | 55.3 
274 38.5 304 42.8 334 47.0 364 51. 2 394 | 55. 4 
275 | 38. 7 805 | 42.9 335 47.1 865 §1.3 395 | 55. 6 
276 38. 8 306 | 43.0 336 47.3 366 61.5 396 | 55.7 

- 277 38. 9 307 | 43. 2 337 | 47.4 367 51.6 397 | 55. 8 
278 39.1 308 43.3 338 | 47.5 | 368 51.8 398 | 56. 0 
279 | 39. 2 309 43.5 339 47.7 369 51.9 399 | 56.1 
280 | 39. 4 310 43.6 340 47.8 370 52.0 400 | 56. 3 
281 | 39. 5 311 | 43.7 341 48.0 871 52.2 401 56. 4 
282 | 39.7 312 43.9 342 48.1 872 52.3 402 | 56.5 
283 | 39.8 313 | 44.0 343 48. 2 373 52.5 403 56. 7 
284 | 39. 9 314 44,2 344 48.4 374 52.6 404 | 56. 8 














35° GRAVITY. 























254 35.9 284 40.2 314 44.4 344 48.7 374 52.9 
255 36.1 285 40.3 315 44.6 345 48.8 375 53.1 
256 36.2 286 40.5 316 44.7 346 49. 0 376 53.2 
257 36.4 287 40.6 317 44.9 347 49.1 877 53.4 
258 36.5 288 40.8 318 45.0 348 49, 2 378 53.5 
259 | 36.6 289 40.9 319 45.1 349 49.4 379 53.6 
260 86.8 290 41.0 320 45.3 350 49,5 380 53. 8 
261 | 36.9 291 41.2 $21 45.4 351 49.7 381 53.9 
2631) eT 292 41.3 322 45.6 352 49, 8 382 54. 1 
263 87.2 293 41.5 323 45.7 353 50. 0 383 54.2 
264 | 87.4 294 41.6 324 45.9 354 50, 1 384 | 54.4 
265 | 37.5 295 41.7 325 46.0 355 50. 2 885 | 54.5 
266 | 37.6 296 41.9 | 326 46.1 356 50. 4 386 54. 6 
567- | M87. 8 297 42.0 327 46.3 357 50. 5 387 | 54.8 
268 | 37.9 || ‘298 42.2 | 328 | 46.4 358 50.7 388 | 54.9 
269 | 38.1 299 42.3 | 329 46.6 359 50, 8 389 | 55.1 
270 | 38.2 300 42.5 330 | 46.7 360 50.9 390 | 55.2 
271 38.4 301 $2.6. 0) SARL BMG 8 361 51.1 391 | 55.8 
272 38.5 202 | 42.7 | gs2. | 47.0 | 362 51.2 302 | 55.5 
275.2") SRA ONT 308 2.9 | 833 | 47.1 || 363 51.4 || 898 | 65.6 
274 | 388 || 304 | 43.0 $34, 47.3 || 364 | 515 || 394 | 55.8 
275 | 388.9 305 | 43.2 335 | 47.4 | 365 | 51.7 395 55.9 
276 | 39.1 306 43.8 336 47.6 366 51.8 396 56.0 
277 39. 2 307 43.4 | 337 7.7" 367 51.9 397 56.2 
278 39.3 | 308 43.6 338 47.8 || 368 52.1 398 | 56.3 
279 39. 5 09 43.7 339 48. 0 369 52,2 399 56.5 
280 39. 6 310 43.9 | 340 48.1 370 52.4 400 56. 6 
281 39. 8 311 44,0 341 48.3 871 52.5 401 56.7 
282 | 39.9 312 44.1 342 48.4 379 52.6 || 402 56.9 
283 40.1 313 44.3 348 48.5 373 52. 8 408 57.0 





























THE NATURAL HISTORY OF PETROLEUM. 


TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OJL—Continued. 


40° GRAVITY. 

















Gallons, | Pounds. | 



















































































Pounds. | Gallons. || Pounds. Gallons. | Pounds. | Gallons. i Pounds, Gallons. 
-—| sea een - — 

246 35.9 276 | 40.2 306 44.6 — 336 49.0 | 366 (53.4 
247 36.0 277 | 40.4 307 | 44.8 |] 337 49.1 || 307 | 53.5 
248 36. 2 278 | 40.5 308 44.9 | 338 49,3 368 53.7 
249 36.3 279 | 40.7 309 | 45.0 | 339 | 49.4 || 369 53.8 
250 36.5 280 | 40.8 310 | 45.2 || 340 | 49.6 || 370 53.9 
251 36. 6 281 | 41.0 at fy hee 8 1 341 49.7 | 371 54.1 
252 36.7 282 | 41) 312 45.5 | 342 49.9 372 54.2 
253 36.9 283 | 41.3 | 313 45.6 || 343 50.0 | 373 54.4 
254: 37.0 og | 414 | 814 | 45.8 || 344 50.1 || 374 | ‘545 
255 37.2 285 41.6 | 315 45.9 || 345 50.3 || 375 54.7 
256 37.3 286 | 41.7 316 46.1 || 346 50.4 | 376 54.8 
257 37.5 287 | 41.8 S17) 48a | 347 50.6 | 377 55. 0 
258 37. 6 288 42.0 | 318 | 46.4 | 348 | 50.7 || 378 55.1 
259 37.8 289 | 42.1 319 46.5 |) 349 | 50.9 379 55.2 
260 37.9 290 | 42.3 320 46.7 | 350 | 51.0 || 380 55. 4 
261 38.1 291 43. 4 321 46.8) 351 | 512 | 381, 55.5 
262 38.2 292 42.6 322 46.9 | 352 | 51.3 382 55.7 
263 38.4 293 42.7 328 | 47.1 |, 353 | 515 383 55. 8 
264 38. 5 294 42.9 324 47.2 354 51.6 384 56. 0 
265 38. 6 295 43.0 325, 47.4 1 355 51.8 385 56.1 
266 | 38.8 296 43, 2 326 | 47.5 | 356 51.9 386 | 56.3 
267 38.9 297 43.3 327 | 47.7 | 357 52.0 387 | 56.4 
268 39.1 298 43.5 328 47.8 || 358 52.2 || 388 56. 6 
269 39. 2 299 43. 6 329 48.0 || 359 52.3 | 389 56.7 
270 39.4 300 43.7 330 48.1 || 360 | 525 | 300 | 56.9 
271 39.5 301 43.9 | 331 | 48.3 | 361 52.6 | 391 | 57.0 
272 39.7 302 44.0 332 48.4 || 362 | 52.8 || 392 57.1 
273 39. 8 303 44.2 333 | 48.5 | 363 | 52.9 || 393 | 657.3 
274 39.9 304 44.3 834 | 48.7 || 364 53.1 || 394 | 57.4 
275 40. 1 305 44.5 335 48.8 | 365 53.2 || 395 57.6 

43° GRAVITY. 
—__—— 

242 35.9 272 40. 4 302 44.8 332 | 49.3 362 53.7 
243 36.1 273 40.5 303 45.0 338 | (49.4 363 | 53.9 
244 36.2 274 40. 6 304 45.1 334 | 49.5 364 | 54.0 
245 36.3 275 40.8 | 305 45.2 335 | 49.7 | 365 54.1 
246 36.5 276 40.9 306 45.4 336 49.8 | 366 54.3 
247 36. 6 277 41.1 307 45.5. | 337 50.0 || sey | 54.4 
248 36. 8 278 41.2 308 45.7 || 338 50.1 || 368 54. 6 
249 36.9 279 41.4 309 45.8 339 | 50.3 || 369 | 54.7 
250 37.1 280 41.5 dio |} 46.0 4) “840 +] 504 I) 870 4 USA 9 
251 37.2 281 41.7 B11 aw 46.1 4 341) 50.6 || 871 | 55.0 
252 37.4 282 | 41.8 312 46.3 | 342 | 50.7 || 372 | 55.2 
253 37.5 283 | 42.0 313 46.4 jj 343 | 50.9 || 873 | 55.3 
254 37.7 284 42.1 314 | 46.6 | 344 | 51.0 || 374 | 55.5 
255 | 7.8 285 42.3 B15 a 46.7 345 51.2 || 375 55.6 
256 38.0 286 | 42.4 316 46.9 | 346 51.3 || 376 55. 8 
257 38.1 287 | 42.6 Srv a7. 0. wl 347 51.5 | 377 55.9 
258 38. 3 288 42.7 318 47.2 348 51.6 378 56.1 
259 38. 4 289 42.9 319 47.3 349 | 51.8 || 379 | 56.2 
260 | 38.6 290 43. 0 320 47.5 350 | 51.9 || 380 | 56. 4 
261 38.7 291 43,2 | 321 47.6 351 | 52.1 381 | 56.5 
262 38.9 292 43.3 322 47.8 352 | 52.2 382 | 56.7 
263 39.0 293 43.5 323 | 47.9 | 353 | 52.4 383 | 56.8 
264 39.2 294 43.6 | 324 | 48.1 354 52.5 384 | 57.0 
265 39.3 295 43. 8 325 48, 2 355 | 52.7 385 | 57.1 
266 39.5 296 43,9 326 48. 4 356 | 528 386 | 57.3 
267 39. 6 297 44,1 327 48.5 | 357 | 53.0 387 | 57.4 
268 39. 8 298 44,2 328 48.7 358 (53.1 388 57.6 
269 39.9 299 44,4 329 48.8 359 | 53.8 389 57.7 
270 40.1 300 44.5 330 49. 0 360 53.4 390 57.9 
271 40.2 301 44.7 381 49.1 361 53. 6 391 58. 0 
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PRODUCTION OF PETROLEUM. 


TABLE OF COMPARATIVE WEIGHTS AND MEASURES OF OJL—Continued. 


449 GRAVITY. 





Pounds. 


240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 


240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 








Gallons. 


35. 8 
35. 9 
36. 1 
36. 2 
36, 4 
36.5 
36. 7 
36. 8 
37.0 
37.1 
37.3 
37.4 
“37.6 
ale 
37.9 
38. 0 
38. 2 
38, 3 
38. 5 
38. 6 
38. 8 
38. 9 
39.1 
39, 2 
39. 4 
39.5 
39. 6 
39.8 
39.9 
40.1 


36. 0 
36. 2 
36.3 
36.5 
36.6 
36.8 
36.9 
37.1 
37.2 
87.4 
37.5 
37.7 
37.8 
38. 0 
38.1 
38.3 
38.4 
38. 6 
38.7 
38.9 
39.0 
39. 2 
39.3 
39. 5 

39.6 
39.8 
39. 9 
40.1 
40.2 
40.4 


| 


| 








|| 


1} 








270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
234 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 








Gallons. 


40. 2 
40. 4 
40. 5 
40. 
40. 
41. 
41. 
41. 


~ 
OrPRWwWrRronoNtarNnrHFONAnNwWNCTHONHN OQH OH OO 


~_ 
- © Oo OS 


Pn a ol a cos 
RF dS al sepia rail pea se ial seek tee teen alts 
ARP wrHonra 


~_ hk Pk Pk PP 
PNNHNNHNN WE 
FoMmamnmwnoasos 


~ 
Co 
nw 

















| Pounds. 


poser OCS || Le Sa 


300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 














45° GRAVITY. 


300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
829 
























































T 
Gallons. | Pounds. | Gallons. | Pounds. | Gallons. 

| | 
44.7 || 330 49.2 || 360 53.7 
44.9 || 331 49.3 | 361 53.8 
45.0 332 | 49.5 362 54.0 
45.2 || 333 49.6 || 363 54.1 
45.3 || 334 49.8 || 364 54.3 
45.5 335 49.9 || 365 ' 54.4 
45.6 336 50.1. || 366 | 54,6 | 
45.8 337 50.2 367 | 54.7 | 
45.9 338 50. 4 368 | 54.9 
46.1 339 50.5 || .. 369 55.0 
46.2 340 50.7 | 370 | 55.2 
46.4 341 | 50.8 | 371 55.3 
46.6 |} 942 | o61.@ || -' 972 55.5 
ge Rds 1 SLE 373 55. 6 
46.8 || 344 51.3 374 55.8 
A709 345 | BLA | 875 55.9 | 
47.1. | 346 | 51.6 376 56. 0 
47.3 347 | -Bie7 377 56. 2 
47.4 | 348 51.9 378 56.3 
47.6 349 52.0 379 56. 5 
47.7 350 52.2 380 56. 6 
47.9 351 52.3 381 56.8 | 
48, 0 352 52.5 382 56. 9 
48.2 353 52. 6 383 57.1 
48.3 354 52. 8 384 57.2 
48.5 355 52.9 385 57.4 
48. 6 356 53.1 386 57.5 
48.7 357 53. 2 387 57.7 
48. 9 358 53. 4 388 57.8 
49.0 359 53.5 389 58.0 
45.0 330 49.5 360 54.0 
45,2 331 49.7 361 54,2 
45.3 || 332 49. 8 362 54.3 
45.5 333 50. 0 363 54.5 
45.6 334 50.1 364 54.6 
45.8 335 50.3 365 54.8 
45.9 336 50.4 366 54.9 
46.1 337 50.6 267 55.1 
46.2 338 50.7 368 55.2 
46.4 339 50.9 369 55. 4 
46.5 340 51.0 370 55.5 
46.7 341 51.2 371 55.7 
46.8 342 51.3 372 55. 8 
47.0 343 51.5 373 56.0 
47.1 344 51.6 374 56.1 
47.3 || 345 51.8 375 56.3 
47.4 346 51.9 376 56. 4 
47.6 347 52.1 377 56. 6 
47.7 348 52.2 378 56.7 
47.9 349 52.4 379 56.9 
48.0 || 350 52.5 380 57.0 
48.2 351 52.7 381 57.2 
48.3 || 352 52.8 382 57.3 
48.5 353 53.0 383 57.5 
48. 6 354 53.1 384 57.6 
48.8 355 53.3 385 57.8 
48.9 356 53.4 386 57.9 
49. 1 357 53.6 387 58.1 
49. 2 358 53.7 388 58,2 
49, 4 359 53.9 389 58.4 
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46° GRAVITY. 
>? ae] 
Pounds. | Gallons. || Pounds.\| Gallons. || Pounds. | Gallons. || Pounds. | Gallons. || Pounds. 
| 
238 35. 9 268 40.4 | 298 | 45.0 328 49.5 358 
239 36.1 269 40. 6 299 45.1 329 49.7 359 
240 36. 2 270 40.7 300 45.3 330 49.8 360 
241 86. 4 271 40.9 301 45.4 331 50. 0 361 
242 36.5 272 41.0 302 45.6 332 50.1 362 
243 36.7 273 41.2 303 45.7 333 50. 3 363 
244 36. 8 274 41.3 304 45.9 334 50. 4 * 364 
245 37.0 275 41.5 305 46.0 335 50. 6 365 
246 37.1 276 41.7 306 46.2 836 50. 7 366 
247 ~ 37.3 277 41.8 307 46.3 337 50.9 367 
248 37.4 278 42.0 308 | 46.5 338 51.0 368 
249 37.6 279 42.1 309 | 46.6 339 §1.2 369 
250 37.7 280 42.3 310 46.8 340 51.3 370 
251 37.9 281 42.4 311 46.9 | 341 51.5 371 
252 38. 0 282 42.6 312 47.1 342 51.6 372 
253 88. 2 283 42.7 313 47.2 343 51.8 373 
254 38.3 284 42.9 314 47.4 344 51.9 374 
255 88.5 285 43.0 315 47.5 |} 845 52.1 375 
256 38. 6 286 43.2 316 47.7 | 346 §2. 2 376 
257 38.8 287 43.3 317 47.8 || 347 52.4 377 
258 38.9 288 43.5 318 48.0 348 52.5 378 
259 89.1 289 43.6 i 319 | 48.1 849 52.7 379 
260 39. 2 290 43.8 320 48.3 350 52.8 380 
261 39. 4 291 43.9 321 48.4 351 53. 0 381 
262 39.5 292 44.1 322 48. 6 352 63.1 382 
263 39. 7 293 44.2 323 48.7 353 53.3 383 
264 39. 8 294 44.4 324 48.9 354 53. 4 384 
265 40.0 295 44.5 825 49.1 355 53. 6 385 
266 40.1 296 44.7 326 49. 2 356 53.7 386 
267 40.3 297 44.8 327 49.4 357 53.9 387 
479 GRAVITY. 
236 35.8 266 40.4 296 44.9 326 49.5 356 
237 36. 0 267 40.5 297 45,1 327 49.6 357 
238 36.1 268 40.7 298 45.2 328 49.8 358 
239 36. 3 269 40.8 299 45.4 329 49.9 359 
240 36. 4 270 41.0 300 45.5 330 50.1 360 
241 36. 6 271 41.1 301 45.7 331 50. 2 361 
242 36.7 4|- 272 41.3 302 45.8 332 50. 4 362 
243 36. 9 273 41.4 303 46.0 333 50. 5 363 
244 37.0 274 41.6 304 46.1 334 50. 7 364 
245 37. 2 275 41.7 805 46.3 * 335 50. 8 365 
246 37.3 276 41.9 306 46.4 836 51.0 366 
247 37.5 277 42.0 307 46.6 337 51.1 367 
248 37.6 278 42.2 308 46.7 338 51.3 368 
249 37.8 279 42.4 309 46.9 339 61.5 369 
250 38. 0 280 42.5 310 47.1 340 51.6 370 
251 38.1 281 42.7 311 47.2 341 51.8 371 
252 38. 3 282 42.8 312 47.4 342 51.9 372 
253 38. 4 283 43.0 313 47.5 343 52.1 373 
254 38. 6 284 43.1 314 47.7 344 52.2 374 
255 38.7 285 43.3 315 47.8 845 52.4 375 
256 38.9 286 43.4 316 48.0 346 52.5 376 
257 39.0 287 43.6 317 48.1 347 52.7 377 
258 39, 2 288 43.7 318 48.3 348 52.8 378 
259 39. 3 289 43.9 319 48. 4 349 53.0 379 
260 39.5 290 44.0 320 48.6 350 53.1 380 
261 39. 6 291 44,2 321 48.7 351 53.3 881 
262 39.8 292 44.3 322 48.9 352 53.4 382 
263 39.9 293 44.5 323 49.0 853 53.5 383 
264 40.1 294 44.6 324 49.2 854 53.7 384 
265 40. 2 295 44.8 325 49.3 355 53.9 385 



















































































54. 0 
54. 2 
54.3 
54. 5 
54.6 
54.8 
54.9 
55. 1 
55. 2 
55. 4 
55. 5 
55.7 
55. 8 
56. 0 
56.1 
56, 3 
56. 4 
56. 6 
56.7 
56. 9 
57.0 
57. 2 
57.3 
57.5 
57.6 
57.8 
57.9 
58.1 
58.3 
58. 4 





54. 0 
54.1 
54. 3 
54.5 
54. 6 
54, 8 
54.9 
55. 1 
55. 2 
55. 4 
55. 6 
55. 7 
55. 8 
56. 0 
56. 2 
56. 3 
56.5 
56. 6 
56. 8 
56. 9 
| 57.1 
57.2 
57.4 
57.5 
57.7 
57.8 
58. 0 
58.1 
58. 3 
58.4 





Gallons. 
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50° GRAVITY. 








































































































Slee aS ae an eet aed 
Pounds. | Gallons. |) Pounds. | Gallons. || Pounds. |} Gallons. || Pounds. | Gallons. || Pounds. | Gallens. 
234 36.1 264 40.8 294 45.4 824 50. 0 354 54. 6 
235 36. 3 265 40.9 295 45.5 825 50. 2 355 54.8 
236 36. 4 266 41.1 296 45.7 326 50. 3 856 55. 0 
237 36. 6 267 41.2 297 45.8 327 50. 5 357 55.1 
238 36.7 268 41.4 298 46. 0 328 50. 6 358 55.3 
239 36.9 269 41.5 299 46. 2 329 50. 8 359 55.4 
240 37.0 270 41.7 800 46.3 330 50. 9 360 55.6 
241 37. 2 271 41.8 801 46.5 331 61.1 361 55.7 
242 37.4 272 42.0 302 46. 6 832 51.2 362 55. 9 
243 37.5 273 42.1 803 46.8 333 51.4 363 56. 0 
244 37.7 274 42.3 804 46.9 334 51.6 864 56. 2 
245 37.8 275 42.4 305 47.1 835 61.7 365 56. 3 
246 38. 0 276 42.6 306 47.2 336 51.9 366 56.5 
247 38.1 277 42.8 807 47.4 337 52.0 367 56. 6 
248 38. 3 278 42.9 i 308 47.5 338 52. 2 368 - 56. 8 
249 38. 4 279 43.1 309 47.7 339 52.3 369 57.0 
250 38. 6 280 43. 2 310 47.8 340 §2.5 370 57.1 
251 38. 7 281 43.4 811 48.0 | 341 52. 6 371 57.3 
252 38.9 282 43.5 312 48. 2 342 52.8 372 57.4 
253 39.1 283 43.7 313 48.3 343 52.9 373 57.6 
254 39. 2 284 43.8 314 48.5 344 53.1 874 57.7 
255 39. 4 285, 44.0 315 48.6 345 53. 2 875 57.9 
256 39.5 286 44.2 316 48.8 346 53.4 376 58. 0 
257 39. 7 287 44.3 317 48.9 347 53. 6 377 58. 2 
258 39. 8 288 44.5 318 49.1 348 53. 7 378 58.3 
259 40.0 289 44.6 319 49. 2 349 53. 9 879 58.5 
260 40.1 290 44.8 820 49.4 350 54. 0 380 58.7 
261 | 40.3 291 44.9 321 49.5 351 54. 2 881 58. 8 
262 40.4 292 45.1 322 49.7 352 54.3 382 59. 0 
263 40. 6 293 45. 2 823 49.9 353 54.5 383 59.1 
60° GRAVITY. 

220 35. 8 250 40.7 280 45.6 310 50. 5 840 55. 4 
221 36.0 251 40.9 281 45.8 311 50.7 341 55. 6 
222 36.1 252 41.1 282 45.9 812 50. 8 342 55.7 
223 36.3 253 41,2 283 46.1 313 51.0 343 55.9 
Py 224 36.5 254 41.4 284 “46.3 314 51.2 344 56.0 
225 36. 6 255 41.6 285 46.4 315 51.3 345 56. 2 
226 36. 8 256 41.7 286 46. 6 316 51.5 |I, 346 56. 4 
227 37.0 257 41.9 287 46.8 317 51.6 347 56. 5 
228 37.1 258 42.0 288 46.9 318 51.8 348 56.7 
229 37.3 259 42. 2 289 47.1 319 52.0 349 56.9 
230 37.5 260 42.4 290 47.2 820 52.1 350 57.0 
231 37. 6 261 42.5 291 47.4 321 52.3 351 57.2 
232 37.8 262 42.7 292 47.6 322 52.4 352 57.3 
233 38. 0 263 . 42.8 293 47.7 323 52.6 353 57.5 
234 38.1 264 43.0 |/* 294 47.9 324 52.8 354 57.7 
235 38.3 265 43. 2 295 48.1 325 52.9 355 57.8 
236 38.5 266 43.3 || 296 48,2 326 53.1 356 58. 0 
237 38. 6 267 43.5 297 48.4 327 53. 3 357 58. 2 
238 38.8 268 43.7 298 48.5 328 53. 4 358 58.3 
239 38.9 269 43. 8 299 48.7 329 53.6 | 359 58.5 
240 39.1 270 44.0 800 48.9 330 53. 8 360 58. 6 
241 39.3 271 44.1 || 301 49.0 331 53. 9 861 58.8 
242 39.4 272 44.3 302 49. 2 332 54.1 362 59. 0 
243 39. 6 273 44.5 803 49. 4 333 54.3 363 59.1 
244 39.8 274 44.6 304 49.5 334 54.4 364 59.3 
245 39, 9 275 44.8 805 49.7 335 54.6 865 59.5 
246 40.1 276 45.0 306 49.9 336 54. 7 366 59. 6 
247 40. 2 277 45.1 307 50. 0 337 54.9 367 59. 8 
248 40.4 278 45.3 308 50. 2 338 65.1 868 59. 9 
- 249 40.6 | 279 455 309 50. 3 339 55. 2 369 60.1 
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63° GRAVITY. 





















































Pounds. | Gallons. } Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. | Pounds. | Gallons. 
i 
217 35. 9 247 40.9 277 45. 8 307 50. 8 337 55. 8 
218 36. 1 248 41.0 278 46. 0 308 51.0 338 55.9 
219 36. 2 249 41. 2 279 46.2 309 51.1 339 56.1 
220 36.4 250 41.4 280 |. 46.3 310 51.3 | 340 56. 3 
221 36. 6 251 | 41.5 281 46.5 311 51.5 341 56. 4 
222 36.7 | 252 41.7 282 46.7 312 51.6 342 56. 6 
223 36.9 253 41.9 283 46.8 313 51.8 343 56. 8 
224 37.1 254 42.0 284 47.0 314 52. 0 344 56. 9 
225 37.2 | 255 42.2 285 47.2 315 | 52.1 345 57.1 
226 37. 4 | 256 42.4 286 47.3 816 | 52.3 346 57.3 
7H | 37. 6 257 42.5 287 47.5 317 52. 5 347 57.4 
228 37.7 258 42.7 288 47.7 318 52. 6 348 57. 6 
229 37.9 259 42.9 289 47.8 319 52. 8 349 57. 8 
230 38. 1 260 43.0 290 48. 0 320 53. 0 350 57. 9 
231 38, 2 261 43. 2 291 48.2 321 53.1 351 58.1 
232 38. 4 262 43,4 292 48.3 322 53.3 352 58.3 
233 38. 6 263 43.5 293 48.5 323 58.5 353 58. 4 
234 38. 7 264 43.7 294 48.7 324 53. 6 354 58. 6 
2385 88.9 265 43.9 295 48.8 325 53. 8 355 58. 8 
236 39.1 266 44.0 296 49. 0 326 54.0 356 58.9 
237 39. 2 267 44.2 297 49, 2 327 54.1 357 59.1 
238 39. 4 268 44,4 298 49.3 328 54.3 358 59. 2 
239 39.6 269 44.5 299 49.5 329 54.5 359 59.4 . 
240 39.7 270 44.7 300 49.7 330 54.6 360 59. 6 
241 39. 9 271 44.9 301 49. 8 331 54.8 361 59. 8 
242 40.1 272 45, 0 302 50. 0 332 54,9 362 59. 9 
243 40. 2 273 45, 2 303 50. 2 333 55.1 363 60.1 
244 40.4 274 45.3 304 50. 3 334 55. 3 364 60. 2 
245 40.6 275 45.5 305 50.5 335 55. 4 365 60. 4 
246 40.7 276 45.7 306 50. 7 336 55. 6 366 60. 6 























65° GRAVITY. 















































214 35. 8 244 40.8 274 45. 8 304 50. 8 334 55. 9 
215 36. 0 245 41.0 275 46.0 305 51.0 335 56. 0 
216 36.1 246 41.1 276 46.1 306 51, 2 336 56. 2 
217 36. 3 247 41.3 277 46.3 307 51.3 337 56. 4 
218 36.5 248 41.5 278 46.5 308 51.5 338 56.5 
219 36. 6 249 41.6 279 46. 6 309 51.7 339 56. 7 
220 36. 8 250 41.8 280 46.8 310 51.8 340 56. 9 
221 37.0 251 42.0 281 47.0 311 52. 0 341 57.0 
222 37.1 252 42.1 282 47.2 312 52.2 342 57. 2 
223 37.3 253 42.3 283 47.3 313 52. 3 343 57.4 
224 37.5 254 42.5 284 47.5 314 52. 5 344 57.5 
225 37. 6 255 42.6 285 47.7 315 52.7 345 57.7 
226 37.8 256 42.8 286 47.8 316 52. 8 346 57.9 
227 38. 0 257 43.0 287 48.0 317 53. 0 347 58. 0 
228 38. 1 258 43.1 288 | 48.2 318 53. 2 348 58. 2 
229 38. 3 259 43.3 289 48.3 319 53. 3 349 58. 4 
230 38. 5 260 43.5 290 48.5 320 53. 5 350 58.5 
231 38. 6 261 43.6 291 48.7 321 53. 7 351 58.7 
232 38. 8 262 43.8 292 f 48. 8 322 53.8 352 58. 9 
233 39. 0 263 44.0 293 49. 0 323 54. 0 353 59. 0 
234 39.1 264 44.1 294 49. 2 324 54, 2 354 59. 2 
235 39.3 265 44.3 295 49.3 325 54.3 355 59. 4 
236 39.5 266 44,5 296 49.5 | 326 54.5 356 59. 5 
237 39. 6 267 44.6 297 49. 7 327 54.7 357 59. 7 
238 39. 8 268 44.8 298 49. 8 328 54, 8 358 59.9 
239 40. 0 269 45. 0 299 50. 0 329 55. 0 359 60. 0 
240 40. 1 270 45.1 300 50. 2 330 55. 2 360 60. 2 
241 40.3 271 45. 3 301 50.3 | 331 55. 4 361 60. 4 
242 40.5 272 45. 5 302 50. 5 332 55. 5 362 60. 5 
243 40.6 | 273 45. 6 | 303 50.7 | 333 55. 7 | 363 60. 7 

if ! t ~ 
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"790 GRAVITY. 

































































Pounds. , Gallons. || Pounds. | Gallons. || Pounds. | Gallons. || Pounds. | Gallons. 
210 36.0 240 41.2 270 46.3 300 51.4 
211 36. 2 241 41.3 271 46.5 301 51.6 
212 36. 4 242 41.5 272 46.6 302 51.8 
213 36.5 243 41.7 273 46.8 303 52.0 
214 36.7 244 41.9 274 47.0 804 §2.1 
215 36.9 245 42.0 275 47.2 805 52.3 
216 37.1 246 42.2 276 47.3 306 62.5 
217 37.2 247 42.4 277 47.5 307 52. 6 
218 37. 4 248 42.5 278 47.7 308 52. 8 
219 37.6 249 42.7 279 47.8 309 53.0 
220 37.7 250 42.9 280 48.0 310 53. 2 
221 37.9 251 43.0 281 48. 2 811 53. 3 
222 38.1 252 43.2 282 48.4 312 53.5 
223 38. 2 253 43.4 283 48.5 313 53.7 
224 88. 4 254 43.6 284 48.7 314 53.9 
225 38. 6 255 43.7 285 48.9 315 54. 0 
226 38. 8 256 43.9 286 49.1 316 54. 2 
227 38.9 257 44.1 287 49.2 317 54.4 
228 39.1 258 44,2 288 49.4 318 54.5 
229 39.3 259 44,4 289 49.6 319 54.7 
230 39. 4 260 44.6 290 49.7 320 54.9 
231 89. 6 261 44.8 291 49.9 321 55.0 

. 232 39. 8 262 44.9 292 50.1 322 55. 2 
233 40.0 263 45.1 293 50. 2 823 55. 4 
234 40.1 264 45.3 294 50. 4 324 55. 6 
235 40.3 265 45.5 295 50. 6 325 55.7 
236 40.5 266 45.6 296 50.8 326 55.9 
237 40.6 267 45.8 297 50. 9 327 56.1 
238 40.8 268 46.0 298 $1.1 328 56. 2 
239 41.0 269 46.1 299 61.3 329 56. 4 

85° GRAVITY. 
195 36.0 225 41.5 255 47.0 285 52.5 
196 36.1 226 41.7 256 47.2 286 52.7 
197 36. 3 227 41.9 257 47.4 287 52.9 
198 36.5 228 42.0 258 47.6 288 53.1 
199 36.7 229 42.2 259 47.8 289 53.3 
200 36.9 230 42. 4 260 47.9 290 53.5 
201 37.1 231 42.6 261 48.1 291 53. 6 
202 37. 2 232 42.8 262 48.3 292 53.8 
203 37.4 233 43.0 263 48.5 293 54.0 
204 37.6 234 43.1 264 48.7 294 54. 2 
205 37.8 235 43.3 265 48.9 295 54.4 
206 38. 0 236 43.5 266 49.0 296 54. 6 
207 38.2 237 43.7 267 49. 2 297 54.8 
208 38. 4 238 43.9 268 49.4 298 54.9 
209 38.5 239 44.1 269 49. 6 299 55.1 
210 38,7 240 44.2. 270 49.8 300 55.3 
211 38.9 241 44.4 271 50.0 301 55. 5 
212 39.1 242 44.6 272 50.1 302 55.7 
213 39. 3 243 44.8 273 50. 3 303 55.9 
214 39.5 244 45. 0 274 50.5 304 56.1 
215 39. 6 245 45. 2 275 50. 7 305 56. 2 
216 39.8 246 45.4 276 50. 9 306 56. 4 
217 40.0 247 45.5 277 51.1 307 56. 6 
218 40.2 248 45.7 278 61.3 308 56.8 
219 40.4 249 45.9 279 ] 51.4 309 57.0 
220 40.6 250 46.1 280 51.6 310 67.2 
221 40.7 251 46.3 || 281 51.8 311 57.3 
222 40.9 252 46.5 282 52.0 312 57.5 
223 41.1 253 46.6 283 62.2 313 57.7 
224 41.3 254 46.8 284 52.4 314 57.9 
























































Pounds 


330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 


315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 


. | Gallons. 


56. 6 
56.8 
56.9 
57.1 
57.3 
57.4 
57.6 
57.8 
58.0 
58.1 
58.3 
58.5 
58. 6 
58.8 
59. 0 
59, 2 
59.3 
59. 5 
59.7 
59. 8 
60. 0 
60. 2 
60. 4 
60. 5 
60.7 
60.9 
61.0 
61. 2 
61.4 
61.6 








58.1 
58.3 
58. 4 
58.6 
58. 8 
59. 0 
59. 2 
59. 4 
59. 6 
59.7 
59.9 
60. 1 
60. 3 
60. 5 
60.7 
60.8 
61.0 
61.2 
61.4 
61.6 
61.8 
62.0 
62.1 
62.3 
62.5 
62.7 
62.9 
63.1 
63. 2 
63. 4 
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TABLE OF THE SPECIFIC GRAVITY CORRESPONDING TO EACH DEGREE OF BAUME’S HYDROMETER; ALSO, THE 
NUMBER OF POUNDS CONTAINED IN ONE UNITED STATES GALLON AT 60° F. 




















Baumé. | cEovity,| gallon, || Baumé. | SPecifle | In one 
Deg. Deg. Pounds. Deg. Deg. Pounds. 
10 1. 0000 8. 33 43 0. 8092 6.74 
11 0. 9929 8. 27 44 0. 8045 6. 70 
12 0. 9859 8. 21 45 0. 8000 6. 66 
13 0. 9790 8.16 46 0. 7954 6. 63 
14 0. 9722 8.10 47 0. 7909 6. 59 
15 0. 9655 8. 04 48 0. 7865 6. 55 
16 0. 9589 7.99 49 0. 7821 6. 52 
17 0. 9523 7. 93 50 0. 7777 6.48 
18 0. 9459 7. 88 51 0. 7734 6.44 
19 0. 9395 7. 83 52 0. 7692 6. 41 
20 0. 9333 7.78 53 0. 7650 6. 37 
21 0. 9271 reir 54 0. 7608 6. 34 
22 0. 9210 7.67 55 0. 7567 6. 30 
23 0. 9150 7. 62 56 0. 7526 6. 27 
24 0. 9090 7. 57 57 0. 7486 6. 24 
25 0. 9032 7. 53 58 0. 7446 6. 20 
26 0. 8974 7.48 59 0. 7407 6.17 
27 0. 8917 7.43 60 0. 7368 6. 14 
28 0. 8860 7.38 61 0. 7329 6.11 
29 0. 8805 7. 34 62 0. 7290 6. 07 
30 0. 8750 i290 63 9. 7253 6. 04 
31 0. 8695 7. 24 64 0. 7216 6. 01 
32 0. 8641 7.20 65 0. 7179 5. 98 
33 0. 8588 7.15 66 0. 7142 5. 95 
34 0. 8536 Mendel 67 0. 7106 5. 92 
35 0. 8484 7. 07 68 0. 7070 5. 89 
36 0. 8433 7.03 69 0. 7035 5. 86 
37 0. 8383 6. 98 70 0. 7000 5. 83 
38 0. 8333 6. 94 75 0. 6829 5. 69 
39 0. 8284 6. 90 80 0. 6666 5. 55 
40 0. 8235 6. 86 85 0. 6511 5. 42 
41 0. 8187 6. 82 90 0. 6363 5. 30 
42 0. 8139 6.78 95 0. 6222 5.18 

MEMORANDA. 


One United States gallon of pure water = 231 cubic inches, contains 58,318 grains (or 3779.031 grams) =8.331 pounds avoirdupois. 
One imperial gallon of pure water — 277.276 cubic inches, contains 70,000 grains (or 4536.029 grams) = 10 pounds avoirdupois. 
One cubic foot of pure water at 60° F. contains 1,000 ounces = 62.5 pounds avoirdupois. 

To reduce imperial gallons to United States gallons, divide by 1.2. 

To reduce United States gallons to imperial gallons, multiply by 1.2. 

To reduce United States gallons to cubic feet, divide by 7.5. 

To reduce cubic feet to United States gallons, multiply by 7.5. 

To find the number of pounds avoirdupois in one cubic foot of any substance, multiply its specific gravity by 62.5. 


To find the degree Baumé corresponding to any specific gravity: 


140 
sp. gr. 


— 130 =B.° 





To find the specific gravity corresponding to any degree Baumé: 


uo, 
130 +B. — SP: 8 
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CuapreR X.—PRODUCTION OF PETROLEUM IN THE UNITED STATES 
DURING THE CENSUS YEAR. 


Section I.—THE CONDITIONS OF THE PROBLEM. 


The localities which furnished the petroleum which entered the commerce of the United States during the 
census year were the region in northwestern Pennsylvania north and east of Pittsburgh; Mecca, in Trumbull 
county, Grafton, in Lorain county, and Washington county, Ohio; Pleasants, Wood, and Ritchie counties, West 
Virginia; Greene county, in southwestern Pennsylvania, and Glasgow, in Barren county, Kentucky. 

The actual production of petroleum in the United States cannot be accurately given for any period of time; 
but an approximate estimate has been made up from all available sources of information, which is believed to be as 
nearly correct as can be made. The reports of the pipe-lines are believed to be correct; but they do not necessarily 
represent the production of oil. The statistics of production are usually made up of the total amount of oil run 
into the pipe-lines, an estimated amount handled by private lines and tank-cars, and “dump oil” handled in barrels, 
to be modified by adding or subtracting the amount of oil added to or subtracted from the stock in private and 
well tanks during the year. . 

The receipts of the incorporated pipe-lines have been reported in accordance with the requirements of a law 
of the state of Pennsylvania, and are easily accessible. I have received estimates of the oil handled by private 
lines and “dump oil”, verified in some instances from independent sources, and, on the whole, I believe from well- 
informed and reliable parties. 

The estimation of the amount of oil held in tanks at wells is at all times a problem of great difficulty. This 
difficulty is due to the fact that the business of producing oil is conducted in such a manner that the owners of the 
wells themselves do not know how much oil is in their tanks; and further, that they do not, in the aggregate, care 
to have the production of their wells known. Again, if the owners were anxious to have a census of the oil in tanks 
taken, it would have to be done simultaneously, as the amount in the tanks is constantly changing; and such 
concerted action as would be necessary would be beset with practical difficulties if it were unanimously 
agreed upon. Mr. J. C. Welch is in constant communication with a number of those producers who conduct 
their business in the most systematic manner, and really know from actual measurement how much oil runs into 
their tanks from day to day. From this exact information, and much other scarcely less reliable in its character, 
he makes up his daily and monthly reports, which are much the most reliable of any furnished in reference to 
this subject. I shall therefore quote from his reports in reference to this matter. In his report for August, 1879, 
he writes: ‘ 

There is no accumulation of stocks at wells anywhere except in the Bradford district. In the Bradford district, as is well known, 
the stocks at wells are very large, generally and probably rightly estimated in the vicinity of 1,500,000 barrels. By my table, given 
above, of comparative stocks at wells of the same owners July 1 and August 1, I find on the Bradford stocks my returns show an increase 
of a little over 3 per cent. Taking this increase on, say, 1,400,000 barrels, and it would make about 45,000 barrels of July production as 
having gone into stocks at wells. This would be about 1,500 barrels per day, and, added to July Bradford pipe-runs, would make my 
estimate of the production of that district saved in July a daily average of 39,556 barrels. In districts other than Bradford I think the 
pipe-runs of July substantially represent the production. In the light of these facts, and bringing forward my estimate of June, I 


estimate the production out of the ground, with the exception of what was lost in the Bradford district in July (of which no intelligent 
estimate can be made), as follows: 

















5 uly. June. 

Barrels. Barrels. 

Butler & Armstrong...-.....-..-- 6, 569 7, 000 

Clarion 22 Jeet) ase ee 5, 034 5, 100 
Bullion; asec -<.cewee see esos 1, 086 1,100 | 

Of Caras Ree ee 3, 679 3, 900 

Brediord cesses aeeaa = see eseme ene 389, 556 41, 600 
55, 924 58, 700 | 





In his September report he says: 

My returns of the stocks at wells of the same owners in the Bradford district August 1 and September 1 show great uniformity. 

In his October report he writes : 

The Bradford stocks at wells October 1, compared with September 1, show a decline of 7 per cent. Taking this percentage from the 


presumed stocks at wells in the Bradford district September 1, 1,500,000 barrels, and it makes a decrease in September of 105,000, or 3,500 
barrels a day going into pipe-runs. 


In November his returns from the owners of the wells showed a gain of over 5 per cent., giving 1,470,000 
barrels as the stock November 1. Owing to the loss during that month, the reported stocks December 1 were 
1,395,000 barrels, the same as on October 1. Referring to his reports from well owners for December, in that for 
January, 1880, he says: 

This shows a decline in the Bradford stocks I received of 17'per cent., and substantially no change in the stocks in Butler and 


Clarion. Assuming a stock at the Bradford wells, December 1, of 1,400,000 barrels, which in the general estimate is not far from being 
right, a decline of 17 per cent. would reduce them during December 238,000 barrels. 
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In his February report he says: 

The decline in the Bradford district on the above stocks in January was 6 per cent., against a decline in December of the stocks I 
received of 17 per cent. 

His returns show a gain in February of 7 per cent., in March of 13 per cent., and in April of 145 per cent. In 
his May report he states: 

I have returns of 121,993 barrels of oil at 882 wells, May 1, making an average per well of 138 barrels. Taking the Bradford wells, 
May 1, at 6,600, it would make a total stock at those wells, May 1, of 910,800. * * * Drilling wells finished in May have been very 
considerable in number, and will show a high average of production, as the new territory now being operated upon between Bordell City 
and the Gray and Van Vleck wells has proved exceptionally rich. 

In his report for June, which brings up his statisti¢s to June 1, 1880, and closes the census year, he says: 

I have received returns of 988 Bradford wells, June 1, with stocks at them, exclusive of wells that had their well stocks burned in May. 
These 988 wells had stocks, June 1, of 167,694 barrels, an average of 171 barrels. Taking 7,000 wells as the number in the Bradford district, 
June 1, and with this average the total Bradford well stocks, June 1, were 1,197,000. The large amount of oil lost in the Bradford district 
makes estimates on the production there an uncertain thing. The amount lost now is estimated as high as 10,000 and 12,000 barrels daily. 

Mr. Welch estimated the average number of barrels per well for April as 138, and for May as 171; an increase 
in average well stocks during May of nearly 24 per cent. per well, and in total well stocks of over 31 per cent. In 
his report for August, 1880, he says: 

I have received returns from 1,443 Bradford wells, August 1, showing stock at them of 270,821 barrels. The average per well is 187.6. 
Of these 1,443 wells, 1,078 belong to companies that have 30 wells or more, with an average per well of 1874 barrels; the other 365 wells, 
from companies owning less than 30 wells, show an average per well of 188} barrels. This, I think, shows clearly that my average of 
187.6 for the entire number of wells is not vitiated on account of the returns being mostly from the larger companies. 

I think this statement is good evidence of the general accuracy of Mr. Welch’s conclusions, as the 1,443 wells 
were about one-fifth of the whole number at that time in the Bradford district. 

In an editorial article, August 1, 1879, the Oil City Derrick remarks: 

There is a large extent of territory in the Bradford field, but it has now 4,700 producing well. 

In an article the following day the same paper remarks: 

The Derrick is generally able to back up its assertions with figures, and we have prepared a table of all wells completed in the 
Bradford region since drilling began in 1875, with their production each month. These figures have been carefully compiled from the 
monthly oil reports, and are as accurate as can possibly be obtained without visiting personally every well in the region. We believe 
the table below does not vary from the actual producing wells 100. 

I have completed this table from the files of the Derrick to September 1, 1880, and have added a column 
showing the average initial daily production per well for the productive wells drilled each month. 


TABLE SHOWING THE NUMBER OF PRODUCTIVE WELLS DRILLED EACH MONTH, AND THEIR AVERAGE INITIAL DAILY 
PRODUCTION FOR EACH MONTH, FROM JULY 1, 1875, TO SEPTEMBER 1, 1880, IN THE BRADFORD DISTRICT. 














































































































Productive | Initial dai i itial dai 

Month. vals’ drilled. sae rp AvexeEe Monte as drilled. cle errr Average. 

1875. Number. Barrels. Barrels. 1878. Number. Barrels. Barrels. 
JUN Sse SSeS Spooner CooL Eee eres 6 174 29.00 | SS ANUALY: som sasierice staelemania tes =!saleiesie(e 105 1, 537 14. 64 
COLIC A) in oR OSCR: SCRE EIEEE OC eaeiog 2 50 25. 00 PEO DEWAR Vie we stelemiioe nel sereiaa ate eee tal tale = 96 1, 508 15,71 
MOPLOMDEL =< 2.2 nese cree ee wees ceeees 3 94 31. 33 March’ sujeecihacsessaeae sotiiem ashe be 110 1, 758 15. 98 
MUPRUD EU meee eeices fehl soot le cc sew usin cs 8 160 20. 00 ACDVAL Eanes Ristemetcs eel ccaaaicesas'sns 220 3, 597 16. 35 
DORMER Pia s-2> Osos ck as sae avancee 3 44 14, 67 Diy iia: tek Span dads « oottae Sabu etieneaee 346 5, 650 16. 30 
DOBORMIVGL let cekawe sir casatunessenes 1 25 25. 00 PUNO: hep seater mnceinen ada tacinalsine 205 3, 264 15. 92 
ae Teh Re EO WUY aes sotincenad yt tude sea stowane tes 151 2, 437 16. 14 
ESP al ot at Bee pr Noe ee Ae alle Mampag ait it an Aoi, Ak byst 142 2, 632 18. 54 
SOPLOMD Ol ate ae Calpe aisaiss ses ainsinis minia 122 1, 938 15. 89 
1876. OCtODOIe sencean state euricies =a aeieeess 186 2, 572 13. 83 
MPU AE ies ne acla\ee o<ivnive sojesnncsasins ss 11 155 14. 09 INoVveMibetec nes seceoreet oaaeoscen a= 211 2, 724 12. 91 
EIGDIUATY sos varie --s-ccceesa-5s5-~=* ob 252 22. 91 Decembery-sessssceeacessaassennssee 127 2, 575 20. 28 
cy ee Sa en ieee hall Pr AC RE 
Beene cncatccrerr7Sfe-c-res<n>=4 gf ava Te | JANUALyY <.-cece----- SWOT sta AR 110 2, 017 18. 33 
BEBE a sh-p ava nen === --annann-nan a= > a b44 Re RO Nh) ‘weciehawre age UM) Cy Be yr hiL 107 2,525 | 23. 60 
DULY oan 22- <2 <== 0240 0+sonnse sens sans Le: a SOB EM AkG te teeter, BS oooh hh ct 202 4,705 | 23, 29 
RE cap aen <n acne ~~ - no nersnennss Ey pee FP ctokbell ae Ge A pc Saal Eel iamieh ate 233 5, 805 24. 91 
BODLOMDOL ie a seslem een cena ees +> == 29 412 14. 21 Mae RUSLAN 28 ey, Bone 355 8 559 24.11 
DRDO ec atic ao 30-9 = oe pen eens ns 52 550 Hit Gee oa Pe SRR Se ea Cae ene 308 7.902 25. 66 
Meteors 72-~ 2b 2-082: a ae Lia adie hak ie Gitar Lae ie eines 269 7, 291 27. 10 
Ie a ea shat Peas aH Paha cee pte in Oe ee has ae 206 5, 939 28. 83 
Thy jar Riss eae 357 5, 098 14, 28 Deptem pens ateeress seem ey oases ote 160 4, 639 28. 99 
ae CUO O acme aie eerie sata aieret = ete w 167 4, 837 28. 96 
NOVOMIDGEA. 22 4s8 ee 4s assis cee <sinice's 148 4, 065 27.47 
1877. elocem ber ance rete aesse seer eae et 188 5, 657 30. 09 
9 | eee ees a | 
ire ramen Lhh ler E tao, gay is tear a AES Le 
ae vawemapicig ed cidns s<a22anccinvisn- es ee UREN sevak 2 OR ee too 216 5, 999 27.77 
<i RE Re oo eae ve pe rae MGDV UAL aas one eet es jae Samleees 2 256 7, 542 29. 46 
‘oe Pets OCR 73 os ae = ae ee aI Aerebebe ences oe cei cas 335 8, 185 24. 43 
June BESO 2S SE 6 ee SAS we eee eee ee eae 52 515 9. 90 A l Be ae ee a cd H 418 10. 531 25. 19 

Dire eme socaee eee sh een e =e ; 

BUY Sats ann nein cords hedeie nap cae <7 gf mae ALTA ES a gi ta) ee 409 | 11, 554 28, 25 
ANEDBE,-.+--+20+-0 00s eqemnnnnnenan oF o Bere rene ML Wee = 5, | 302 8, 959 29, 67 
Heptemipeles sweesckal~-esareastians 84 1, 158 13.79 | SRT eae Wet we 311 7. 839 95,21 
RUOUOWEE ch rine y «nthe <saddwee Set cy 153 2, 091 Ae AN WT eheete Uber sc FETA Os | 395 8. 587 26, 42 
NOVvoUIber Ve we. sachs ives atidac oc ee 114 1, 368 12.00 | OR Get) Gare gi Mia, Mel Sete eso 6 
Wecempere ices sw ceeies soedesdansiezs 143 2, 502 17.50 | Total eight months ..-.....-.-.} 2,572 | 69, 196 26. 90 
LOU cio a tniecccehidea ssa nae 874 11, 150 12. 76 | Total census year.............. 3, 080 | 84, 14 27. 32 
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GENERAL SUMMARY. 




















Productive | Initial daily | Average per 
Years. | wells drilled. | production. well. 
Number. ' Barrels. Barrels. 
0875, six MONthSs .escee seers eee aa 4 23 547 23. 78 
1876, twelve months...........-..---- 357 5, 098 14. 28 
1877; twelve months. . cess -coee ees ees 874 11, 150 12.76 
1878 twelve months........--.....--- 2, 021 32, 192 15. 93 
1879, twelve months...-....-----e...- 2, 453 63, 941 26. 07 
1880, eight months ...........-..----. 2, 572 69, 196 26. 90 
Totals. scsstssaeciececdooce wea 8, 300 182, 124 21. 94 
At beginning of the census year..... / 4, 282 72, 598 16. 95 
At end of the census year ....-...--- 7, 362 156, 739 * 21,29 





An examination of this table shows that the 357 wells drilled in 1876 started off with a production of an 
average of only 11.48 barrels per day. At that time the Butler-Clarion district was at the height of its prosperity, 
with an occasional] well of great value, leaving but little inducement for labor in the northern field. The 874 wells 
drilled the following year averaged a little better, but only 12.76 barrels per day. The 2,021 new wells of 1878 
started off at a daily average of 15.93 barrels. In 1879 only 432 more wells were drilled, but their average initial 
daily production was 26.07 barrels, an increase of 63 per cent. The 4,282 wells that had been drilled in the four 
years preceding the beginning of the census year started off with a production of 72,598 barrels; the 3,080 wells 
drilled during the census year started off with a production of 84,141 barrels. Allowing the production of all the 
wells drilled previous to the census year to have been, June 1, 1879, 50 per cent. of their original flow, which is 
perhaps allowable when we consider that more than half were not twelve months’ old, the production must have 
been increased during the census year 232 per cent. It is true that during this and the previous year the production 
of other fields had been declining, but the increased production in the Bradford district was beyond all precedent, 
and was due, first, to an increased number of wells, and, second, to a greatly increased average initial daily 
production, that average having risen from 19.41 barrels during the twelve months preceding the census year to 
27.32 barrels during that year, an increase of 41.78 per cent. 

Commenting on the monthly report of ‘oil operations” for May, 1879, the Oil City Derrick, in its issue of May 
31, 1879, the day before the beginning of the census year, says: 

As regards production and consumption, the supply and demand, we cannot discover anything in common between this and preceding 
years. Not one element of the outlook at the present time has a true counterpart in any preceding period. In 1874, when the market 
declined to about 40 cents, the outlook was bright as compared with the present. The daily production at that time was between 25,000 
and 30,000 barrels. It is now not less than 50,000 or 52,000 barrels. The stock held in the oil regions then did not exceed 3,000,000 
barrels. It is now not less than 7,000,000 barrels, and constantly augmenting. The decline at that time was attributable to the increased 
production caused by the striking of the large fourth-sand wells on the Butler county cross-belt. The territory where those wells were 
found was limited to a small area, and the gushers declined rapidly. Now the territory known to. be prolific is almost boundless. * * * 
Developments in the Cole Creek district are being pushed with a persistence that bodes no good for the future price of the product. The 
producers are paying extravagant prices for the privilege of drilling. 

On this day oil opened and closed at 73? cents per barrel. 

June 28 the Derrick’s special report on the petroleum market says: 


We are informed by parties who know what they are talking about that the stock at the wells in the Bradford district at the present 
time is not less than 1,000,000 barrels. 


August 29 the report for that date says: 


The condition of tankage in the northern region has not improved, notwithstanding the enormous shipments during this month 
being full and running over. The matter is further complicated by the necessity the lines are under of emptying two 25,000-barrel tanks, 
which have sprung a leak. The status of the wells may be judged of from the fact that the first fifteen days of this month 60,000 barrels 
of wooden tankage was erected in the Bradford region, all of which is presumably full. 

September 1 petroleum opened at Oil City at 658 cents. The editor of the Derrick congratulated the trade 
that the monthly report for August showed fewer wells finished and but little addition to the daily production, and 
indulged the hope of improved prices. The report of petroleum markets for that date says: 


If the well reports should show a decline, men will anxiously jump in and buy, to find ultimately that there is a sufficiency of 
petroleum to spare for all. There only needs an advance of a few cents to set the walking-beam wagging and producers by the ears again, 


scrambling after more territory. 

The sagacity of this remark is exemplified in a remarkable manner in the history of the few months following. 
In the issue of September 12 the Derrick again warns its patrons of the dire effects of overproduction, and implores 
them to stop drilling, giving figures to show that the production was continually on the increase and stocks 
accumulating. Again, on the 20th, this paper refers to the quarrel then going on between the owners of tanks 
and the pipe-lines, and says: 


It is easy to trace back all these troubles to overproduction. The owners of large tanks soon fill the capacity, and then seek means 
to have it emptied that it can be again filled from their flowing wells, Even if they put up new tanks, it is but a short time before they 
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are filled. We hear reports of 25,000-barrel tanks being built in many of the districts; yet how slight is all this new capacity when 2,000,000 
barrels and over are backed up at the wells. Still the production goes on increasing. Our specials every morning give a long list of new 
wells. Consider the millions of stock on hand; the markets abroad nearly glutted with refined; storage capacity in the East nearly or 
quite filled; every well of the thousands in the Bradford district flowing daily into tanks already full or overflowing; pumping-wells 
forced to shut down or pump on the ground; then look at the new rigs going up and new wells daily coming in; the market hanging 
dead and lifeless at a ruinous figure; and ask yourself what must be the result of all this? Every week the production is greater than 
the week before; there is no use denying these facts, nor shirking the results they will bring. 


Again, on the 23d, the editor remarks: 


The runs on Saturday (20th) and Sunday (21st) were the largest ever known in the history of the trade. They amounted to over 
132,000 barrels. 

In the face of this enormous production the price of oil advanced, and on the 30th of September closed at 793 
cents. The next day, in consequence of the decrease of rigs and completed wells in the Bradford district, it advanced 
to 824 cents. The development of oil territory continued to decrease until December, and the price advanced, with 
occasional fluctuations, until on December 3 it touched 1284. The result of this movement was a general advance 
along the entire line of production and a gradual reduction of prices, culminating in the spring of 1880 in such an 
outflow of oil as rendered all attempts to transport it futile. The pipe-lines were taxed beyond their capacity; 
storage tanks and well tanks were all full, and the oil flowed out upon the ground; but the drilling went on, and 
the average production kept pace with the unparalleled number of wells. 

The following statement gives the number of wells finished, the average number of barrels per day, and the 
average price of oil during the census year, divided into quarters: 























Average 

Number | number of ae pect 

of wells. | barrels | PPCS® 

| per day. ae 
First quarter... .2s-..csecs-e~ Peele nicht e Sishiais qaaiisioalale's s 783 26. 99 $0 70 
Second quartela-ccneseenetee sence es eteace saucer ees 475 28. 51 85 
Mitra quartore as ace cteeatse cate acess ela temo o ae laren: 660 29. 09 110 
ee Wourthiqnarter sae <n sree een ee 1, 162 26. 05 83 








The advance in price beyond $1 in December stimulated production to an extent hitherto unparalleled, and 
produced, near the close of the year, a reaction in prices that touched 725 cents on the 5th of May. Thus the 
year opened and closed with oil at nearly the same price. 

_ As indicated in the foregoing pages, an estimate of the amount of third-sand oil produced during the census 
year embraces the following items: 

1. Pipe-line runs. 

2. Fluctuations in well stocks. 

3. Oil wasted. 

4, Oil burned in tanks outside of pipe-lines. 

5. Oil marketed outside the pipe-lines, otherwise known as ‘‘dump oil”. 


SECTION 2.—W ELL STOCKS. 


Mr. Welch’s monthly reports of the percentage of gain or loss in well stocks in the Bradford district, and his 
estimates of the actual stocks per well on May 1 and June 1, 1880, being based upon a sufficient number of reliable 
returns of individual wells, and carefully made, I think may be taken as substantially correct. They afford the 
means of revising his estimates of the gross Bradford well stocks for the earlier months of the census year, which‘ 
like most published estimates for that period, are excessive. Taking his estimate of the average Bradford stocks 
on May f, 1880, 138 barrels per well, and the total number of productive wells which had then been drilled, 6,953, 
we derive 959,514 barrels as the total Bradford well stocks at that date. In the same manner, applying his average 
per well on June 1, 1880, 171 barrels, to the total number of productive wells that had been drilled at that date, 
7,362, we reach 1,258,902 barrels as the Bradford well stocks at the close of the census year. It is true that some 
of these wells were doing little or nothing; but the 988 wells upon which the average of 171 barrels per well were 
based included all classes of wells, and I regard the average as substantially correct. 

The monthly fluctuations from July 1, 1879, to May 1, 1880, were reported by Mr. Welch as follows: In July 
a gain of 3 per cent.; in August no change; in September a loss of 7 per cent.; in October a gain of 53 per cent. ; 
in November a loss equal to the gain in October, so that stocks stood December 1 precisely as they stood October 1; 
in December a loss of 17 per cent.; in January a loss of 6 per cent. ; in February a gain of 7 per cent.; in March 
a gain of 13 per cent. ; in April a gain of 144 per cent. 

This is a net increase for the ten months from July 1, 1879, to May 1, 1880, of 348°5 per cent. But the stocks 
at the later date, as we have found, were 959,514; consequently the stocks July 1, 1879, were 927,379, instead of 
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1,400,000, which Mr. Welch gave as the general estimate of the actual well stocks at that date, and which he himself 
adopted. Accepting, therefore, Mr. Welch’s rates of the monthly fluctuations, and his conclusions as to the stocks 
of May and June, 1880, as correct, and taking the increase for June, 1879, as 144 per cent., which is my judgment 
of the change for that month, we derive the following tabular statement of the Bradford well stocks for each month 


of the census year: 

















on | Percentage of in- | Percentage of in 
| Whole num- | crease or decrease | Whole num- crease or decrease 
: ber of oe tenes once | Number of | of wellstocks dur. Math re een oeke Namber of of well stocks dur- 
ductive wells} at wells on ae i ch th. on dk ; ; 
Month. drilled prior “the Ist of parrels pal eed ae aera | Month. drilled prior| the lstof pares ing page Pian 
to the Istof | eachmonth., Pe We". to the Ist of | each month.| Pe? We™- 
each month. Increase. | Decrease. | each month. Increase. | Decrease. 
| 
1879. Barrels. | Per cent. | Per cent. | 188v. Barrels. Per cent.| Per cent. 
SUNG eee eee 4, 282 812, 067 189, 65 12 bates oe || January ........ 5, 728 737, 319 128;-72)) | se eee 6 
July tec scene 4,590 927, 379 | 202. 04 | 37 | 9 a eee February ...---- | 5, 944 693, 080 116. 60 7 eee 
AUGUSE Cometecsesl its 4, 859 955, 200 TE RLS Ye er eecoe | Marehyc.ccre- =: 6, 200 741, 596 119. 61 AB WieSss ater are 
September......- 5, 065 955, 200 LBB rO0 beanie etaie 7 April cas se espe 6, 535 838, 003 128. 23 14$) |-soee ete 
October.......--- 5, 225 888, 336 170. 02 58 seers tees HieMiay rene once 6, 953 | 959, 514 138. 00 S1i\gee ee 
November ...-.-.-- 5, 392 936, 084 LTSIOL | cees cee 5Syp || June.-......-.-- 7, 362 1, 258, 902 171.00 |i nosoniselssaeemieeer 
December .....-- 5, 540 888, 336 60:35) Soe. eee 17 









































An inspection of this table will show that the well stocks at the close of the year were 446,835 barrels more 
than at the beginning. 


Srcrion 3.—OIL THAT WAS WASTED AND BURNED. 


Of the oil that ran to waste no estimate approaching accuracy can be made. Mr. Welch says, in his report 
for August, 1879: 


It is well known a large amount of oil went to waste in July on account of inability to take care of it. Early in the month there 
may have been 5,000 or 6,000 barrels per day lost in this way, and considerable loss continued most of the time during the month. 


In his report for September he says: 


I may say that there was scarcely any oil lost in the district in August, while in July there was a large amount, and this month 
there is some being lost, although probably no great amount. 


In his report for June, 1880, he says: 


The large amount of oil being lost in the Bradford district makes estimates on the production there an uncertain thing. The amount 
lost now is being estimated as high as 10,000 and 12,000 barrels daily. 


On comparing these statements with the table given above, it will be seen that the losses that were reported 
from the unavoidable waste of oil in July, August, and September, 1879, and in May, 1880, corresponded in the first 
three months with those periods when the average stocks at wells were nearly 200 barrels each, and in the last 
instance with a sudden increase of those stocks by 31 per cent., which raised that average in one month from 138 
to 171 barrels per well. 

Returns from four large corporations owning 296 wells distributed in the Bradford district give a total loss 
from oil wasted of 13,620 barrels, an average of 46 barrels per well. These losses occurred in July, August, and 
September, 1879, and in May, 1880. There were nearly 5,000 wells in August, 1879, and nearly 7,000 in May, 1880. 
Assuming that this loss of 46 barrels per well occurred upon 6,000 wells, a total loss occurred of 276,000 barrels. 
I have placed this loss at 275,000 barrels, and believe this a conservative estimate, for the reason that this average 
is based on returns made by gentlemen who took great care to make them correct, and also because this loss 
occurred on the property of corporations using ample capital, with every means at their disposal to take care of 
their oil, if it were possible. The estimate made is under rather than over the amount actually lost. 

On the 6th, 9th, and 12th of May, 1880, three very destructive fires occurred in the Bradford district. The 
report of operations in the issue of the Oil City Derrick for June 1 of that year says: 

In addition to the numerous isolated rigs burned in various parts of the field previous to and since May 6, the conflagration on that 
day, which destroyed Rew City, also burned 54 rigs at that point, and fires in other points in the field on that day destroyed 101 rig 
along Foster Brook, 19 in Tram Hollow, 6 in Tuna valley, and 2 on the East branch, making a total loss on that day of 182 rigs, beside 
a large amount of tankage and a considerable amount of oil. But three days intervened between the fires of the 6th and the disastrous 
conflagration which destroyed the village of Rixford, together with 54 rigs, 3 iron tanks, and about 75,000 barrels of oil. After another 
interval of three days the last and greatest of the series of fires swept through Tram Hollow, totally destroying the hamlets of Otto City, 
Middaughville, and Oil Center, and burning 300 rigs, a 25,000-barrel tank, and a large number of smaller tanks, with nearly 100,000 barrels 
of oil. 

This gives a total of 536 rigs destroyed in these three fires, which, together with the isolated rigs burned 
during the month, have led to an estimated total of 600 rigs lost by fire in May, 1880. <A fair estimate of stocks 
at these wells would be 150 barrels per well, amounting in the aggregate to 90,000 barrels of oil burned. The 
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25,000-barrel tank belonged to the United Lines. Deducting this 115,000 barrels from the 175,000, there remains 
60,000 barrels of oilin small tanks burned. An editorial in the Derrick for May 13 concerning these fires remarks: 


The oil region has never suffered so severely from fire within so short a time as the last week. Beginning with the conflagration 
which swept away Rew City last Thursday, the flames have crept over Rixford, portions of Summit, Red Rock, Foster Brook, and Four 
Mile, and are now raging in the vicinity of Duke Center. The disasters caused by these fires are the natural result of peculiar 
circumstances. For several weeks only a limited quantity of rain has fallen, and the ground is dry and parched, while in the woods 
which stretch in an unbroken line from one end of the Bradford field to the other the leaves and dried branches are like tinder. 
Scattered through this forest stand the rigs of the oil-wells, the ground about them saturated with oil and the boilers throwing up 
sparks day and night. Railroads also traverse some sections of it, and every one who has seen the burned patches of grass or wood each 
summer by the side of the track know how prolific a source of fire the locomotive is. Add to all these favorable materials for incipient 
conflagrations a high wind blowing almost a gale, as it has most of the time this spring, and the producers may feel that they have been 
lucky in escaping so well heretofore. Beside, the operator is careless, and sets his rigs and tanks in the midst of the forest, without 
clearing up the brush or leaves, or making any effort to escape the consequences if a fire breaks out in his vicinity. The lower oil 
country escaped such widespread disaster because the land was cleared of its forest. In Butler and Clarion counties more oil was 
produced in cultivated fields than in woods, while in Bradford there is more wood than cleared land; hence the chances of fire are greatly 
increased. 


In the lower country there was no accumulation of stocks at wells; none wasted nor burned. The pipe-line 
runs therefore represent the production of that region. 
I therefore estimate the production of third-sand oil out of the ground during the census year as in section 4. 


SECTION 4.—ESTIMATE OF THE PRODUCTION OF THIRD-SAND OIL DURING THE CENSUS YEAR. 











Barrels. 
UEP TET Cr DUS gate DoE EOGS 5 SE MBE edeS Ses (Ae Se oe Se Shs Goesate sSrcpcetadciSHaaM SHE acosbgeeee 22, 628, 286 
DMC AIDE OLE SLOCKStemae cele saisat mee aaiiisale se cle cs oe clacis colle csee sume ccrc cs sssccetetcosisssdes stlcees mes a 446, 855 
WC HIRT INDOOR QUO eiseie Cele cm claw o a alam clave oe Seiatee Saie Sa wlnte oie a bin stu cln cicys ce celo cal slet'weulsoetioes cdaeds 275, 000 
A OMeDNrnedOuieL1de, OL, well StOCKS) ANC. PIPC-LINES fo c2os 5 os steric aelcwiswleicid wlohe aiaelpwlaslstjeweolasse seis oa 60, 000 
POU RN (OL TUM TN DYiVAte LIDOS .tv.ceas oo o> avsccniarce.¥ oes! wnaed casie.geniennpismere np éde dian esos 578, 670 
a rere pea Pena areata Vem mreeias als aime sie hd ode eels e seins a\c00ene p6e ow eceuens eee cargoes cinhus 23, 988, 791 

This oil was produced in— 

Barrels. 
Nara CUNMON LOLI Ons LWanicegtratelsctelaacete dite sistas as ate vniaaiolt = mele nib iaisje'cla cin ele clean atu \nmign\els wayntieis doe elneils 23, 835, 982 
Po ponerCouiin ye Penns yy AUl a pce. meet stem) one Se ie ee ace icine Bais Dele aim ot yee nce tae sale So Sm sacs stile ses 3, 118 
Ge CIA EG. WW BEDID PLON-COUMLY sg ODIO.» «niscmccs oeiee vs encinnd oon ben adas sander Gaencewecenesseweees 138, 325 
See EMD San een gee nicea SOM Ren es chine deco cnle ade «28 wot saciised sweets ns pad ona debieden suber 5 a 5, 376 
BUN om Fa ya cece sre cismwe nies aon ome sen o-00 nan bavisivin ne onsen sen oe noe Senn eciehin ssidinnsa ca cees tase | 2d; 900, 19k 














The second-sand oil is produced near Franklin, Pennsylvania, and embraces also the B, ©, D, and E grades of 
West Virginia oils. Of this oil there was produced in— 








Barrels. 
POeUPWITRUNG Joc cics cues acts. ses es BE SORE ES SO SoNOID EO SORE EEO EY ae TP CL tp ec Saree carey dee 68, 392. 88 
Near Franklin, Pennsylvania ....... IQ8606 Son GgeHnGeo tab 50 Shaduee tened quenee anongde toe seb Bor BES LaSAce 105, 600. 00 
SME UO SARTO eee oUt caw ang cn at wae fas eth ew aaa cmansorgassese sat eaneone sh aseesvid nnn wss manele ook 2,773. 00 
eM ener tee eee ce Man eee dine sete aes Keane ond natives ssicndecgiaen os Se ss~e.dnwekle> sae 176, 765. 88 














Four-fifths of the first-sand oil comes from the first oil-sand of the Venango group near Franklin, Pennsylvania. 
The oils of this class were produced in— 








Barrels. 
eran we CONSY IWAN be sa acs. cen sites bene esas ss cise ceseoce {AGS OAS OA GAS SASHES aber DOcnt se pears. 86, 857. 00 
\WGEM WIS oo Seas tcost ooo Br bob moc aor QUUMO6 Ud Saad eaes oF BUBB EOE Sat: BL Seca Ce Soa eC SOR e. 12, 536. 00 
Cras COUs OUI Raat gaat lows wae Rene see Aa seta as Noe ew cals oBic) a delaiee owls cle ae ew waciSsPalep eysinw cisecsasjensece 1, 386. 00 
Mecca ON1G:s shee sca. see See pen eee satan ere a et ciereh ee Sie sikiwle. cela aise ool aa cie pe At wa ole AE DE o ee <i vlete gl Meme ee ee 900. 00 
12ra Gy TEGTO ad EE ean SoBe GOR ASB BRAS pe SBE ebH ec SAS I S8 Gano SORBED DEE. - CAS CH AACS SEC rie iene 25. 00 
ciety ean ne Seth es Sees fe 2 ah AER Ue Are Rapes oa. via smwel acini sae pinnnwie ican els caeceme ass 101,704. 00 


The specific gravity of this class of oils is 29.59 B. andlower. A few barrels of oil of this grade were produced 
on the Cumberland river, in Kentucky, but the actual figures could not be obtained. Probably the amount did 
not exceed 50 barrels. 

The production at Smith’s Ferry and Slippery Rock creek, Beaver county, Pennsylvania, has been placed by 
competent persons at 86,803 barrels. The following is a summary of these amounts: 








Barrels. 
eric ulin whl are ao Ge RSS See ele Ro Se eee IS Se ie IIa S See Perea SRP a RAP Sia Mei Saleem iene 101, 704 
RC CREEL CIC Eee en ee ra SPRY Sere EMI LN ctale cw ich .c m4) cictmns ecicis erin ot camince & = vis toidlas Sinisteie won aitic ee eas iid 176, 766 
SE TRCCA ANIC Ey ee eneee es See ee eer to | U EEL Coe RPh ene umn BIN” tre Sah itae setae Meitetearocatd ocde scche wtecte se OR OOO NT L 
Det VomCOm ty mLeNmG Ml VAL die ene eee dete) ste setcin sel watel anes Melee ace leat hac ve cslode donee sete 86, 803 
LG bill ee MRC ee eee ee eae ree clay Nes Woe oe oe So Se teen ewe nl Sak Se Slew we aeie aes msiee -<),c0' ca ceee bh ea, OOS, OOF 








a By an inadvertence Professor Peckham, in preparing an abstract of this report for the Compendium, placed the gains in the 
Bradford well stocks at 327,852 barrels, instead of 446,855 barrels. In consequence, all the numbers into which these stocks enter were 
understated by 118,983 barrels. 


140 PRODUCTION OF PETROLEUM 


The following is a summary of the total production of the different localities: 








Barrels. 

Northwestern Pennsylvania... s.-id- +scese c¢teun-tearspeeneeMaei ean eeal s Mboeecces eae ee meee ees 24, 034, 429 
West Virginia and Washington county, Ohio...-...----.------.------------------ SS ep a pa 219, 254 
Beaver county, Pennsylvania... --..--.---------- -- 22 2-22 oe ne ean ne nnn oe ns wee wee we we ees 86, 803 
Glasgow, Kentucky ...... .- 2. 22-22 2 eee e cnn ne ne oe ce cece a cans cere ene none wate eee none wees cannes 5, 376 
Grafton, Lorain county, Ohi0 ....:.---.--- +--+ 2-22 2 ee nee rene nee e rene oes ce ene oe on wn on we we we een we 4, 159 
Greene county, Pennsylvania.... .. 2 - -- <2 2+ coo we nn oe oe ne en ne on oe on en we Oe ae ent a oe eee ee em ee ee es 3, 118 
Mecea, Trumbull county, ODIO oo cee retainer Oe hc ote = = eee 5 ee a ee eee 900 
Brie; Pennsylvania ose lcs ence ee opis 5 te ote erete tent iste a eh a are fe ae ee ato ee ee eee 25 

Total .. 2 22... 00 ee ee ee ee ee ce ee ee ce ee ee cn ce ce ae ne ne eee ee ee ce ee ce en ee ce ew ee ee te ener essere eeee-- 24, 354, 064 








I have been unable to visit California recently, and have not received any returns from that locality. A few 
thousands of barrels were produced there during the census year. A spring in Crook county, Wyoming, yielded 
26 barrels of heavy lubricating oil, and others at the petroleum locality at Beaver Creek yielded 428 barrels. This 
production, while locally valuable, selling in some instances for $1 50 per gallon, is of little importance when 
considered in relation to the production of the entire country. 


Suction 5.—THE ACCUMULATION OF STOUKS, 


It is evident from the preceding pages that for some time antecedent to and during the census year the 
production of petroleum, and especially of third-sand oil, had been in excess of any demand for it, and consequently 
there had been a gradual accumulation of stocks in excess of the amount required in handling the oil. This process 
of accumulation did not take place proportionally in all the districts producing petroleum, but took place pis in 
the Bradford district of northwestern Pennsylvania. 

In the Grafton and Mecca districts, Ohio, and at the Glasgow, Kentucky, district the stock of oil in tanks at 
wells would not probably exceed 150 barrels. The amount remained about constant during the year, as it represents 
only the stock necessary to the handling of the oil. The constant demand for the entire production of the Smith’s 
Ferry district, including Slippery Rock creek, prevents any accumulation of stocks, and in consequence the well 
stocks are always low. These stocks, together with that in the hands of the Smith’s Ferry Transportation Company, 
have been estimated by competent persons at 3,200 barrels on June 1, 1879. On the 31st of May, 1880, the same 
stocks were estimated at 3,000 barrels. In West Virginia and Washington county, Ohio, the well and tank stocks, 
together with the stocks held by the West Virginia Transportation Company on June 1, 1879, were 79,606 barrels, 
and the corresponding stocks on the 3lst of May, 1880, were estimated at 50,848 barrels. In Greene county, 
Pennsylvania, the stocks were practically nothing. 

In the heavy oil district near Franklin, Pennsylvania, there was an accumulation of this quality of oil, the stock 
at the beginning of the census year, allowing an estimated well stock of 3,000 barrels, being 19,898 haces and at 
the end 27,106 barrels. 

In oer ee ices Pennsylvania, exclusive of the Franklin district, the net stocks in the custody of the pipe-lines 
June 1, 1879, and May 31, 1880, are represented in the following table: 








June 1, 1879. | May 31, 1880. 
Pnited Pipe Tanetawn ete eens os $5, 864, 850 $9, 851, 885 
Tide-Water Pipe Company ...---........ 378, 312 1, 069, 063 
Tidioute and Titusville .................. 189, 767 270, 718 
Pennsylvania Transportation Company.. 9, 855 3, 271 
Churchirnn)..< 540% fates Se, sae Pe oe 1 TGL Pees aceon 
OG GRY.G aes tect eerste eee a 11, 642 14, 558 
Cherry, Tree pease ab eeep aoe pani ee AG02) |e ceter on temiene sas 
Tidioute and Warren co.cc. oce-seese ce 11, 198 15, 129 
Hox Warm. 22. Sess sos secew esewen costes 29, 954 19, 631 
Charley and Shaeffer run ...-...---...--. 23, 211 26, 024 
Emilénton <c.562 sek eoe cose ere ees 13, 215 15, 022 
Total soc caniceee cee sesres es ee anaes 6, 538, 357 11, 225, 301 














To this must be added, for stocks outside the pipe-lines in the old territory above and below Oil City, as 
estimated by Mr. J. C. Welch, the following: 








Barrels. 
JUNE 1,°1879 nis ove din'g sawinais adeibo ed aaly oe dab lywalain alg ai Sel alyis aici acne eR ally oe a lat ee ee 293, 474 
May 81, 1880.2 Loree coc vo utes log oe lea ae eke ne ese Uo nn 382, 318 
Stock in iron tankage unattached to pipe-lines not otherwise given ......-.....-.- SGnp sdsce pieces oe ns;cce 150, 000 
532, 318 





Mr. Welch’s returns give an average of well stocks in the region outside the Bradford district of 32 barrels per 
well, an amount that remained practically constant throughout the year. The number of wells in this so-called 
“lower country” to which this average would apply is much more difficult to estimate than that of the Bradford 
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district. During the year previous to the beginning of the census year the decline of production in the Butler and 
Clarion districts had been rapid, and producers had been turning their attention to the Bradford district. As the 
census year advanced, the decreased production of the lower country became more pronounced, and the transfer 
of property to the Bradford district became almost equal to an hegira. Train after train of cars, loaded with all 
kinds of material used about an oil-well, even to old derricks in a few instances, went up the Allegheny Valley and 
Oil Creek roads to Bradford. No careful record of the wells drilled in the lower country was ever kept, hence the 
number producing at the beginning of the census year can never be known, nor can the number be known that 
ceased to produce and were pulled out during that year. Different estimates place the number pulled out at equal 
to double or treble the number drilled, but such divergent estimates show the worthlessness of all of them. Mr. 
Stowell puts the number of wells in the different districts of Pennsylvania, outside of Franklin, Bradford, and 
Beaver, at 6,693, but upon what basis this estimate rests I do not know. The following table from Stowell’s 
Petroleum Reporter will give some idea of the value of this estimate as compared with the well-known changes 
taking place in the localities named: 


NUMBER OF WELLS IN THE PENNSYLVANIA OIL-FIELDS, BY DISTRICTS, ON THE DATES GIVEN. 
























































































































































1879. 1880. 
Name of district. Jan. | May | Juno | July | Aug. | Sept. | Oct. | Nov. Mar. | Apr. | Ma Dee. 
31. 31. 30. 31. 31. 30. 31. 30. 31. 30. 31. 31. 
Tarihi d 2a Soe ese Spee ere Stale 
Parker ...-.--- eee ecu econ s 560 | 4,350) 4,300) 4,260 | 4,200) 4,200} 4,200) 4,175 4,000 | 4,050 | 4,050 3, 713 
(PS OT oe SS ASE oo See eee ae 
ses Ea 6 ee. Ocoee Soc: Sniper Sees 270 270 270 260 260 270 270 270 272 272 272 272 
LEV oo. Se er 30 30 30 30 30 30 30 30 30 30 30 30 
MUA Ty ae etd Pier Sa ofa pid «/o)0:3fe sien ominine <inin 360 355 355 350 350 350 350 350 345 845 345 345 
Pee LO ee eon amin a owascac%s => 2=- 5% 200 200 200 200 200 200 200 200 200 200 200 200 
TS OL 0S ae ee eee 200 200 200 200 200 200 200 200 200 200 200 200 
ON OTA ee rtewian —ciniaic woot oceee cesacees 20 20 20 20 20 20 20 20 20 20 | 20 20 
Petroleum Centre ............--.------- 45 43 43 43 40 40 40 40 40 40 | 40 40 
oot Ts Ee ee 90 90 90 90 90 90 | 90 90 90 90 90 90 
PC TGUMMUTO eS oo ais at capes oid st2.-= 22 = 750 700 680 680 660 650 650 650 635 6385 | 635 625 
ES TIGIG fads emilee sisicicciissivicctéece 5-0 75 70 70 70 70 70 70 70 70 70 70 70 
DAOC Gc of RA a re 150 150 150 150 150 150 150 150 150 150 150 150 
BUENT ERPS eea Saree Ate seo caine cine soci we 115 115 115 115 115 115} 115 115 LIS eee Lote ae li 115 
Witch 8 S855 (38a ane ee 100 100 100 100 100 100 100 100 105 105 105 130 
SROPN 2 OSs eee 6,965 | 6,693 | 6,623 | 6,568 | 6,485 | 6,485 | 6,485] 6,460 6,272 | 6,322] 6,322 6, 000 
WinGRGRte teers ce. oe ate ak eto. fa) ose Zoe 287 70 55 EE Me eeee 8 Caereises Shear aaG | RBS ale awed ete serine nae sche careers 320 
eae eraser ret etal rete x etal Slalo'= i= alata ace fella ieee amie ime e'einta'e| 9,2) n\q ae e.cl| sia alatoteve's| a /ricicinwisie|| ales crarecel|(= sia gicie.-Baciejasies ls ic r ne ne|o = daleciae BON eeeisee rise enacts 
Wielis COMploted......s-..5..--scc}acosesns 110 26 23 45 16 45 59 38 34 32 211 
REMERIOESOS tebe ba veces -'ssec}soaes = 397 96 78 128 16 45 84 B81; cccceats 32 531 
PEE ALNS) neon omosiec conan = sicc|><u0--a-|~-- HHd Wace ad hosccbac||doadcecol Sor seco BSabVicd BE bE alee taaRePtd Bee 8 aIRE! | oe sepa | apes Baa eeecas| «occ. 
RESO PRPLIC IR TN Beet foie sien asin ac. Sa cisdcninw ce 857 352 350 350 350 350 350 350 350 350 350 350 
NOUS OOMIMMOLOU 160 teases nee melon ce << 27 4 5 15 8 5 3 2 2 13 
EMIBHOR Pitty soacals av ucs sos cS aeeide =| os cbiltanh 32 4 5 15 8 | 5 3 2 2 2 13 
































These figures show a total loss in the districts producing third-sand oil, due to wells abandoned, of 851 wells 
during the whole census year. The number of producing wells at the beginning of the census year was 6,693. 
During the year 480 wells were completed, which, added to the number producing at the beginning of the year, 
equals 7,173 wells. The number reported producing at the end of the year was 6,322; difference, 851. These wells 
were in most cases plugged with pine plugs or filled with sand. 

I use these figures, not because I believe them to be correct,,but because they are the only approximation to 
the truth now available; they vary in their subdivisions from any others published, and are not fully consistent 


with themselves. The Petroleum World gives the names of the parties who completed wells in the lower country 
as follows: 





Wells. (Production. Dry. 








ied 
Number.| Barrels. | Number. 





Ini@lanon Couubyee. cscs ese steeee mons raae on 61 564 | 16 
In Butler and Armstrong counties....-.....--. 51 335 19 
In Venango, Forest, and Warren counties .. --. 44 244 10 
UL RON eLAOI: COUNLY sacee= sue caeoseoswe eae ae oo 1 0 1 
INGATEDV LOM. CONLl trac sou deciesecasccdiacislsoaeise 171 2, 089 30 
IN GATE MLENTON s mains sa viais a oi xm aneio stains eicieie lace 7 27 3 











Mataite ss teatesanat t wccaciawececwueeeciseae. 335 3, 259 79 
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In the Franklin district, January 31, 1879, there were reported by Mr. Stowell 357 wells, which were reduced to 
352 on May 31, 1879, the day before the census year commenced, and to 350 by June 30, continuing at that number 
until December 31, 1880, a period of eighteen months, during which period he reports 63 wells as having been 
completed. In the Reporter for January, 1880, he quotes a local correspondent of the Franklin Spectator as stating 
that “during the past year there were 123 wells drilled and 16 wells cleaned out and retubed. * * * The 
number of wells pumping January 1, 1879, was about 400, and taking the number of dry wells, 22, and the number 
abandoned during the year from the number pumping January 1, 1879, and the number drilled and cleaned out, 
it will leave the pumping wells, January 1, 1880, 475. Taking these figures, the average number of wells pumping 
for the year 1879 would be about 450”. 

Mr. Stowell reports only 80 wells of the 122 completed during 1879, and a total of 350 producing December 31, 
1879, against 475 as given by the correspondent whom he quotes. Furthermore, it is highly improbable that in the 
old and nearly exhausted territory in the neighborhood of Rouseville and Rynd farm there should be for twenty- 
three months, from January 31, 1879, to December 31, 1880, 400 producing wells, and at the same time 90 at 
Shamburg, 150 at Fagundus, and 115 in the neighborhood of Tidioute. However, while calling attention to these 
manifest discrepancies, I repeat that this table furnishes the nearest approximation to the facts that is available, 
I shall therefore apply Mr. Welch’s average of 32 barrels to 6,300 wells, and estimate the well stocks of the lower 
country at 201,600 barrels. ' 

Summarized, the stocks of crude oil in the producing regions June 1, 1879, may be stated as follows > 


ACCUMULATED STOCKS, JUNE 1, 1879. 











Barrels. 
Pipe-line: stocks, third sand... 003 <c.52cccc = ces sec uwp cies eames eee oer kee ls ae anie ts siete oe santo alee aeeieiae 6, 538, 357 
‘Well stocks, Bradford *districty 55 Sie- son, se erat eis 5 neste ie teed ees eee fee tee eee ee 812, 067 
Well stocks; lower coumtry fe 02 se ots a Oe Soa ae cee ee ce 0 alan stele ere ate cite ecient eee ne ae eee 201, 600 
Jron-tankage stocks,”outside of pipe-lines > 2... 2-ass sss cote eee se et eee eae Sete sa ee eee eee ee ee 293, 474 
Franklin ‘stocks, heavy: oil). 5.6). 22 ek gS 0 = oocc 5 mmeeininyciarmin aia pa ae ei ere tee 19, 898 
Smith's’ Perryjas s. o/s 0c se cc ctesceces doses cc daaieee wae. so tepp ies amies teeta cle ere amese st ota ee eee 3, 200 
West: Virginia and southern Ohio. - 22. 22 o<.02 cea ease asic nce hone apes ae iene haa aa te ee eee ar eanaters 79, 606 
Graftonjand Mecca, Ohio, and Glasvow, Kentucky 2222 5-- sce ae 22 -ok gacieimeihomeriiete se oats ae leer ere 150 
7 948, 352 
ACCUMULATED STOCKS, MAY 31, 1880. 
Barrels. 

Pipe-line.tocks, third sand... 2.0. <p. cs cae cet napacesewe secs va en ae eMaeesels cence egeaa seca: aan eee 11, 225, 291 
Well stocks, Bradford districticcc)s ico sociss oo vigete nis) = aeiete ers atin oe etote setae eter m at cle Seance ane te erent oe ee 1, 258, 902 
Well stocks, lower country << -22.0 cc settee einai mie ate inte o em eres ew ott etal = eee eee 201, 600 
Iron tankage stocks, outside of pipe-lines-......-....-----. 3 Sie giaig ohhh giles Shr EAS Sy hse esl ht ete 532, 318 
Franklin stocks, heavy Oil ~~ os oie nek selene a wien leinn «ae aoe ee eee ely ee a 27, 106 
SIMUG IS MOLT; =<: - esc eie ane teeta aie we eee wi tn es ert 3, 000 
West: Virginia and southern Ohio... o.20 st. sh le vos cas ttas subepe oW sb per einense=degeeel ieee eee caer 50, 848 
Grafton and Mecca, Ohio, and Glasgow, Kentucky ....-.....--...------- Ayes Sate See ae SR oD Lae SLE et 150 
13, 299, 215 








From these summaries it will be seen that the total accumulated stocks in the whole country at the end of the 
census year was 13,299,215 barrels, and that the accumulation of stocks during the census year was 5,350,863 
barrels. The stocks decreased during that year in the West Virginia and southern Ohio district 28,758 barrels ; 
Smith’s Ferry district, 200 barrels. They increased during the year in the Bradford district and lower country 
5,372,613 barrels ; Franklin heavy oil district, 7,208 barrels. 


SecTIon 6.—STATISTICS OF CAPITAL AND LABOR EMPLOYED IN THE PRODUCTION OF 
PETROLEUM DURING THE CENSUS YEAR. 


The amount of capital that has been or that is invested in the production of petroleum is a problem involved in 
the deepest obscurity. Capital has often been ventured in this business legitimately without return, the investment 
proving a total loss. From such total loss to a return of enormous value the gradation has been by infinite steps. 
The actual cost of the wells which have been drilled since Drake’s first well (1859) could be estimated with tolerable 
certainty, as the price per foot for drilling has been a well-known though fluctuating factor in investment from 
year to year; but what any given oil-well has cost, and upon what sum a dividend of profit or loss should be 
declared, is often scarcely known to the owners themselves. There are large corporations that have invested 
money systematically for years with uniform success; but any general estimate for the whole oil region based 
on the operations of such concerns would be very erroneous, for the business of such corporations has been 
managed with pru lence and sagacity upon territory that has already been proved, and usually without great 
speculative risks. roducing oil has not been uniformly successful in individual enterprises, although, when 
taken as a whole, it may have been in a general way. The capital invested in producing oil involves as a 
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constant and well-known factor the cost of drilling and equipping wells, and also, as a fluctuating factor, the 
cost of the land privilege for drilling. This varies from nothing (when the original owner of the land drills 
his own well or offsets its cost for an equal share with those who drill it) to a bonus of from $100 to $500 an 
acre, in addition to a royalty of from one-sixteenth to one-fourth of the product. In other cases the fee to the 
land is purchased outright for large sums before the wells are drilled. Such purchases, made where land is 
proved, have often been very profitable business enterprises, while on the other hand they have as often proved 
worthless. <A certain tract of land in the Oil Creek region was purchased by A., B. & Co. for $13,000 and sold to 
©. for $113,500 within three months. Three months later A., B. & Co. could have bought back the land for less 
than $10,000, it having in the mean time been proved of little value for oil. Transactions involving the loss of 
large sums have been so often repeated that those familiar with the oil regions frequently declare that, vast as the 
wealth may be which the product of petroleum represents, the losses have been fully equal to the gains. The vast 
number of wells that have produced nothing, the still larger number whose production has never covered the cost 
of drilling, together with the millions that have been wasted through fraud and reckless speculative risks, 
involve the loss of a vast sum which can never be accurately estimated. The area of the Bradford field was 
pretty clearly outlined by the end of the census year, and there were those who were declaring with added emphasis 
that each month had witnessed the culmination of its production, but it has continued to pour out from 50,000 to 
80,000 barrels of oil a day for the last two years. If the fee to the 68,000 acres of the Bradford field was to be 
sold to-morrow, the estimated value, as given by different producers, would vary by so many millions of dollars as 
to make such estimates worthless for statistical purposes. The fact is, the present value of the land franchise of 
the oil-producing region is an unknown quantity, and must be so until it ceases to have value; then its past value 
at any given time can be estimated. The men of conservative temperament and those of sanguine temperament 
differ as widely as the poles are sundered in their estimates of the value of oil property. I shall not, therefore, 
attempt any estimate of the value of the land franchise of the oil-producing country, but shall confine my estimates. 
to the number of wells drilled, cost of rigs, including engines, cost of casing and tubing, total cost of wells and 
rigs drilled during the census year, and the number of men employed in drilling wells and in producing oil during 
‘the census year. 

These estimates will be made for the upper or Bradford district, the lower country, the Franklin district, and 
the Beaver district, Pennsylvania; the Grafton district and the Mecca district, Ohio; the West Virginia district 
and Washington county, Ohio; and the Glasgow, Kentucky, district. 

During the census year there were 3,080 wells completed in the Bradford district, but at the close of the year 
there were 58 more rigs building and wells drilling than at the beginning. In the last month in the year 536 rigs 
were burned, about one-half of which were rebuilt immediately, and the rebuilding of the remainder was, on an 
average, half completed at the close of the census year, making the rebuilding equal to 75 per cent. of the whole 
number burned, or 402 rigs. It is fair to assume that the 47 rigs building at the end of the year in excess of those 
building at the beginning were one-half completed, and that the 11 wells drilling at the end of the year in excess 
of those drilling at the beginning were, with rigs completed, one-half drilled. This estimate would thus place 
the rigs built during the census year: 
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Each of these rigs required in building forty days of labor, making, for all, an aggregate of 140,640 days, or, 
estimating 300 working days to the year, equal to the continued labor through the year of 468 men, of whom 75 
per cent., or 351 men, were skilled workmen and 117 ordinary laborers. Rigs cost during the census year from 
$325 to $400 each, according to the cost of placing the material where it was to be used, or an average of $362.50. 
This would give a total investment in rigs during the year of $1,274,550, of which $316,440 represents the cost of 
labor, estimated at the rate of $2 50 per day for skilled workmen and $1 50 per day for ordinary laborers. Returns 
of the cost of rigs built in the Bradford district during the census year from three large corporations are as follows: 
No. 1 built 25 rigs for $10,000; average cost, $400 each. No. 2 built 50 rigs for $17,500; average cost, $350 each. 
No. 3 built 29 rigs for $12,500; average cost, $431 each. Average cost of 104 rigs, $384 62 each. 

Each of the 3,516 rigs built during the census year required for its construction 17,000 feet of lumber, of which 
9,000 feet were sawed and 8,000 feet were hewn. This amount represents an aggregate consumption of 59,772,000 
feet of lumber, of which probably 30 per cent. was hard wood. 

It is almost impossible to estimate, with any approximation to accuracy, the capital invested in engines and 
boilers. There are engines in the oil regions fifteen years old, and some of them are to be found in the Bradford 
district, moved up there from the lower country. I have conversed with a number of oil-producers on this subject, 
and find their opinions quite divergent. An estimate based on these opinions and my own observations would 
lead me to think that at least 90 per cent. of the wells in the Bradford region are supplied with engines and 60 
per cent. with boilers, and an average valuation for these engines would not exceed $100 and $200 each for the 
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boilers. 1 have been informed that at least one-half the wells drilled in the Bradford district during the census 
year were supplied with engines and boilers from wells abandoned in the lower country, for which I make no estimate. 
For the other half, it is fair to assume that a large proportion, if not all, of the engines and boilers were new or: 
nearly new. While the above estimate of valuations of boilers may be fair as applied to the whole field, it is too 
low by one-half for the engines and boilers purchased for new wells. I place the value, in round numbers, of— 


Engines (50 per cent. of 90 per cent.) of (3,080 ++ 11) at $200.... 2.2. 20 eee eee ene ne oes wee ene ee $278, 200 
Boilers - (50 per cent: of 60 per cent.) of (3,080 =} 11) ‘at $400 00. 2 ee. os ee ce, coeds ecene 370, 800 
649, 000 





This would give an average valuation of $210 per well for all the boilers and engines purchased for the 3,091 
wells drilled during the census year. That this valuation is not too high is further proved by returns which I have 
received from two large corporations with ample capital, both largely interested in the lower country and in the 
Bradford district. No. 1 drilled 29 wells; the boilers and engines cost $13,000. No. 2 drilled 45 wells; the boilers 
and engines cost $15,360. The average cost for No. 1 is $448; that for No. 2, $341. I have no doubt that a large 
percentage of the wells were drilled with poorer machinery than would be used by either of these parties. 

The rig, boiler, and engine belong to the owner of the well; but the contractor who drills the well owns the 
drillers’ tools and provides fuel for the engine and coal for the blacksmith. It is estimated that 2 per cent. of the 
wells use gas, which, practically costing nothing, reduces the number supplied with fuel to 3,024. Experienced 
producers estimate the consumpticn of fuel at an average of 100 cords of wood per well, amounting in the 
aggregate to 302,400 cords, and costing for cutting, at 90 cents per cord, $272,160. It is estimated that 500 men 
are employed in cutting wood in the Bradford district. The wood usually stands upon the land upon which the 
well is located, and, except for the cost of cutting, is considered of little or no value. 

Each well requires for drilling two drillers and two tool-dressers, who are men skilled in the work which they 
perform. The tool-dressers are not blacksmiths, but men who are expert in the art of dressing tools. Each well 
also requires two teams, with teamsters, for hauling wood and material. From returns received from 104 wells | 
drilled in the Bradford district in the census year, 25 drillers drilled the wells and 18 dressers dressed the tools. 
These wells were drilled more economically, as regards the amount of labor, than the average, as they were drilled 
by corporations employing very skillful men at maximum wages, from which I judge that a fair estimate would 
give a year’s labor of a skilled workman to every two wells drilled, or, in round numbers, for the 3,086 wells drilled 
in the census year, a year’s labor of 1,500 men, at an average rate of $3 per day. Estimating 300 working days to 
the year, the amount earned by them would equal $1,350,000. As many more laborers are employed, at an average 
compensation of $45 per month, earning an amount equal to $810,000. The outfit for drilling a well is worth $900, 
and is damaged an average of 25 per cent. by use in drilling one well, representing an investment of $694,350 
during the census year. These sums show the cost to the contractor. The average contract price for drilling deep 
(2,000 feet) wells was 55 cents per foot. At this rate the 3,086 wells would represent an investment by the well- 
owner of $3,394,600. Such estimates are hardly worth the name of statistics, but are, I believe, as close an 
approximation to accuracy as can now be made. 

Each well requires from 30 to 100 feet of 8-inch drive-pipe, which is driven to the bed-rock, and on an average 
300 feet of casing, 53 inches in diameter, and 2,000 feet of 2-inch pipe, through which the oil flows. 

At an average of 50 feet of drive-pipe for each well, there were required during the census year for the 3,086 
wells drilled 154,300 feet of 8-inch drive-pipe, 925,800 feet of 53-inch casing, and 6,172,000 feet of 2-inch pipe. 

It is extremely difficult to estimate the actual cost of this pipe, as the different manufacturers made bids for 
large contracts, and a proportion, impossible to ascertain accurately, was old pipe. One large corporation paid an 
average of $310 50 each for casing 29 wells; another an average of $210 each for 45 wells. In one case it is to be 
presumed a larger amount of old casing was used than in the other, but just what this difference of one-third 
signifies with reference to the whole number of wells it is impossible to ascertain. Prudent men, with ample 
capital, would sell old casing and use new, while men of limited means would. purchase and use the old; but 
to what extent this was done it is now impossible to determine with accuracy. It is probable, however, that $210 
per well is nearer an average price for casing for.the entire Bradford district than $310 50. Returns from the 
same firms give an average expenditure of $343 per well for tubing 74 wells. These were firms using ample capital, 
and the average is no doubt too high for the whole field, $300 per well being without doubt an ample average cost 
at which to estimate tubing. Assuming that all of the drive-pipe was new and cost $3 per foot, the total cost 
would be as follows: 
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The cost of torpedoes is subject to caprice. There are those who do not use them at all; some use small ones, 
others use very large ones. One firm torpedoed 25 wells at an aggregate cost of $9,982, average cost, $400; a 
second firm 29 wells for $3,000, average cost, $103; another firm 45 wells for $9,360, at an average cost of $208. 
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These firms and corporations are all managed by judicious, conservative men, of large experience, while a large 

proportion of the wells are drilled by men wHo operate recklessly and rely upon torpedoes to produce large and 

quick results. I regard $300 per well as a low estimate for torpedoes, amounting in the aggregate to $925,800. 
These estimates foot up as follows: ; 
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Returns from eight of the largest firms and corporations doing business in the oil regions, having more than 
20,000 acres under development and operating over 600 wells during the census year, give an average of five acres 
to one well, and assign to the Jand a value of $300 per acre for oil purposes. Upon this basis they estimate a 
general average cost of the land at $1,500 per well, and of the well itself from $2,500 to $3,000. At $2,500 each, 
the cost of the 3,080 wells completed during the census year would be $7,700,000; at $3,000 each the same wells 
would cost $9,240,000. My estimate of $8,280,710 is therefore a fair average estimate, as based upon that of the 
owners, of about 10 per cent. of the wells that had been drilled in the Bradford district at the beginning of the 
census year. 

The approximate value of labor employed in building rigs was $316,440; in cutting wood, $272,160; in 
drilling wells, $2,160,000; total, $2,748,600. To this sum must be added the value of labor employed in operating 
and repairing wells already drilled, a service which requires the labor of a large number of men. 

Returns from the owners of 590 wells show that they employ 275 men in pumping and gauging, and 34 men 
as overseers; a total of 309 men. Apply this average to the 4,000 wells in the Bradford district at the beginning 
of the census year, and it gives, in round numbers, 2,000 men, earning $45 per month, or an aggregate of $1,080,000, 
which makes up a total labor account for the Bradford field of $3,828,600. 

The number of wells drilled in the lower country during the census year was 335. Their average depth has 
been placed at 1,400 feet, and the rigs and tools are the same as those used in the Bradford district, at the same 
average cost; but their lessened depth reduces the cost of both drilling and tubing. Three hundred and thirty-five 
rigs, at the average price of $362 50, would cost $121,437 50, and would require for their construction 5,695,000 
feet of lumber, 3,015,000 of which would be sawed soft lumber and 2,680,000 hewn lumber. These wells would 
require for drilling 33,500 cords of wood, the cutting of which would cost $30,150. 

I estimate the cost of engines and boilers in this district as averaging $300 per well, which, for 335 wells, 
would give a valuation of $100,500. Estimating the average of 50 feet of drive-pipe per well at $3 per foot, casing 
at $210 and tubing at $200 per well for an average depth of 1,400 feet, the cost of casing and tubing the 335 wells 
drilled in the lower country would be as follows : 
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The drilling of 1,400-foot wells was worth during the census year 60 cents per foot, and at that rate the drilling 
of the 335 wells in the lower country cost $281,400. 
Summarized, these estimates foot up as follows: 
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The general estimate given by producers of large experience that 1,400-foot wells cost about $2,000 each 
confirms these detailed estimates; and at this rate the 335 wells would cost $670,000. 

The employment of labor in the lower country is divided between drilling wells and caring for those already 
drilled. Unlike the wells in the Bradford district, nearly all of which were flowing during the census year, those 
of the lower country were all pumping-wells. The labor required in building 335 rigs, estimating 30 days of skilled 
labor at $2 50 and 10 days of ordinary labor at $1 50 per day, amounts to the labor of 33 carpenters, $25,125; 11 
laborers, $5,025. 

In drilling the wells there were required 175 skilled workmen at $3 per day, and as many more laborers at $45 
per month, which would amount in a year as follows: 175 skilled workmen, at $3 per day, 300 days, $157,500; 175 
laborers, $45 per month, $94,500. . 


The investment in drillers’ tools, on an average of five wells to a set, amounts to $60,300. 
VOL. Ix——10 
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The employment of labor in the lower country in the care of wells is proportionally greater, for reasons already 
stated, 

Three corporations, owning 112 wells, all in the lower country, employed 74 men to care for them, four-fifths of 
whom were engaged in pumping and gauging. As these wells belonged to corporations having a thoroughly 
organized business, it is to be presumed that a minimum number of men are employed. Using these numbers as 
the basis of an average, the 6,000 wells that were cared for in the lower country during the census year required 
the services of 3,960 men; but I think it is fair to assume that 4,500 men were employed, at an average rate of 
compensation of $50 per month, which would make the aggregate sum paid in wages $2,700,000. The approximate 
value of labor employed in the lower country is, therefore— 
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In estimating the investment in drilling wells and the value of labor employed in the Franklin district entirely 
different conditions must be considered. The wells are not more than 100 feet deep, and cost, on an average, only 
about $400 each. As a portion of the productive territory is owned by farmers, who’in some instances drill the 
wells themselves and pump them at intervals as other work may slacken, it will be readily perceived that a much 
larger number of persons are interested in the production of oil, and find partial occupation in it, than would be 
necessary to carry on the business if constantly employed. In the most productive portion of the field the wells are 
constantly pumped six days in the week on the sucker-rod plan, from 12 to 40 wells being by this method pumped 
by one engine. There were 475 productive wells January 1, 1880, and I shall assume that 450 was the average 
for the census year, of which 400 were pumped constantly. The rigs used here are only about 30 feet in height. 

Drilling in this district was comparatively active during the census year, an average of about 10 wells per 
month having been completed, with an average daily production of about 2 barrels each. The drilling of these 
wells could not have employed constantly more than 50 men, including the rig-builders, and their care, allowing 
5 men to 20 wells, would employ 120 men. Summarized, the items appear as follows: 


Cost of 120. wells need 226. ss weed dem sdacggieiebdicss sashye saa ose ailaletele clean Witt cbt a etl ele ee een ea $48, 000 
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In the Beaver district it is estimated there were 200 wells, 15 wells being drilled during the year. These wells 
are about 600 feet deep, and cost about $700 each. The rigs used are low and comparatively inexpensive, and the 
pumping is done with sucker-rods. Probably 75 men, at $50 per month, is a maximum estimate for the labor 
employed in this district. Summarized the items appear as follows: 


Cost of 15 wells; at $700 each... o. 522s. clei ed ce nclctncins stcdlecwleste Gee Ges seplematen c\sle siete nieve tstel ete tee emeerae $10, 500 
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At Belden and at Grafton, Lorain county, Ohio, 72 paying and twice as many more unproductive wells have 
been drilled, generally from 60 to 250 feet in depth, the deepest yielding the lightest oil, of which about 20 were 
producing during the census year. Wells cost here from $30 to $40 each, exclusive of the rig and machinery, 
which are moved about as required. The oil industry here gives employment to about 10 men, and their labor, at 
$50 per month, for one year, amounts to $6,000. 

In the Mecea district the cost of operating for oil is reduced to a minimum. ‘The wells are from 40 to 70 feet 
deep. A rig costs only $20, and is moved about as required. A rig was hired, and three wells were put down at a 
total expense of $100. 

Probably 20 wells, at an estimated cost of $40 each, were drilled during the census year. It is estimated that 
15 men are fully employed here in producing oil. Very few wells are pumped by machinery, a wooden conductor 
being carried down to the rock; and after the well is drilled and the production has run down everything is removed 
but this conductor. The well is then pumped at intervals with a sand pump. There are several hundred wells 
that are pumped in this manner, but the exact number would be very difficult to ascertain. Summarized, the 
items appear as follows: Cost of 20 wells, at $40, $800; labor of 15 men, at $50 per month, one year, $9,000. 

The West Virginia and Washington county (Ohio) oil district is the most peculiar in the country. It has 
produced oil for a long time, and yields a great variety. The number of wells in this region is about 600. Some 
of them, yielding heavy and valuable oil, have been pumped since 1865 and 1866; others, yielding lighter oils, have 
been abandoned, and others still that had been abandoned have been cleaned out and pumping has been resumed. 
A few wells are being drilled there every year. In the absence of records, it has been estimated that the number 
of pumping wells has remained about the same for several years, the new ones about equaling those abandoned. 
I could not ascertain that more than 120 wells were drilled in the district during the census year, the depths 


e 
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varying from 150 to 1,500 feet, as the well penetrates the different horizons at which oil is found. Very few wells, 
however, have been put down to the 1,500-foot level, and perhaps an equally small number have proved remunerative 
at the 150- to 200-foot level. The average depth is Hirde 750 feet, and the average cost is estimated at $1,000. Both 
skilled and ordinary labor is cheaper in this section than in northwestern Pennsylvania, skilled labor being reported 
here to be worth during the census year from $2 to $2 50 per day, against $2 50 to $3 50 in Pennsylvania, and 
ordinary labor from $1 to $1 50, against $1 75 to $2 in Pennsylvania. A large number of wells are pumped here 
by one engine, but instead of a sucker-rod connection the pump rod is attached to a wheel, over which passes an 
endless wire rope. The uneven surface of the country, as well as the greater depth of the wells, renders this 
method of transmitting power necessary; but while it is more expensive, it is more reliable. 

From returns received I estimate the average cost of the 120 rigs built during the census year at $250 each, 
requiring twenty-four days of skilled and eight days of ordinary labor and 12,000 feet of lumber in their construction. 
Coal is used as fuel in this section, the wells often passing through the veins. I estimate very few, if any, new 
engines and boilers in use for drilling these wells. This section has produced oil since 1861, and some of the 
machinery used is very old. In drilling the machinery is attached to a gang of wells by an endless rope, and is 
run without any increase in the expense account. Wooden conductors are used. [estimate an average expense 
of $125 as ample to cover the cost of casing, and an average of 500 feet for each would include all of the tubing 
required. The cost per foot for drilling would not vary much from 60 cents per foot. Summarized, these estimates 
appear as follows: 
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The labor employed for the year is estimated as follows: 
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On Boyd’s creek, near Glasgow, Kentucky, there were five wells in operation during the census year, furnishing 
employment to seven men, including teamsters, at an average compensation of $35 per month, the wages amounting 
to $2,940. 

The following table represents in a tabulated form the statistics of this section: 


STATISTICS OF THE INVESTMENT OF CAPITAL AND THE EMPLOYMENT OF LABOR IN THE PRODUCTION OF PETROLEUM 
DURING THE YEAR ENDING MAY 31, 1880. 
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laborers. 5 choppers. | cord. | employed. drillmg | caring for | rete! in drilling 
wells. wells, |asedinrigs.; “ens. ~ | 
/ | : 
Bradford, Pennsylvania ......... 3,617 $1 50—2 00 500 | $0 90 5, 968 | $3, 828, 600 3, 000 2, 000 59, 772, 000 | 302, 400 hos 898. 589 
Lower country, Pennsylvania....|. 4,686 | 1 50—2 00 BO tise ee 4,944 | 3, 012, 300 350 4,500 | 5,695, 000 | 55 500d] Sakae 
Franklin, Pennsylvania. ......... 155; i 50—2 00" - ce aetaraas|se—cat 170 102, 000 50 | 120 G00 000M sseeeseree ss \ 86, 857 
Beaver county, Pennsylvania. .-. Goel. ‘502 ON He eoteeee ene eet iio: 45, 000 10 60 220; '000' Ineswesemcee sll 86, 803 
PP RCRD S Ske S ee os art ge eee a NB | SR A ae) I be ge 10 6; 0003 fs. seee.cn a= LO aod otarnce tenses weet 4,159 
PREECE CROLL cee ta: emer Oa noe Set ee Phos a ccebistaleoesetac 15 OUONOsle seems arcs <5 LGB cadaa'engntalcasees or ateal 900 
West Virginia and suthiern Ohio. 265 O0—b OO) \seecstcaecallaaseans 288 173, 160 25 ZOOM ©1440 O00 secce ates 219, 254 
LOMO EON UGK Yas csc cratiamss|asee de pet aceletemcknsecedlsececececced|atees ae 7 DOA) eadasetces ons eeu wele acces eras Soleus tae semaine | 5, 876 
Bere eGrariye bONnS yi Varia see epee ee ee cy Soe ote bone. eames sa caress scea|Seuine Mwoewec|sasdancesees|vcacenresaes|soaaectcnecn|mnsce stones 3, 118 
PIMOU EONS VIVANIA h sccc> ovdsadeclcecues sate be (eee ida Seat 3 SORE Bese ial BE. aete ie: Wea oat Sees Roeremke ects ete tam tnleuere/asol lea sta wiele'a crate Sipe Sanaee warner aie | 25 









































Cost of raising oil: Flowing wells in the Bradford district, 6 to 8 cents per barrel; pumping wells in the lower country, 60 to 80 cents; pumping wells in Franklio 


district, $3 per barrel. 
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To this may be added the following table, showing the estimated number of wells at the beginning and the end 


PRODUCTION OF PETROLEUM. 


of the census year in the United States east of the Mississippi river : 





Ee ee mae hs 

naa number o number 0: complete 

Name of district. producing wells producing wells during Dry holes. 

June 1, 1879. May 31, 1880. census year. 

Bradford, Pennsylvania............ecccecccncee 4, 282 7, 362 3, 080 53 

Lower country, Pennsylvania.........---.-.--- 6, 693 6, 322 335 79 

Franklin, Pennsylvania..............---------- 400 500 120 15 

Beaver county, Pennsylvania ........-...---..- 200 200 15 q 

Grafton, Ohio's. .....).-ssccesaceowesccscnaemeeen 20 20 9 q 

Mecck; Ohiovssressecessttere ace be ceemaae aes q 3 20 q 

West Virginia and southern Ohio.............. 500 600 120 q 

Glasgow, Kentucky .....- 002-10 csenscenqsiencoss 5 UP ee ea vison cscs, Ros soe 
MOtalccpcapsessaetescenae doer age ae teams 12, 100 15, 009 3, 690 147 











SECTION 7.—GENERAL STATISTICS RELATING TO THE PRODUCTION OF THIRD-SAND 
PETROLEUM. 


In illustration of this section I have been so fortunate as to secure the accompanying diagrams, prepared by 
Mr. Charles A. Ashburner, of Philadelphia, especially for this work, from the statistical tables of Stowell’s 
Petroleum Reporter. No. Lis a graphic representation of the total production by years of the different districts, 
by which the date of discovery, expansion, and contraction of the production of the different districts is noted ; 
No. II shows the comparative volume of the total production of the different districts. No. III shows the comparative 
expansion and contraction of the total yearly production, with the total value in greenbacks and gold, from 1839 to 
1880, inclusive. On pages 149, 150, and 151 are statistical tables from another source, which vary only slightly 
from the preceding in the aggregate, and present the matter in detail. On page 150 is a statistical statement, made 
by the United Pipe Lines, that offers its own explanation. On page 151 is a table giving some comparative 
miscellaneous pipe-line statistics that are included in the census year, taken from the Titusville Herald of April 
11, 1881, except the averages for the census year. The following estimate of stocks in the oil region on the dates 
named is given for what it is worth, as the authority is unknown: 


Barrels. Barrels. 
February; 186852...c2 2 -cssciectiee ssa sheeetr ae 534, 000 February, 1874. 0.5, 2eseeeneaoceemeniee sen 1, 248, 919 
February, 18690. -teceau tae senine feces 264, 000 February, 1875. ..2)--2eacnes sera ieee ee 4, 250, 000 
February, L&V0ts 20 oe acecnioins = eae meas 340, 751 February, 1876.2 .¢/0.52 5, seeeennee nee ee sets 3, 585, 143 
Kebruary, 1elicce se eseu eee. saree slenee se 537, 000 February; 1877.22 eoccs eeeeeesteeceseeee 2, 604, 128 
Poebruary,. 18/2220 sn -cecesees si areraeeuces 623, 048 February, 1878.2, -<ic-sspaeo-ebe eee eee 3, 555, 342 
February, 1873.26. -<--see— Se ceSeGarietendee 1, 085, 435 Febraary, L87952:cp ca. cicnceeeeaneemeces 5, 385, 523 


STATEMENT SHOWING THE YEARLY PRODUCTION, AVERAGE YEARLY PRICE, AND VALUE, IN CURRENCY, OF ALL 
OIL PRODUCED FROM 1860 TO DECEMBER 31, 1880, BOTH INCLUSIVE. 











Year. Bumber of | Avornge nei | Acarage 

Total so:. 0 ee ROE B86 S81 Site gS s,s eee $334, 871, 063 84 
1860 ee Le eee 500, 000 $9 60 4, 800, 000 00 
TROLS ecient 2, 113, 609 49 1, 035, 668 41 
yy Mente Aa PES A Steet heey 3, 056, 690 1 05 3, 209, 524 50 
PROS St Nee Hae 5th Ot OR Eee oe 2, 611, 309 315 8, 225, 623 35 
1868: 2k ae at eee 2, 116, 109 9 87h 20, 896, 576 37 
1GCG evel. cee ee et 2, 497, 700 6 59 16, 459, 843 00 
1806) 2. 2 feo SS eee 3, 597, 700 3 74 13, 455, 398 00 
1867422. 6 se. ee ee 3, 347, 300 2 41 8, 066, 993 00 
9506 2. CG eee 3, 646, 117 3 624 13, 217, 174 12 
1900,.205 bt eee eee 4, 215, 000 5 63 23, 730, 450 00 
1076. eee 5, 260, 745 3 893 20, 503, 753 63 
ABAY, sei CUES A 20, its eee eee 5, 205, 341 | 4 34 22, 591, 179 94 
197823585 2.2 eae en ae 5, 890, 248 3 64 21, 440, 502 72 
BTS sce cobek ones tick eee 9, 890, 964 1 83 18, 100, 464 12 
IBT4c ilps base eee ee 10, 809, 852 117 12, 647, 526 84 
1878 02) Vek eR Me ree ees 8, 787, 506 1 35 11, 863, 133 10 
4876.0 es fla Weleo eae Me dane 8, 968, 906 2 564 22, 982, 821 62 
Tiss be ee 13, 135, 71 2 42 31, 788, 565 $2 
1818 Noes see eae ee ee 15, 163, 462 119 18, 044, 519 78 
1810. Soak ccs te eeeaa ane oo eceeee 20, 041, 581 853 17, 210, 707 68 
1686 ois AY a ee 26, 032, 421 94} 24, 600, 637 84 





Average price per barrel for 21 years, $2 18+. 





CHART 
Showing the annual “oroduct 207 Of Petroleum 
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1858 i858 
1860 : —_ oe 1860 
1862 ‘wx ” i 1862 
1864 —_ a 1864 
1866 ; Z E = S 1866 
1668 f a ce 
, 
1870 KKttssssy g WA - WZ 
Zz Z Lx 
on ZZ : tH Li 
= tH 4 Z Ms ssisuga irr 
1874 QZ Y ZA tHsésiistésisiss iis : 
VAZ A A YY 
1876 f A Peas 
Lia 4 
1878 Z 4 f Zi 
A H yA 
1880 Z = YZ Li g 
Ou Creek Divistor Pithole Div. Central Allegheny Dev. Lo wer dulegheny Dev. Ttdroute Drv. Clarion Div. CE Bullion Dev. 
Bradtord Onl Sand discovered tx Butts well N°1 by Messrs Butts and Poster Dec. C1874 
Seale. 
1.000.000 4.000.000 8.000.000 12,000.000 BARRELS. 
> ——————————— | 
° 2.000.000 
¢ 
INI 2G 
Proportional production 
poe oes Bie or aera 
owt crt the Oz e 67 t- : - ‘ , " 
Sp Cerne Wisel Reuthars Stet. of the Ou Region of Pennsylvania and Southern New Fork 
Bradford Divisvor. : WaT, op ; 
SE age and that of the tndividual aistricts 
Pennsylvanta and ae Fee 
Cattaraugus and Allegare > Ouvl Creek Drvuszor. - 
Os Wew ork. “ LowerAllegheny Due Kee: : Shamburglleasantuille Enterprise 
heii pa thal ei Tenrango Co. ClarvonDrvisvor. 
Clarion Co ; i Central Allegheny Division. 
PrtholeDrvisvor, Z é 
(And beeen api eae ined CEP DIDI, ' re OF 
ago Co. Venango and ParrenCos BublionDivisron. _, Siaiths Ferry 
GZ p Fenango Co. Warren Division. Dzvisvton. 
Y Ui Y Ln Wearre72Co. Beaver Co. 
Z O 4 j La KZ Yj A ZA P 
Total production 1859 to 1880 44,574,921 BBIS 37342978 BRIS 35.517.297 BRIS. 20.381 088 Bats. 8.876.289 Bois. 6.182.900 Bhis 4.674. 845 BBis. 2.312.090. Beis 448.218 Bats 339,631 BBLs. 


tmclustve 156.590.3717 Bbdits. 


Scale. 


1,000,000 BARRELS 


Comptled by 
Chas. A.Ashhuinenr ALS. 
Assistant,Second Geological Survey of Pennsylvania 


Harry King. Dei. 
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Total production 1859 to 1880 
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Bradford 
M*Kean and 
“as 
Cattaraugus an 
Cos, We 


enango Co. 


Lin OD 


44. ee 372.090. BRLS 


lion Divison. 


Smrvths Ferry 
Warren Division. Dzviston. 
WarrerCo. Beaver Co. 


Z a 
448.218 BRIS 339, 037 Ebi, 





<= — ia » he Py ® " 
a ee ee a ee’ Se iS Sle lee ee 





se a 


— 


THE NATURAL HISTORY OF PETROLEUM. 


149 


STATEMENT OF THE NUMBER OF BARRELS OF OIL PRODUCED FROM AUGUST 26, 1859, TO DECEMBER 31, 1880, BY 
YEARS AND BY COUNTIES, IN THE OIL REGIONS OF PENNSYLVANIA AND SOUTHERN NEW YORK. 











Years. Patan 

410 Nh 8 dey a 156, 153, 807 
TSOOs eee eee sen ss Ieee ec cac.5 1, 000 
fi mat ah ee 500, 000 
CEs Aes saeeg ate ea 2,113, 609 Do. 
CT plied py te Pena a el 2, 056, 690 Do. 
COCR ORNs eee, Ae Sa ae 2, 611, 309 Do. 
ST pas leat 8 en ar 2, 116, 109 Do. 
MRM eee ert, eee ate ce at 2, 497, 700 
AREA FL sep ccntaeceG ete tae 3, 597, 700 
7 a PRA ap an Ra 3, 347, 300 Do. 
{RUGS 05 Pein eeo toe ck ness 3, 715, 700 Do. 
ABAG en eee cee 4, 215, 100 Do. 
11 {WO ay SEES heh ata 5, 659, 000 
5 Oy yea a RE AI conn SR 5, 202, 710 Do. 
is Oe eed 5, 985, 635 Do. 
ERTS ete vagina as cas 9, 882, 010 
rf ee aS ee cre a eee 10, 920, 435 Do. 
Taree kee 8, 788, 470 Do. 
LCV ER Sie rid aco a 8, 952, 355 Do. 
Crab dec, ea gaanieanet ae 13, 129, 780 Do. 
BOTS ee T3002 cn days ata 15, 159, 180 Do. 
RID Parone oo hicn cea 19, 741, 755 Do. 
(TELUS Laelia aomee 25, 960, 260 Do. 








State and county. 





Venango county, Pennsylvania. 
Venango, Forest, Crawford, and Warren, Pennsylvania. 


Venango, with Clarion and Armstrong. 
Venango, with Cattaraugus county, New York. 


Venango, with Butler county, Pennsylvania. 


Venango, with McKean county, Pennsylvania. 


TOTAL PRODUCTION OF CRUDE PETROLEUM IN PENNSYLVANIA OIL-FIELDS FROM 1859 TO DECEMBER 31, 1880, BOTH 
INCLUSIVE, DIVIDED INTO PRODUCING DIVISIONS AND DISTRICTS. 








Years. 





eee ee ee oe 


ee eee errs 


ee ees 

































































: : Central Lower eas : : Yearly 
Givieion, | district. | Allegheny | Allegheny | istrict, | division. | division, | district, | division. | divisvon: | t9tal of all 
Barrels. | Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. | Barrels. Barrels. Barrels. Barrels. 

35, 517,217 | 4,816,298 | 6,482,900 | 37,342,978 | 4,674,345 | 20, 381, 638 | 44,574,921 | 2,812, 190 448, 213 339, 631 || 156, 890, 332 

ines ee ee ee oe ck ol, coc any dacdal tonlede Ba cbu peewee Saclaes | cu ov cdeohowoee etme 2, 000 

aa Ree ete a See rem: | ae Ve riege sR nan dees alls piit nw ond apc lonn'e smn eneivn|oodp elon wpadeledapee gwar ariegaauaggeane 500, 000 

te er ME |e Ree Re aC. a eve wen lnnckudn bongs tire as ePew cu alenawtrecce elec twentectes 2, 113, 609 

PLR. gs hg en Sl a i ES ee Bene A ie Sea RMP Samy Ee | 3, 056, 690 

er re ES NLS ere ca die ahs ns loin Gn ackin od nie wwe ale etewashsGantctoysonlenecue clues if ets tee 2, 611, 309 

ae ee ee ese mee Seine ot tne eat nena lnew wea bcvmachonshingesade|eeaunhecsaeolieseps eens shan yea sama 2, 116, 109 

1, 585, 200 Die em Se | Dee er ee, Me Ais oc ele imae parnocomd |v bovis nn deck Wicahawecy des [deus stesacaalsceemeeteaes 2, 497, 700 

Pee aan MDI OC ot RE, has oye hg YES aisles. acids cadss|e nbenddcaleclecdsdaaetecclseeonreeerectheeateneeaees 3, 597, 700 

2, 393, 300 sean Caines MEE, [2 Arh 5 POM sw baie ood Satie [nodes bes owe oma eernndgactceoees eawealctads oatmens 3, 347, 300 

3, 072, 617 547, 500 GIRS lS) et EE GO ea el Pee eres ea BRE Aer | | Meee aoe ORNS ATES ws Ot 3, 646, 117 

3, 762, 500 365, 000 22, 000 45, 000 20,000) teres toasters) tatoo senistaline wae tena alle dels ewe eswiccieee este senee | 4, 215, 000 

3, 039, 528 173,585 | . 813, 150 918, 644 BIS BSS ie a ere Si ore ke a eee ewe eee | 5, 260, 745 

2, 040, 263 182, 054 | 1,083,386 | 1,091, 458 497, 887 10: GR is: reed Beier NT oe, ae sadhana 5, 205, 341 

1, 529, 685 145, 065 881,140 | 1,658, 080 847, 199 S90 Ogi tran rele Pe ee eins eee 5, 890, 248 

1, 094, 389 119, 864 851, 934 | 4, 402, 563 On, Gas Tk bon Oat a le ee Oe ee) ian 9, 890, 964 

734, 247 55, 770 564,978 | 5, 160, 265 S15: GOW AB O28) BT Deke en ek Noe eots oe ei aac eavacu nen 10, 809, 852 

504, 639 35, 130 348,905 | 4, 712, 702 351,407 | 2, 821, 214 DOS DOOM peace was cen s cic w=. sae nel ooauleteetatete 8, 787, 506 

611, 884 37, 450 833, 640 | 4, 755, 623 354, 284 | 2, 377, 700 382, 768 64, 220 OLS80 7 = peaaea sete 8, 968, 906 

834, 858 60, 380 474, 262 | 5,431, 072 312,700 | 3,012,120 | 1,490,481 1,306, 442 151, 371 62, 085 13, 135, 771 

686, 948 60, 000 363,710 | 4, 552, 815 308,780 | 2,276,408 | 6, 208, 746 505, 265 108, 300 92, 490 || 15, 163, 462 

389, 400 36, 500 558, 652 | 2, 876, 787 227,900 | 1,438, 342 | 14, 096, 759 289, 591 45, 550 82, 100 20, 041, 581 

335, 342 36, 500 166,143 | 1, 737, 969 168, 542 868, 984 | 22, 377, 658 146, 672 91, 655 102, 956 26, 032, 421 

RECAPITULATION. 
Barrels. 

Oil Creek division, including Shamburg, Pleasantville, and Enterprise......-.----. --------+----+ --+++- 35, 517, 217 
Pithole district, including Holderman, Morey, and Ball farms .........-....-----------+---+--------++5- 4, 816, 298 
Central Allegheny division, including Scrubgrass to West Hickory ....-...----.-----.----------------- 6, 482, 900 
Lower Allegheny division, including Butler and Armstrong counties...-....----.--------------------- -- 37,342,978 
Tidioute district, including Economites, Henderson farm, etc ..---.-.----------- -++--+ +--+ +--+ --++- 4, 674, 345 
Clarion district, including Clarion county ..-.-- 1.22. caqee: cade = eee cence coe et ce eee come ee seen ee sees 20, 381, 638 
Bradford district, including McKean and Elk counties; also Cattaraugus and Allegany counties, New York. 44,574, 921 
Bullion istrict, including Venango county ...-..------ ---- ------ eee eee eee e eee ee ee eee cece re teee 2, 312, 190 
Warren division, including Stoneham, Clarendon, etc....-..-.--- -----+ -----+ ----++ ++ +222 eee eee eee eee 448, 213 
Bab Sa ART i eee eh oie ae el ae PRS 339, 631 


Beaver division, including Smith’s Ferry, ete 


Total production from all districts 


sew wes coc eee comet coe ses coe ces cose ces coe e es eee eee eee ees eee eee 


156, 890, 331 
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PRODUCTION OF PETROLEUM. 


STATEMENT, BY COUNTIES, OF THE NUMBER OF ACRES DEVELOPED IN THE OIL-FIELDS OF PENNSYLVANIA AND NEW 
YORK FROM AUGUST 26, 1859, TO DECEMBER 31, 1880. 


Venango county, Pennsylvania 
Crawford county, Pennsylvania 
Forest county, Pennsylvania 
Warren county, Pennsylvania 
Armstrong county, Pennsylvania 
Clarion county, Pennsylvania 
Butler county, Pennsylvania 
McKean county, Pennsylvania 
Cattaraugus county, New York 


State and county. 


ee er 


eee wee wee eeee 


Number of 


acres. 


156, 380 





STATEMENT MADE BY THE UNITED PIPE-LINES FROM THE BEGINNING OF APRIL, 1877, TO JULY 9, 1881. 


Month. 











Gross stocks, 





Hoptembersac.-ascpensaeeceaseeseses es 
OCtODED cos acckesonac-aee Sece abe cakes 
NOVOMDEN + coun verospececackeceneeeseeen 
Décemberiess dsteuscws vecseusaseasecaceesy 


J ANDRE ta alseciak ve sistas Howe Se watetete ames ee 
PF QWIUALY sc Sec ceseccnsacereealeeee te aeeees 


Heptempersk=-- = ..<ncnceme dee we ke sees 
Ocho bers ct cantons scnees ether cen eseeee 











Barrels. 

1, 895, 153. 71 
1, 762, 602. 64 
1, 569, 367. 68 
1, 482, 433. 51 
1, 489, 052. 53 
1, 389, 032. 27 
1, 434, 728. 78 
1, 691, 399. 52 
2, 830, 415. 36 


3, 124, 641. 15 
3, 439, 526, 98 
3, 940, 000. 65 
4, 335, 274. 84 
4, 609, 681. 45 
4, 719, 699. 25 
4, 885, 851. 72 
4, 571, 658. 59 
4, 410, 061. 84 
4, 072, 627. 43 


4, 083, 972. 42 


4, 098, 200. 92 


4, 759, O31. 41 
5, 157, 646. 15 
5, 508, 768. 71 


5, 885, 675. 24 | 


6, 180, 843. 53 
6, 426, 802. 45 
6, 419, 699. 08 
6, 380, 606. 63 
6, 589, 859. 83 
6, 701, 209. 87 
6, 951, 133. 67 
7, 362, 409. 76 


7, 735, 257. 38 
8, 187, 012. 49 
8, 621, 097. 49 
9, 662, 354. 59 

10, 306, 078. 79 

11, 2667771. 7 

12, 039, 010. 00 

12, 749, 623. 28 

13, 618, 726. 03 

14, 020, 877. 39 

14, 656, 891. 55 

15, 369, 758. 67 


16, 291, 307. 87 
17, 355, 485. 31 
18, 488, 476. 94 
19, 560, 752. 23 
20, 591, 117. 38 
21, 397, 698. 53 








Sediment and 
surplus. 


Barrels. 


77, 386. 70 | 


75, 364. 87 
81, 255. 42 
81, 741. 50 
81, 144. 63 
67, 163. 68 
46, 771. 99 
39, 418. 00 
68, 729. 63 


72, 453. 43 | 


82, 452. 66 


92, 963. 06 | 


133, 934. 76 
150, 117. 76 
181, 800. 03 


229, 080. 78 | 


217, 085. 19 
225, 088. 86 
234, 050. 89 
216, 655. 30 
201, 470. 30 


182, 707. 80 
171, 689, 80 
190, 797. 91 
211, 957. 06 
. 815, 992. 98 
334, 457. 29 
323, 295. 32 
302, 345. 15 
325, 363. 85 
299, 393. 67 
308, 641. 17 
294, 571. 37 


295, 517. 60 
322, 568. 93 
351, 130. 35 
388, 558. 16 
454, 198. 73 
477, 431. 69 
475, 446, 5€ 
462, 987. 28 
382, 398. 71 
391, 331. 55 
341, 262. 67 
361, 184. 83 


360, 688, 98 
391, 616. 47 
432, 304. 19 
517, 422. 38 
640, 662. 03 
756, 412. 85 








Net stocks. 


Barrels. 

1, 817, 767. 01 
1, 687, 237. 77 
1, 488, 112. 26 
1, 400, 692. 01 
1, 407, 907. 90 
1, 271, 868. 59 
1, 387, 956. 79 
1, 651, 981. 52 
2, 761, 685. 73 


3, 052, 187. 72 
3, 357, 074. 32 
3, 847, 037. 59 
4, 201, 340. 08 
4, 459, 563. 69 
4, 587, 899, 22 
4, 656, 770. 94 
4, 354, 573. 40 
4, 184, 972. 98 
3, 838, 576,54 
3, 867, 317. 12 
3, 896, 730. 62 


4, 576, 323. 61 
4, 985, 956. 35 
5, 312, 970. 80 
5, 673, 718, 18 
5, 864, 850. 55 
6,092, 345. 16 
6, 096, 403. 76 
6, 078, 261. 48 
6, 264, 495. 98 
6, 401, 816. 20 
6, 647, 492. 50 
7, 067, 838. 39 


7, 439, 739. 78 
7, 864, 443, 56 
8, 269, 967. 14 
9, 273, 796. 43 
9, 851, 885. 06 
10, 789, 340. 08 


11, 563, 563. 44 | 


12, 286, 636. 00 
13, 236, 327. 32 
18, 629, 545. 84 
14, 315, 628. 88 
15, 008, 573. 84 


15, 930, 618. 89 
16, 963, 868, 84 
18, 056, 172. 75 
19, 043, 329. 85 
19, 950, 455. 30 
20, 641, 285. 68 





Outstanding 
acceptances. 


Barrels. 
449, 640, 14 
683, 663.71 
661, 786. 57 
667, 166. 36 i 
643, 281. 46 
552, 676, 26 
673, 850. 05 
657, 591. 36 
754, 338. 25 


864, 711. 41 
1, 404, 292. 13 
1, 487, 439. 50 
1, 615, 791. 19 
2, 065, 333. 31 
1, 950, 420. 81 
2, 078, 469. 56 
2, 064, 590. 76 
1, 705, 853. 95 
1, 517, 484. 27 
1, 784, 443, 35 
1, 741, 311. 07 





2, 153, 763. 83 
2, 346, 238. 22 
2, 484, 881. 83 
2, 644, 301. 36 
2, 522, 486. 36 
2, 959, 921. 12 
3, 323, 575, 29 
3, 581, 224. 03 
3, 783, 480. 38 
3, 788, 155. 65 
8, 972, 300. 18 
4, 235, 459. 40 


4, 436, 788.55 
4, 602, 286, 49 
4, 811, 894, 33 
5, 846, 536. 60 
6, 361, 320. 05 
7, 397, 131. 89 
8, 125, 241. 25 
8, 635, 394. 80 
9, 287, 193. 94 
9, 448, 615. 77 

10, 083, 824. 08 

10, 913, 283. 49 


11, 672, 583. 61 
12, 029, 594. 35 
13, 099, 262. 44 
18, 846, 285. 20 
14, 608, 124. 70 

* 14, 738, 828. 77 





The above figures are in barrels of forty-two gallons each. 


Credit 
balances. 


Barrels. 

1, 368, 126, 87 

1, 003, 574. 06 
826, 325. 69 
733, 525, 65 
764, 626. 44 
719, 192. 33 
714, 106. 74 
994, 390. 16 

2, 007, 347. 48 


2, 187, 476, 31 
1, 952, 782. 19 
2, 359, 598. 09 
2, 585, 548. 89 
2, 394, 230. 38 
2, 587, 478. 41 
2, 578, 301. 38 
2, 289, 982. 64 
2, 479, 119. 03 
2, 321, 092. 27 
2, 082, 873. 77 
2, 155, 419. 55 


2, 422, 559. 78 
2, 639, 718. 13 
2, 828, 088. 97 
3, 029, 416. 82 
3, 342, 364. 19 
3, 182, 424. 04 
2, 772, 828. 47 
2, 497, 037. 45 
2, 481, 015. 60 


2, 613, 660. 55 - 


2, 675, 192. 82 
2, 832, 378. 99 


3, 002, 951. 23 
3, 262, 157. 07 
3, 458, 072. 81 
3, 427, 259. 83 
3, 490, 565. 01 
3, 392, 208. 19 
3, 438, 322. 19 
3, 651, 241. 20 
3, 949, 133. 38 
4, 180, 930. 07 
4, 231, 804. 80 
4, 095, 290. 35 


4, 258, 035. 28 
4, 934, 274. 49 
4, 956, 910. 81 
5, 197, 044. 65 
5, 342, 330, 60 
5, 902, 456. 91 








Receipts from 


all sources. 


Barrels. 
200, 570. 81 
493, 200. 58 
538, 906. 95 
615, 145. 46 
673, 403. 04 
624, 225. 37 
687, 094. 59 
913, 644. 16 

1, 656, 150. 37 


972, 681. 18 
1, 030, 688. 44 
1, 196, 251. 26 
1, 137, 359. 40 
1, 104, 352. 40 
1, 092, 604. 02 
1, 258, 648. 45 
1, 195, 268. 67 
1, 182, 118. 57 
1, 271, 174. 73 


1, 159, 623.71 |* 


972, 338, 83 


1, 231, 237. 19 
1, 055, 377. 95 
1, 363, 512. 17 
1, 379, 349. 76 
1, 488, 514. 31 
1, 437, 250. 90 
1, 472, 651. 01 
1, 714, 620. 11 
1, 691, 863. 41 
1, 646, 725. 06 
1, 600, 961. 29 
1, 771, 781. 24 


1, 832, 963. 04 
1, 607, 663. 89 
1, 815, 133. 31 
1, 739, 297. 37 
1, 552, 240. 91 
1, 781, 937. 29 
1, 890, 161, 44 
1, 904, 452. 70 
2, 075, 105. 26 
1, 999, 487. 98 
1, 859, 991. 50 
1, 987, 283, 54 


1, 876, 526. 50 
1, 823, 713. 46 
2, 222, 812. 39 
2, 182, 636. 96 
2, 278, 582. 78 
2, 318, 445. 18 











Total 
deliveries. 


Barrels. 
125, 797. 90 
619, 612. 26 
737, 609. 77 
699, 476. 18 
666, 144. 28 
760, 745. 57 
570, 092. 71 
649, 242. 70 
506, 322. 99 


715, 149.78 
720, 478. 14 
701, 681. 27 
778, 050. 53 
843, 081. 33 
1, 004, 474. 55 
1, 108, 074. 33 
1, 496, 009. 04 
1, 318, 265. 33 
1, 564, 984. 43 
1, 129, 047. 02 
924, 035. 93 


546, 271. 74 

633, 828. 71 
1, 029, 029. 70 
1, 015, 482. 04 
1, 228, 043. 27 
1, 204, 757. 54 
1, 465, 518. 05 
1, 728, 940. 81 
1, 455, 811. 45 
1, 502, 991. 20 
1, 328, 621. 19 
1, 331, 822. 12 


1, 455, 194. 98 
1, 178, 111. 92 
1, 396, 037. 88 

728, 794. 73 

975, 061. 26 

848, 339. 08 
1, 095, 528. 25 
1, 177, 448. 42 
1, 115,184. 71 
1, 498, 285. 06 
1, 064, 146. 39 
1, 207, 928. 35 


931, 718. 71 
781, 747. 93 
1, 116, 695. 11 
1, 183, 779. 02 
1, 356, 688, 23 
1, 545, 448. 18 








Average| Total annual value 
yearly |-of production in 
price Greenbacks Notes 


1859 : : ; : . 
oe Drake weit. the pioneer well tn Pennsylvanrve, 


1860 | 9. 4.800.000. struck ott” August 28° 1859. 


1861 1.035. 668. , October to December 1867, average rrornthtly 
< price of crude otl.sOcts @ barrel, minimum value. 


1862 : a ; : ) ; 
209. 524 Sanuary 1862, gota At @ premium. 


1863 | 3.15 | 8.225.623, Owl freld supposed to be defined, hence prieg 
of ott rises rapidly. 


1864 | 9.87%] 20.896.576. ea 
Puthole Drvistonm commenced to proauce. 





6 3 - , 2 5 
eee cpa: 043. Gold at the maximum premtum Lurtrg 1868. 


18) , ’ ; ene 
eer pe 05-998. Maximum production of Pithole Deviscor. 





1867 F : 4 
oS ie al ae Central Allegheny Dev. commenced to proauce. 


1868 | 3.624%] 13. : x ; 3 
ee? * Lidioule Butler kArimstrorg Ds. commenced tc produce. 


eee | 27 50. 450. Sss=- Maximum production of Oxul Creek Drvistor. 


1870 | 3.89%| 20.503. 753. ae 
ae Clarion Division commenced to produce. 


187) | 4.34 | 22.59}.179. ies 


Maximum production of Central Allegheny Div. 


7 
/ 


1872 | 3.64 | 21.440. 502, 
-_ 


1873 | 1.83 118.100. 5 é ae tare 
Ph ndad Maximum production of Lidioute Drvisrore. 


1874 1.17 | 12.647. 526. 3 3 
Bradford Out Sand discovered December 6 “1874, 


1875 | 1.35 | 12.133.133, : ‘ Ot Ge 
Bullion and Warren Divistorns commenced to produc 


1876 | 2.56%) 22. ey 
Os gaat . Beaver Divisvor commenced to produce. 
= __ Maximum total value 


= == of 37, 788.323 


1677 | 2.42 | 31. 768.323 





dollars attatned. 


Price of ov fails rapidly tn conseguence of the un 
panned hash OF ia Dihaafone Peete af 


Janwary 1.1879 specie payments resumed tn the US. 


1878 | 1.19 }18.044, 519.78 


1879 -BS%| 16.953. 15] . 38 





Miazinune monthly average 95] of 


| 
1889 | .94%] 24.600. 637. , 
637. 84 1880 yrilling welts attlacrzed. 


TOTAL?324.920.265 .55 


10.000,000 BARRELS 
OR 
DOLLARS 





oe nee woe 


































Average | Total annual value 
“of production in 

Greenbacks 
40.000. 
4.800.000. 
1.035. 668. 
3.209. 524.50 


8.225. 623.35 


20.896. 576.37 
16.459. 843 .00 
13.455. 398.00 
8.066. 993.00 
se ASS 2 
23.730. 450.00 
20.503. 753.64 
22.59).179.94 
21.440. 502, 72 
18.100.464. 12 
Maid 14 2.6475026 B84 
1635 | }2.133.133.10 
1876 | 2.564) 22.982. 82) . 62 


1677 
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Showing the annual production GY Petroleum 
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Legend. 
as ney : Seale. 
--~——-——~—-—--- falue of total production tn Greenhacks. 
_ ee wie bei oie . 
4 Value of total production tn Gold. . ncaa Bacay Pree Ag ei hs a eho ube sain eete 
Total production of entire regtor, SS Se ——— — a - bk 
Notes. DOLLARS 


The total annual value was obtained by multiplying the total production by the average yearly price. 
The average yearly premium on gold was obtained by taking an average of the highest, Lowest, opening and clostng price of 
gold tn currency for each month tn each year. 


Compiled by 
Chas. A. Ashburner ALS. 


Assistart, Second Geological Survey of Perinsylvanta. 
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MISCELLANEOUS PIPE-LINE STATISTICS FOR 1879 AND 1880. 






























































DAILY AVERAGE OF | AVERAGE DAILY RUNS | er eee 
zs za. _|| STOCKS IN PIPE-LINE TANKS. || ~ 
Month. aap ee Coat | Runs. Shipments. 

1879. | 1880. 1879. |. 1880, |} 1879. 1880. || 1879. | 1880. 1879. 1880. 

Barrels. Barrels. || Barrels. Barrels. Barrels. Barrels. || Barrels. | Barrels. Barrels. | Barrels. 
Average for the census year... GSU increas aa-aeiee GUE SBT calves ot ac SLSCOV GSLs |inaawisbic setae ss | 203, 378 | fad aad 79; 400 Votan ates 
“COU CS A eee 14, 800 18, 303 45,719 67,330 | 5, 064,693 | —-8, 520, 696 65,026 154, 034 216 118, 400 
February ....-.-.......----.--------. 12, 200 20, 822 43, 105 62,671 || 5, 541, 683 8, 930, 508 || 52,182 | 125, 376 492 716, 057 
Loh a i 27, 700 18, 954 48, 856 67,024 || 5,928,628 | 9, 369, 240 | 55, 421 167, 564 37 741, 062 
PAE eteaeis as <leie sae == 52-22 ----- 26, 000 18, 975 50, 754 67,921 || 6,332, 841 10, 545, 425 53,477 | 199, 327 2, 585 34, 162 
DID isan nso 2 wee nee se -sn--- 32, 800 18, 370 52, 963 59,048 || 6,565,454 | 11, 230, 883 | 55,489 | 905, 153 36, 728 88, 836 
fou 49, 000 36, 735 53, 908 69, 931 6,849,389 | 12, 281, 711 82, 035 230, 089 35, 575 94, 398 
DULY o2-5- ~~ 52 -- ---- =~. --25-----.--2- 36, 000 35, 033 || 54, 061 71,072 |, 6, 938, 690 18, 150, 974 108,020 | 210,178 24, 588 94, 095 
PATE UCU---6----------------~-2---- 22 38, 600 30, 916 61, 836 71,010 |} 6,998,046 | 18, 945, 113 107,402 196, 249 40, 680 85, 482 
RPEPUGMNDGI b> == 5------------4--00-- 47, 300 33, 567 63, 504 67, 8138 | 7,328,980 | 14, 713, 346 121, 303 169, 147 58, 054 97, 493 
eo cc cc cscesccaus 44, 700 18, 231 | 60, 694 70,861 || 7,402,630 | 15, 114, 802 139, 883 185, 551 98, 889 129, 178 
oo ft da - 46, 300 21, 730 || 60, 278 65,799 || 7,675,193 | 16, 756, 954 118,092 162, 269 97,366 121,978 
Colle tet a eee 31, 300 | 21, 500 : 63, 722 57,749 || 8, 094,496 | 16, 616, 628 1} =.114,852 ) ~—-178, 125 99, 243 110, 659 











SECTION 8.—THE PRODUCTION OF THE PACIFIC COAST, 


Concerning the petroleum production of the Pacific coast, I have to say that I have no official returns from 
any of the parties interested, no communication addressed to them having elicited any response whatever, and in 
consequence I have been forced to rely on such other sources of information as were available. My own experience 
in relation to the petroleum of that region led me to accept all reports published in the newspapers with great caution 
I addressed a letter of inquiry to the senior member of a firm long engaged in trade in refined oils upon the San 
Francisco market, and received the following reply, dated March 16, 1882: 


The consumption of this coast of eastern oils is 4,500,000 gallons of refined. The product of all the refineries of this coast does not 
exceed 400,000 gallons refined. It is of inferior quality, low test, and is principally sold to the Chinese trade at about 16 cents per gallon 
in cans, or less, by 6 cents per gallon, than the cheapest eastern oils. In addition, about 400,000 gallons of crude oil is sold here for making 
gas and fuel. The production seems to be decreasing, the wells being, as a rule, short-lived. The above is, I consider, reliable, and is 
the best information I can get. My firm sell considerable oil, both high- and low-test eastern. We have no demand for California 
production. 


Mr. J. C. Welch, in his report for February, 1880, says: 


My California correspondent writes, February 2, as follows: ‘‘In reference to the Californian production, I would state that since 
iny last letter there has nothing new been developed. It is very expensive and very difficult to drill wells in California, owing to the 
angle at which the rock stands, causing it to cave from the top to the bottom of the well. It requires four or five sizes of casing, telescoped 
from 12 inches to the smallest size that can be drilled through. In this way it requires about as much capital to case a well here as the 
entire expense of a well in Pennsylvania. The time required to drill is from three months to two years, it being very difficult to get the 
casing down, the rock caving atevery point. However, these obstacles would all be overcome if there was a class of men like Pennsylvania 
producers in this country to drill wells, but, fortunately for the producing interests of the United States, the monopoly in California is in 
the producing interest instead of in the refining and transportation interest, as in Pennsylvania. A syndicate of millionaires, led by C. N. 
Felton (who was first in the development of the Bonanza mines of Nevada), have been busily engaged for the last two years in purchasing in 
fee all the lands that show any indications of being oil territory, which, as the tracts of land in which the oil district is located were originally 
divided by the old Spanish grants containing hundreds of thousands of acres, it has been a comparatively easy matter for them to do, 
and they seem inclined to keep their oil in the ground until such times as Pennsylvania shall have exhausted her supplies and the product 
here is needed for the world’s demand. Although the same company have obtained all the necessary machinery, iron, and fixtures for the 
refinery (of which I wrote you recently), and have land secured in a favorable location, located on the bay and also connected with both 
systems of railroad, narrow and broad gauge, yet they have not actually commenced the erection of the works. It will require about 
ninety days from the time they break ground until the refinery can be completed. 

As I suggested in my former letter to you, these parties at present do not intend to produce more oil than is required for the Pacific 
coast trade, and for the next two or three years the California territory need have no influence whatever on the general petroleum market 
unless some unexpected strike should be made that now seems unlikely, as there are onty two or three wells being drilled. 


I do not know exactly what percentage of refined oil is obtained from California crude; but should not, from 
my experience, place the production at above 1,000,000 gallons, or 2,500 barrels. 


SECTION 9.—THE FOREIGN PRODUCTION OF PETROLEUM IN COMPETITION WITH THE UNITED 
STATES. 


From various reports that have received my attention in reference to this subject I select the following as 
most entitled to confidence. The first which I offer, reviewing all of the European fields upon observations made 
during the census year, is from the February (1880) report of Mr. J. C. Welch. The second paper was prepared 
expressly for this report by William Brough, esq., of Franklin, Pennsylvania, 1. gentleman of large experience in 
the Pennsylvania oil regions, whose opinions are based upon a careful personal inspection of the Russian petroleum 
fields, they being really the only European fields likely to prove of more than local importance. Mr. Welch, in his 
report on Russia, says: 

The various oil territories of the world have, during the past year, been receiving some attention, and the chance of their supplying 
oil to meet more or less of the world’s needs is of course an important one to those whose interests are principally identified with that 
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supply being drawn from western Pennsylvania. The Russian territory on the Caspian sea has received the most attention, and it has a 
prolific yield; the two things that have militated chiefly against its being a competitor of importance of the Pennsylvania petroleum are 
in the character of the oil, only yielding about 33 per cent. of illuminating oil, and in the difficulty of getting it to the markets of the 
world through inadequate means of transportation. The opinion prevails among some that a percentage of illuminating oil can be got 
from it as great as that obtained from American petroleum, requiring, however, some different process of refining. This plan is to be 
tested soon by the erection of a refinery in Russia, the owners having sufficient confidence in their process to erect a refinery of sufficient 
size to be a complete test as to whether the process will be a success or not. ; 

Mr. L. Emery, jr., a well-known resident and producer of this region, has just returned from the Baku field, after having taken 
time to give it a critical examination. He estimates the production there during the past year to have been about 28,000 American 
barrels per day from 78 wells, showing the extraordinary average of 360 barrels. The depth of the wells is only about 500 feet. There 
were shipped from Baku last season about 1,230,000 gallons of refined oil. Oil is refined at Baku at 195 refineries, with a charging 
capacity of 28,000 American barrels. There are now in course of erection stills with a charging capacity of about 2,000 barrels, which 
will be ready for business with the opening of navigation in the spring. Some of these refineries are very small; others are owned by 
independent, corporations with large capital. From Baku oil is sent east, south, and west by canals and wagons, and by the Volga river 
to Kisan, and thence by cars it reaches the principal markets of Russia. 

Mr. Emery says it is estimated there are 25,000,000 poods (about 3,125,000 barrels) of crude oil in the vicinity of Baku held in 
excavations in the ground or lakes. Pipe-lines are being used from the wells to the refineries in the vicinity of Baku, a distance of 6 
miles. Two 3-inch lines have recently been laid, one with pipes of American and one of English manufacture; and three more pipe-lines are 
in process of construction, one of 5 inches diameter, the other two of 3 inches diameter. A railroad also runs through the district. The 
price paid for pipeage is about 8 cents per American barrel, and oil is now a drug at 6 cents a barrel at the wells. 

Petroleum is found more or less on both sides of the Caucasian mountains; and oil is produced within the city limits of Tiflis, a city 
which is rated by the latest census as having 70,591 inhabitants. A railroad is in operation from the Black sea to Tiflis, a distance of 180 
miles, and is in process of construction from Tiflis to Baku. Eighteen miles of this is already built, its construction having commenced 
last summer. The contract calls for its completion within three years of its commencement, with a forfeiture for every day over that 
time that it is not completed The contractor, however, states his expectation of completing the road within eighteen months from the 
beginning. The Russian government is the chief mover in the construction of the road, and the road is being built by a government 
contractor of large means. 

In this railroad, and in the possibility of a process of refining oil by which an increased percentage of illuminating oil can be 
eliminated, rests an apparent danger to the petroleum business of western Pennsylvania. With this railroad completed the Baku oil 
would be placed on tide-water navigation with a railroad haul of nearly 600 miles. The commerce of the Black sea is already very 
important, Odessa, located upon it, being one of the great grain markets of the world. 

Very considerable attention is now being turned toward territory in Europe that presents some aspects of being oil-bearing. The 
country south of the Caucasian mountains, of which Tiflis is the center, while belonging to Russia, is in Asia. Immediately north of 
the Caucasian mountains is the Kouban river, emptying into the Black sea. 

The following is from my New York daily report of March 12: 

‘‘T have recently come more fully in contact with people having knowledge of the oil-producing territory on the Caspian sea than I 
had at the time of writing my February monthly report, and I now find the statement I made in that report is of much too favorable a 
character in regard to Baku production and getting the Baku oil to market. The railroad I spoke of as being constructed between the 
Black and Caspian seas has been constructed for some time from the Black sea to Tiflis, and a short piece has been built, say 12 miles 
long, on the Baku end, in the vicinity of the oil-wells. It is intended to go to work on the road east of Tiflis soon, but operations have 
not yet commenced, or had not recently. This distance is between 300 and 400 miles, and there are some uncertainties concerning its 
construction which may keep it delayed for along time. I am informed by merchants in this city, who have correspondents in that 
vicinity, that my information is at fault very considerably regarding the amount of production at Baku, and that it is very much less. — 
Taking into consideration what I am recently informed, the matters at Baku are not of a nature, I judge, that require them at present 
to be taken into account as having a bearing upon the prices of American petroleum.” 

Dr. Tweddle, formerly of Pittsburgh and Franklin, representing a French company, is drilling two wells upon this river, and has a 
small refinery at Taman, a city located near the mouth of the Kouban. He has secured enormous tracts of territory from the Russian ~ 
government. Five drillers and experienced well-men recently left Oil City to join Dr. Tweddle on the Kouban river. Mr. James R. Adams, 
of Oil City, experienced in oil matters, has been with Dr. Tweddle since last summer, having previously spent a year at Baku. 


The following is Mr. Welch’s report on Galicia and Germany: . 


Galicia, in Austria, has been producing some oil for a considerable time, and has now a production of about 500 barrels per day. 
This territory has been visited by Americans accustomed to drilling wells and refining oil, who had gone to inspect it, with a view of 
doing business there, and they came away unfavorably impressed with it as a place to locate in the oil business. . Drilling is difficult and 
expensive there, the strata of the rocks not lying horizontally, but being at an angle that causes them to cave after being drilled through. 
Much or most of the oil is taken from near the surface from wells dug down, and the oil then bailed out. The oil is unreliable in gravity 
even at considerable depths, and the heavier grades are a drug, not being treated in such a way as to make a satisfactory lubricating oil. 
The Galician field is situated on the north side of the Carpathian mountains, and extends a distance of about 200 miles, with a width of 
about 10 miles. In Hungary, on the south side of the Carpathian mountains, there are the same indications of oil that there are on the 
north side. An English-American company has secured 29 square miles here, and are now taking steps to operate it. 

There have been numerous cable reports published in the newspapers recently of oil discovered in Hanover, Germany. European 
petroleum circulars I have received since these reports were circulated make no mention of them, and I have as yet heard nothing from 
my European correspondents upon the subject, although I cabled Bremen about it, and it consequently appears to me that the European 
petroleum trade is not taking much notice of these reports. 

Some petroleum has been found not far from Bremen for the past two hundred years. While I was in Bremen one year ago I took 
some notes of what gentlemen I met hoped would prove to be an oil district. It is located 128 English miles southeast of Bremen. They 
had three wells then down, of different depths, as follows: 181, 242, and 680 feet. Of the first two they were getting a small quantity of 
oil, one yielding 5 and the other 30 per cent. of illuminating oil. The other well they were then beginning to test. I am informed 
since that it only produces a barrel and a quarter per day, and that it is of heavy gravity, These wells are near the small city of Peine. 
Wells recently cabled about to the newspapers are near Heide, in the northwestern portion of Holstein. 
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The following is William Brough’s description of the Russian oil-belt: 


The Russian ‘oil belt” may be traced, at intervals more or less remote, from the island of Schily-Khany, near the eastern shore of 
the Caspian sea, westward over the promontory of Apscheron, and following the line of the Caucasian mountains into the valley of the 
river Kouban, which empties its waters through a lagoon into the Black sea; thence it may be traced in the same general direction across 
the Crimea and to the oil-fields of Galicia, in Austria. This belt is actively worked in the Crimea, in the valley of the Kouban, and on 
the promontory of Apscheron, near the city of Baku; it is only at the latter point, however, that the product is sufficiently large to 
induce the gathering of statistics. At all other points the petroleum produced, whether gathered from springs or obtained by well- 
boring, is entirely absorbed by local consumption. 

The following table gives the shipments of petroleum and its products from Baku for the years named, in barrels of forty gallons 
each: 




















| Year. Refined. Residuum. Crude. 
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LOO sestamecissen tanec cctuaeee aeteaenmea 828, 347 755, 688 38, 628 

| ABEONTO POV ies ccm awe scciewc cas ete 376, 736 427, 953 24, 470 





As the average yield of refined petroleum from Apscheron crude is about one-third, we may estimate the total crude product of that field’ 
for the year 1879 at 2,500,000 barrels, or 6,850 barrels per day. This oilis all consumed in Russia, a very little manufactured for lubricating 
excepted. The residuum is used for fuel, and is consumed nearly altogether by the steam vessels on the Caspian sea and the Volga river. 

As shown by the table, the product of the Apscheron field declined about 9 per cent. in the first half of the year 1880, and by the 
end of that year the decline was so serious that the price, which had ruled for two years with little variation at 24 cents per barrel, 
advanced in the autumn to between $1 and $2 per barrel; but in 1881 production was so increased that in August the price had fallen to: 
2 copecks per pood for oil at the wells, equal to 8 cents per barrel. of 40 gallons. 

The Apscheron oil-field as at present worked lies within a radius of 20 miles of the city of Baku, but nine-tenths of the total 
product has so far been obtained from the deposit at Balachany, which covers an area of from 2,000 to 3,000 acres. This deposit has proved 
very rich. The oil is found in a loose, open sand, at a depth varying from 120 to 450 feet, and is brought to the surface in balers having 
check-valves in the bottom similar to the sand-pump used in the Pennsylvanian oil regions, the large amount of loose sand which comes 
up with the oil preventing the use of the ordinary suction-valve pump used in American wells. The largest well ever found in the 
Balachany district had been producing for six years in 1879, and had yielded during that time an average of 1,200 barrels per day—a 
production much in excess of that of any Pennsylvanian well. The diameter of the wells is from 8 to 12 inches; the capacity of the 
balers from 20 to 40 gallons. There are about 400 wells in the entire Apscheron district, the largest outside of Balachany giving about 
10 barrels per day, and the average yield of the whole number, including Balachany, being about 20 barrels per day. 

Balachany is situated 12 miles north of Baku, and is connected with it by a railway. There are also two pipe-lines for the 
transportation of oil to the latter place, where the refineries are mainly situated, and which is the port of shipment. There is one other 
pipe-line from Balachany to Soorachany, 5 or 6 miles distant, and 10 miles northeast of Baku. At Soorachany a large refinery is located, 
in order to utilize as fuel the gas from gas-springs there; there, too, may still be seen an ancient temple of the fire-worshipers, where 
prayers are daily said to a jet of petroleum gas, whose flame is never permitted to expire. 

The development of the Apscheron oil-field has constantly been restricted by want of transportation facilities, the only outlet for the 
production from Baku to the markets of Russia being by way of the Caspian sea and the Volgariver. Beside this new business of petroleum, 
now thirteen years established, the general commerce of the Caspian has in the same time been steadily growing, and the number of sea- 
going vessels, though constantly increasing, is still quite inadequate to supply the demand for transportation. In 1878 there were 30 
steamships plying this sea; and of these 12 were imperial, leaving 18 merchant ships, varying in size from 300 to 500 tons. Eleven more 
were added in 1879, making 29 merchant steamships in all. There are beside numerous sailing-vessels. The steamships are all of foreign 
build, mainly English, and having to pass through the canals connecting the Baltic with the Volga, their size is consequently limited 
thereby. Some of them have been floated through in two sections. As the depth of water in the delta of the Volga is ordinarily but 2 
feet, it is only in the spring of the year, when the water is 9 feet deep there, that these vessels can enter the Caspian. The oil, both 
crude and refined, is conveyed by these vessels in bulk compartments, as well as in casks and barrels, steamers being used almost 
exclusively for refined and sailing-vessels for crude and for residuum. ‘The voyage is made from Baku to ‘‘ nine-foot” water, where the 
vessels anchor in open roads and deliver their cargoes to barges built expressly for the shallow waters of the delta. These barges convey 
the oil to Astrakhan, a distance of 330 miles. 

At Tzaritzin the facilities for unloading the barges, for storing oil, or delivering it to the railroad are modern in character, and are 
really copied from the American methods. They consist of pipes, pumps, and large iron storage-tanks. The railroad also is equipped 
with iron tank-cars similar to the American. Farther up the Volga the railway again connects with the river at Saratoy, at Syzran, 
and at Nijni-Novgorod, to all of which oil is shipped, the last named being the most northerly point of river shipment, and 1,400 miles 
trom Astrakhan. 

In January, 1880, the Russian government granted a concession for the building of a railroad between Baku and Tiflis, the capital 
of the Caucasus, which was already connected by rail with Poti, on the Black sea. When this road shall be completed, it will furnish 
an outlet for Baku oil to the markets of Europe, and will bring it into direct competition with American oil in those markets The work 
of building this road is, if measured by the Russian standard, progressing rapidly. In August, 1881, 120 versts (about 80 miles) between 
Baku and Adji-Kabul was finished and in running order, and it is expected that the whole road will be completed by August, 1882. Its 
oil-car equipment will have capacity to deliver at the Black.sea 1,000,000 barrels per year. As the harbor of Poti is exposed and unsafe, 
the railway will be extended 60 miles farther south to Batoum, recently ceded by Turkey to Russia, and the best harbor on the Black sea. 
The whole length of the railway will be 660 miles. The freight rate is uniform on all the railroads of Russia, being prescribed by the 
imperial government, and in 1879 was for petroleum 1 copeck per pood for 45 versts, or 94 mills for carrying one ton of 2,000 pounds 1 
mile. At this rate the cost of transferring a barrel of petroleum from Baku to Batoum will be 88 cents. 

As the petroleum product of Apscheron has thus far been so steadily maintained above the carrying capacity of the vessels on the 
Caspian sea, we need not doubt that, with the opening of the Baku and Tiflis railroad, other deposits will be found along the line 
indicated. Indeed, the Russian oil man is fully alive to this conception, and is already prospecting along the whole line from Baku to 
Adji-Kabul, buying and selling, leasing and releasing, oil lands after the manner of his American prototype. But until this railroad is 
completed the Americans need not fear competition from that quarter. The high rates of freight on the Caspian, the delays and hazard 
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attending the discharge of cargo in open sea at ‘‘Nine-foot”, the double transfer, and the long voyage from ‘‘Nine-foot” to Tzaritzin, 
requiring the service of steam-tugs all the way, these, added to the fact that this only outlet is closed by ice from November until April, 
form a complete bar to such competition. Indeed, it is doubtful whether the Russian could now hold his place in his own market without 
the help of the duty imposed for his protection upon American petroleum. This duty is 9 cents per gallon, payable in gold. 

The gravity of Baku oil ranges from 26° to 36° B., there being very little of the latter grade, and the gravity of oil taken from pipe- 
line tanks, where the product of different wells is mixed, is about 30° B. This mixed oil gives a yield of 33 per cent. illuminating oil, 
and the residuum is used for fuel. No other fuel is used by steamers on the Caspian sea. Many of the steamers on the Volga also use it. 
It is also the only fuel used by the locomotives on the railway now building and partly completed from the eastern shore of the Caspian 
sea into the Turkoman territory recently acquired by Russia. 

The oil-fields of the Kouban valley and the peninsula of the Taman, on the Black sea, have been worked actively, with some intervals 
of comparative rest, since 1864. In that year a Russian nobleman, Count Novyosiltzoff, leased 1,500,000 acres from the ‘Cossacks of the 
Kouban” and began operations on an extensive scale. He employed American workmen, and extended his well-drilling over a stretch 
of country 150 miles in length. He also built a large refinery at Taman, on the straits of Enikale, near the western end of his territory. 
It is difficult now to ascertain what success attended his operations. At one point, Kudokko, it is said le obtained a very large well, 
some Cossack estimates putting it at 10,000 barrels per day; but we may rest assured that this is a greatly exaggerated statement. It 
may be doubted whether the well produced at any time 1,000 barrels per day, or for any considerable time even a hundred, for Noyosiltzoff 
failed to obtain oil enough from his wells to compensate him for his expenditures, notwithstanding that the price ruled very much 
higher then than now; and his enterprise finally failed, after sinking his original capital and involving him in an indebtedness of about 
1,500,000 rubles. The Kudokko well is still producing; its yield in 1878 was about 23 barrels per day. The well was then four years 
old. It is pumped by steam-power, with a suction-valve pump. The oil is of good quality, olive-green in color, gravity 36° B., and 
yields when distilled 50 per cent. of illuminating oil. A small refinery on the estate works up the oil into lubricants and illuminants, and 
finds ready sale for the entire product in the Cossack community of the neighborhood. Twenty-eight other wells were drilled around 
this first well without increasing the total product; indeed, the Kudokko oil-field has been shrinking steadily since it was first opened, 
notwithstanding the occasional drilling of new wells, and its total product is now less than 20 barrels per day. 

In 1879 a French company, under American management, leased all the Novosiltzoff land except the 25,000 acres which form the 
Kudokko estate, and began operations in a vigorous manner. This company is still at work; it has in its employ skilled, practical 
workmen from the oil regions of Pennsylvania, and it has made several large shipments of well machinery from America. It also recently 
purchased here pipe and pumps for a pipe-line from Ilsky, where its most productive wells are situated, to the port of Novorossisk, on the 
Black sea, 65 miles west of sky. It is perhaps too soon to determine what success in finding oil will attend its operations; but the total 
yield of its wells is thus far about 80 barrels per day, and the greater part of this product is of inferior character, being a black bituminous 
oil. It may, however, be doubted whether any large deposit of petroleum will ever be formed within the limits of this field, taking Isky 
as its eastern boundary and including all the land westward which forms the peninsula of Taman, bounded on the north by the sea of 
Azov and the straits of Enikale and on the south by the Black sea. There has been a large amount of unsuccessful test-drilling done 
here in the last sixteen years, but no rock has yet been found which makes a suitable receptacle for petroleum. Wherever found, the oil 
is diffused through the whole strata of soil and near the surface, so that no mechanical ingenuity is required to reach it, but it can be 
obtained with the rudest well-boring implements. It is therefore reasonable to conclude that the country has been worked for oil from 
remote times. 

The greatest depth at which oil has been found here is 400 feet, and deeper drilling has thus far given no promise of success. These 
remarks are equally applicable to the Crimean district, which is of the same character. 

Although illuminating oils manufactured in Russia from the native crude product compare favorably with the American oils, the 
latter have nevertheless been yearly imported into Russia, though in diminishing quantity; but the fact that these imports still continue 
seems to need some explanation, in view of the heavy duty of 9 cents per gallon imposed on American oil. A comparison of the burning 
qualities of the two oils shows that the American gives a slightly whiter flame, and that it is less liable to smoke than the Russian. In 
odor and color they are equal. The Russian oil burns with undiminished flame until the oil in the lamp is exhausted, while the flame of 
the American sinks when the oil becomes low in the lamps. The fire-test of the Russian oil is quite as good as of the best American, and 
the tendency to smoke of the Russian is easily overcome by a proper adjustment of the lamp-chimney. 

The Russians have lately introduced some new patterns of chimneys. 

These remarks apply only to standard oils of both countries found in open market at St. Petersburg, rejecting special brands and 
inferior or defective lots. 

The following table gives the imports of American refined petroleum into Russia for the years named, the figures being taken from 
Russian official records and transposed from ‘‘poods” into barrels of forty gallons each: 


Barrels. || Barrels. || Barrels. 
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Tn conversation with Mr. Charles H. Trask, of the firm of William Ropes & Co., of 70 Wall street, New York, 
largely engaged in the Russian trade, he remarked that transportation from Baku to St. Petersburg was so 
expensive that a high gold duty, augmented by a depreciated currency, alone rendered the manufacture of Russian 
oils in St. Petersburg possible. Without this duty the oils could not compete with American, although the 
lubricating oils made from Russian crude do not chill and are superior to American lubricating oils. He said, 
further, that shipments of low-grade American oils to Russia had entirely ceased, but that high-test American oils 
were still sold there. As the tariff may be changed at any time, the business was somewhat uncertain both for 
those within and those outside Russia. , 

I have not been able to obtain any satisfactory statistics of the Canadian production. So far as I can learn, 
stocks had accumulated in Canada befcre 1879, but during that year and subsequently these stocks were drawn > 
down, so that the production of refined during the census year was no indication of the production out of the ground. 
I have not therefore made any attempt to estimate the Canadian production, which is only of local importance, as 
partially supplying the Dominion markets. 
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CHAPTER I.—MIXTURES OF PETROLEUM. 


SECTION 1.—FILTERED PETROLEUM. 


Petroleum was prepared for use, particularly in medicine, by filtering, at a very early date in southern Ohio. 
Dr. Hildreth, as early as 1833, (a) mentions filtering petroleum through charcoal, by which much of its “empyreumatic 
smell is destroyed and the oil greatly improved in quality and appearance”. Since that time petroleum has been 
filtered through gravel and through both wood and animal charcoal, in order to remove all sediment from it, and at 
the same time to remove in part both its color and its odor; but since the methods of refining by distillation have 
been discovered, it is chiefly the more dense oils that have been treated in this way. These dense natural oils are 
often injured by distillation in the properties which render them valuable for lubrication, and filtering appears to 
furnish the only means of removing, even in a partial manner, the color and the often quite disagreeable odor. 


SECTION 2.—MIXTURES OF PETROLEUM. 


The mixtures into which petroleum enters are chiefly used for lubrication. They consist of petroleum and 
heavy products of petroleum mixed mechanically with animal and vegetable oils, tallow, resin, and allied materials, 
of the same mixed with mineral substances, and also of the same mixed with chemical compounds. The first class 
of compounds is made in very great variety ; in fact, there is scarcely a wholesale oil house in the country but has 
some formula of its own for compounding lubricating oils, into which petroleum or the products of petroleum enter 
as a constituent. Some of these are sold honestly as mixtures, while others are adulterations pure and simple. 
Some of these mixtures are prepared in the rudest manner, and are used only for the coarsest purposes; others are 
prepared with great care, the mixture being effected by heating and purified by straining or filtering the oil 
through various materials. The general purpose for which mixtures are prepared is to produce a lubricating 
material that will be quite as effective as animal or vegetable oils and at the same time be less expensive. A few 
mixtures are prepared and sold on their merits as preparations of a superior quality, while some dealers maintain 
that the larger the proportion of mineral oil the better. 

The oils used in preparing these mixtures are sperm, whale, and lard oils to a considerable extent, especially for 
lubrication. Neat’s-foot oil and castor oil are used in mixtures for dressing leather. Lard-oil mixtures have been 
used for oiling wool. In Germany a mixture is sold under the name of “ Vulcan oil”, which consists of a petroleum 
distillate of a specific gravity of from 0.870 to 0.890, treated with about 6 per cent. of sulphuric acid and well washed 
with water, and then mixed with 5 per cent. of rape oil. Another, called “opal” oil, consists of petroleum distillate 
of a specific gravity of from 0.850 to 0.870, similarly treated and washed, and mixed with 10 per cent. of rape oil. 

The mixture of petroleum products with mineral substances have only been invented quite recently, and 
are principally the so-called .plumbago oils manufactured in Rochester, New York. By a process which has been 
patented, reduced petroleum is apparently ground with graphite, as paints are ground in oil, resulting in a complete 
suspension of the graphite in the oil. It is claimed that these oils are very superior lubricators for railroad axles 
and steam cylinders, the latter becoming coated with a polished coat of graphite soft as silk. The Johnson 
Graphite Oil Company publishes a certificate showing that a car had made over 13,000 miles of mileage on one 
application. It has also been proposed to treat heavy reduced oils with powdered pyrophyllite. This mineral 
resembles talc, and when powdered is especially soft and greasy to the touch. 

The most striking example of chemical preparations of petroleum is perhaps found in the justly celebrated 
Galena oils, manufactured at Franklin, Pennsylvania. These oils consist of a lead soap dissolved in petroleum. 
A lead soap is prepared after the ordinary manner by boiling oxide of lead with a saponifiable oil, and the whole 
is dissolved in the natural heavy oil of the Franklin district. The oils thus prepared have great tenacity and 
endurance as lubricators, particularly for car-axles, for which purpose they are principally used. 

Mixtures of natural oils and tallow, natural oils and residuum, reduced petroleum, residuum from acid-restoring 
works, containing sulphur, pine tar, etc., are used on car-axles and for other heavy lubrication. 
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CHAPTER II.—PARTIAL DISTILLATION. 


SECTION 1—SUNNED OILS. 


The thickening by evaporation of oils spilled upon the Allegheny river and its tributaries, by which an ordinary 
third-sand oil would become converted into a dense oil fit for lubrication, led to experiments upon the lighter first- 
and second-sand oils around Franklin that were too light for lubricators and too dense for profitable manufacture 
into illuminating oils. These experiments were first undertaken by Mr. William H. Brige, of Franklin, and 
consisted in an attempt to imitate the conditions observed on the river as nearly as possible. Mr. Brige first 
exposed the oil spread on the surface of water in a small pan 3 feet square. This pan was placed in the sun, and 
the light oils were allowed to evaporate until the desired consistence was reached. The method was found to be 
entirely successful. The plan, since adopted on a larger scale, is as follows: A wooden tank is provided, sunk in the 
ground nearly its entire depth, 60 to 70 feet long, 20 to 30 feet wide, and 1 foot deep. A flat steam coil is laid upon 
the bottom, and water is run in from 8 to 10 inches deep, upon which a layer of oil about an inch thick is placed. 
The water is heated by the coil to about 110° F., and the oil becomes very limpid. Every description of dirt, 
particularly minute particles of grit, that was held in suspension in the viscid oil is left free to fall to the bottom 
of the tank, and the specific gravity of the oil is reduced in a few days from 32° to 29° B. The oil loses by this 
treatment about 12 per cent. of its volume, and is increased in value from $5 to $12 per barrel. 


SECTION 2,.—REDUCED OILS. 


Throughout the entire region the observation has been made repeatedly that oil left in open tanks evaporates 
and decreases in specific gravity Baumé. Mr. George Allen, of Franklin, acting on such observations, patented a 
novel method of partially evaporating petroleum which produces a very superior quality of oil. He suspends sheets 
of loosely woven cloth vertically above troughs in a heated chamber and by a perforated pipe distributes the oil upon 
the upper border of the curtain in thin streams. The oil is thus distributed over a large surface in the heated 
_ atmosphere, and the thin film is rapidly evaporated, the light portion passing into the atmosphere, and the heavy 
portion dripping from the lower border of the curtain into the troughs, from which it passes into a receptacle. This 
method of treatment furnishes a bright green, odorless oil, entirely free from sediment of any kind, such impurities 
remaining attached to the curtain. These methods of partial evaporation are particularly valuable, as they preserve 
all the qualities of the natural oil, without any danger from the effects of overheating. 

Many thousands of barrels are reduced every year by partial evaporation in stills, either by direct application 
of heat or by the use of steam, the evaporation for this purpose being always so carefully conducted as to avoid 
overheating and “ cracking” or any approach to destructive distillation. The different grades of naphtha are usually 
run off, and then a sufficient amount of distillate is removed to reduce the portion remaining in the still to the 
required specific gravity. The amount of reduction depends upon the purpose for which the oil is intended, not 
only with regard to its density, but also with regard to the velocity and temperature at which the machinery is to 
be run. For use on large journals and those revolving at moderate speed the oil is reduced to a specific gravity 
of from 29° to 324° B., but for use on small journals moving with great velocity, and also in the interior of cylinders, 
where the temperature is very high, a still greater reduction is found necessary, and the oil is made more dense. 
At the same time it is made less volatile, having a specific gravity of from 26° to 29° B. 

A large proportion of the lighter grade oils of West Virginia and Ohio and the entire production of the Smith’s 
Ferry district are treated in this manner. The latter oil is very peculiar, having the color of pale sherry, without 
its transparency, and when freshly pumped has a specific gravity of 50° B., with a much less pronounced and 
less disagreeable odor than any other petroleum produced in commercial quantities in the United States. When — 
reduced with the aid of steam the distillate of suitable specific gravity for burning oil requires little or no treatment 
with acid or alkali, and the reduced oil from the still preserves its amber color and freedom from offensive odor, 
furnishing a lubricator of very superior quality and attractive appearance. 

Reduced oils are often filtered through animal charcoal, and are thereby greatly improved in color and odor. 
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CHapreR I]—GENERAL TECHNOLOGY OF PETROLEUM BY DISTILLATION. 


SECTION 1.—INTRODUCTION., 


Oils were first obtained for commercial purposes by distilling shales and coal early in the present century, but 
they had been thus produced in small quantities for experiment more than a century before. Gesner, in Coal, 
Petroleum, and Other Distilled Oils, 1861, page 8, says: 


As early as 1694 Eele, Hancock, and Portlock made ‘‘pitch, tar, and oyle out of a kind of stone”, and obtained patents therefor. 
* * * Tn 1781 the earl of Dundonald obtained oils from coals by submitting them to dry distillation in coke ovens. * * * Laurent, 
Reichenbach and others distilled the tars obtained from bituminous schists. These tars were purified in some degree by Selligne, and 
the oils subsequently obtained an extensive sale in Europe for burning in lamps and for lubricating machinery. * * * Patents were 
granted in England in 1847 to Charles Mansfield for ‘‘an improvement in the manufacture and purification of spirituous substances 
and oils applicable to the purposes of artificial light”, etc. Mr. Mansfield’s operations appear to have been chiefly directed to the coal 
tar of gas works, from which he obtained benzole. He was perhaps the first to introduce the benzole or atmospheric light, which is. 
described at length in his specifications. 


From a letter received from the eminent English geologist, E. W. Binney, I extract the following statement 
concerning the origin of the paraffine oil industry of Scotland: 


In 1847 Mr. James Young came to me to ask for information as to petroleum, he having agreed to work some at Riddings, near Alfreton.. 
I gave him all the information I possessed. In 1848 I went over with him to Down Holland Moss(a) and showed him the petroleum peat 
there and brought away samples for him. In the same year I went to Riddings and descended Mr. Oakes’ coal-pit and examined the 
petroleum as it came from the roof of the coal-seam. I then distinctly told him that the oil could be made from highly bituminous coal, 
distilled at a low heat in a something similar way as the peat and gas-coal yielded it. In 1850 Mr. Young and I became aware of the 
discovery of a highly bituminous coal at Boghead, in Scotland. We met at the British association, in Edinburgh, at the end of July. I 
went over to Bathgate, descended the pit where it was wrought, brought a sample of it, and showed it to Messrs. Young and Meldrum, 
who said they thought it would not make oil. I said that if they could not make oil from it I could. In a day afterward they asked 
me to join them in a patent to work the invention. Mr. Young was to take out the patent in his name, and Mr. Meldrum and I were to 
join him in owning and working it. I accordingly bought land, found money, and purchased 10,000 tons of Boghead coal. These works 
were carried on under the style or firm of E. W. Binney & Co. for fifteen years. I drew the specification of the Young’s patent and 
invented the name paraffine oil, which term was quite new. In 1856 I took out an American patent in Mr. Young’s name for the invention, 
and several parties took licenses in the United States to work it there, paying 2 pence per gallon royalty to us, they fetching Boghead 
coal from Scotland at a cost of £4 or £5 per ton when delivered. Breckenridge and some other American coals were also used, I believe: 
As some of these parties refused to pay their royalties, we went to law with them in the states, and their lawyers, having heard that our 
patent had been the subject of a trial in the court of Queen’s Bench, wrote to England for the history of Young’s patent, which was 
reported in the Jowrnal of Gas Lighting, in a trial at law, Young vs. Hydrocarbon Gas Company, June, 1854. In this trial Mr. Young 
gave in evidence that he obtained parafiine oil from petroleum before he resorted to coal to obtain it. That would be about 1860; and our 
American patent never yielded us another cent of royalty. Oil lamps for burning it having been invented in Europe, all was ready for 
the start of your vast petroleum trade. We always dreaded your native oil coming on us, but we did pretty well before it rushed out,. 
and our patent expired in 1864. 


There was no lack of information in this country respecting the properties of petroleum prior to 1860. 
Professor Silliman, sr., in 1833, wrote: 


I have frequently distilled it in a glass retort, and the naphtha which collects in the receiver is of a light straw color and much 
lighter and more inflammable than petroleum. On the first distillation a little water rests in the receiver at the bottom of the naphtha, 
from which it is easily decanted, and a second distillation prepares it perfectly for preserving potassium and sodium, the object which 
has led me to distill it. (b) 


In a communication made to the Bradford Hra of July 4, 1881, some one signing himself ‘‘ Old Salt Well” 
gives the following story of the first attempt to refine petroleum in northwestern Pennsylvania. Speaking of the 
salt-wells near Tarentum, Armstrong county, Pennsylvania, which, with the springs on Oil creek, at that time 
produced all of the petroleum of that region, he says: 


To my certain knowledge they only produced from three to five barrels per day, and I recollect distinctly there was but one well 
that produced oil only. The wells were pumped, the oi] mingling with the salt water. The wells were owned by a gentleman named 
Kier. When the wells first yielded oil it was placed in four-ounce vials and hawked about the country at 25 cents per bottle as Seneca 
or rock oil for medicinal purposes. In the year 1854 a small refinery was built at the corner of Grant street and Seventh avenue, 
Pittsburgh, the point of the old canal outlet into the Monongahela river and the same locality of the present railroad tunnel. It was there 
the first carbon oil was refined for illuminating purposes. The still did not have a capacity exceeding five barrels. It occupied a one- 
story building, in size about 12 by 24 feet. In the spring of 1855 I purchased a gallon of the oil, had it placed in a stone jug, and took it 
home for the purpose of illumination. The kind of lamp in which the oil was used was the same as what was then employed for a 
substance called burning fluid. The lamp had from one to five small tubes, and was made of britannia or pewter. To trim the lamps 
cotton-wick was drawn into the tubes, perfectly tight, and the wick was cut down closely until it ceased smoking, and then the lamp 
was nearly as perfect as any lamp of the period. Each one of those tubes produced a light equal to about two tallow candles. In the 

_ year 1876 or 1877 the still that was employed in this immense refinery was displayed at the exposition in Allegheny city, and was labeled 
as the first still ever used to refine petroleum. In its day it supplied the world’s demand for that kind of an illumination. The matter 
of where the first oil was produced I believe is not the question. Any of the old salt manufacturers about Tarentum can corroborate 
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what is here stated, and perhaps furnish many interesting details not contained in this brief article. These wells were located 18 miles 
from Pittsburgh, near the path of the old Penysylvania canal. Colonel Drake was not the first man to produce petroleum, but he was 
certainly the first person who drilled a well for the express purpose of finding oil. The questions of when and by whom the first oil 
was produced and refined can readily be established by indisputable proof. 

The Mr. Kier mentioned above was Mr, Samuel M. Kier, before mentioned in this report (see page 10), who, with 
his friend Mr. McKuen, carried on the enterprise as described. This statement is corroborated by a large amount of 
evidence from independent sources. It was not a lack of knowledge, but a lack of petroleum, that prevented its 
use by American manufacturers before 1860. Drake sold his oil to McKuen for 75 cents a gallon. 

The editor of the American Journal of Science and Arts in 1861 reviewed Gesner’s Coal, Petroleum, and other 
Distilled Oils, and says: 

The author recognizes the intimate relation of the manufacture of coal oils with the production in such increasing abundance of 
petroleum, destined to become a powerful competitor of the artificial product for economic use. It is instructive in this connection to 
recall the fact that the natural product (petroleum), which has been well known from the earliest records of human history, should 
have remained comparatively useless and almost neglected until the modern art of coal-oil distillation has shown its industrial value. 
It is quite possible that the future historian of the industrial arts may look back on the coal-oil distillation as only an episode in the history of the 
development of the use of petroleum. (a) 

In 1862 Isaiah Warren and his father, being in the lard-oil and candle trade in Wheeling, West Virginia, 
commenced the distillation of West Virginia petroleum in three 15-barrel stills, and Mr. Warren, sr., was 
apprehensive that they would glut the market, the price of refined oil then ruling at from 85 cents to $1 15 per 
gallon. 

SECTION 2.—EARLY METHODS. 


The stills in general use at this time were made in three parts, bolted or riveted together, and consisted of a 
cylindrical cast-iron body, to which was attached a boiler-plate bottom and a cast-iron dome and goose-neck. 
They held about 25 barrels, were heated from the bottom and bricked up upon the sides, and were sometimes 
protected from the direct action of the fire by fire-brick. These stills were charged with crude oil, the charge run 
off, the still cooled, and the coke cut out, often with a cold-chisel. When four-fifths of the oil had been run off the 
remainder was, when cold, as thick as pitch; at this point some refiners introduced steam, which mechanically 
expanded and carried over the last volatile portions of the charge, leaving a compact coke, while others distilled 
to coke without steam. The use of steam at a high pressure in the distillation of Rangoon petroleum and coal had 
been patented in England in 1857 by Mr. Bancroft, of Liverpool; and Mr. Wilson, a manufacturer of stearic acid, 
ip 1860 used superheated steam in the distillation of natural petroleums.(b) Steam under moderate pressure was 
also frequently used throughout the entire distillation, both above the charge and injected through it. In 
the latter case it becomes superheated as the boiling point of the oils rises above that of water; it was, 
however, considered preferable with the dense paraffine oils to superheat the steam before it entered the oil. 
Sometimes, after the charge in the retort was partly run off, it was the practice to allow a stream of fresh oil to 
enter the still about as fast as the vapors were condensed. In this way about twice the ordinary charge could be 
distilled and the residue of the whole run down to coke. The light naphthas were first taken off and were used for 
fuel or were allowed to run to waste, there being at that time little or no sale for these products. The distillate 
was then run to illuminating oil until the specific gravity reached 36° B. = 0.843, and the remaining charge 
run down till the distillate became of a greenish color. The illuminating oil was then placed in an, iron- or lead- 
lined tank and agitated for one or two hours with oil of vitriol washed, then with water, and afterward treated in the 
same manner with caustic soda solution of a specific gravity of 1.400 and again washed with water. Some refiners 
considered this successive treatment with acid and alkali sufficient; others subjected the treated oil to a second 
distillation, sometimes over solid caustic soda: but this distillation had to be conducted with great care. Some of 
the earliest and most successful refiners of petroleum on the Atlantic coast were formerly manufacturers of whale 
and sperm oil, and, having been accustomed to expose their animal oils to sunlight under glass roofs in shallow 
tanks, they adopted with uniform success the same method of treatment for the mineral oils. Both the color and 
the odor are improved by this exposure. The heavier naphthas and heavy oils were subjected to redistillation, 
either alone or with more crude petroleum, and all of the distillate of a proper specific gravity for illuminating oil 
was carefully separated. The remaining heavy distillate was treated with acid and alkali and sold as “ paraffine 


oil”. It was of a dark color and rank odor, and found its way into use very slowly, not only on account of its 
real inferiority, but on account of violent prejudice against it. 


SECTION 3.—DESTRUCTIVE DISTILLATION. 


The general method of manipulation just given was in very general use until about 1865, when the method of 
cracking or destructive distillation of the heavier oils was generally adopted. A great variety of chemical reagents 
were used in treating the oils. Solid caustic soda was used in the stills. The oils were washed with nitric acid : 
bichromate of potash was added to the sulphuric acid, and the combined action of sulphuric and chromic acids 
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was thus secured; and chloride of lime or bleaching powder in the proportion of 3 ounces to one gallon of oil has been 
used with hydrochloric acid, the oil finally being treated with lime water. Whatever reagents are used in treatment, 
it has been found necessary to bring the oil to a uniform temperature above 60° F. In the old form of agitator, 
when the mixture was effected by machinery, the injection of steam during agitation has been found beneficial 
both for bringing the oil to the required temperature and to facilitate the washing and settling of the acid and 
alkaline solutions. (@) 

In December, 1865, James Young, jr., of Limefield, took out a patent in England for an improvement in 
treating hydrocarbon oils that was noticed as follows in the Chemical News for August 31, 1866: 

This looks like a very valuable invention. The patentee submits the heavier hydrocarbon oils to distillation under pressure, and 
finds that thereby the heavier oils originally operated upon are converted into oils of lower specific gravity, possessing a higher commercial 
value. The process may be carried on in ordinary steam boilers (noétubular), which should be proved to 100 pounds; but it is not found 
necessary to operate much beyond a pressure of 20 pounds to the inch. The means of regulating the escape of the vapor, and of condensing 
it, can be easily imagined. The operation may be carried on with the crude products of the original distillation, or the lighter oils may 
first be separated by an ordinary rectification, and only the heavy oils submitted to this treatment. (b) 

At about the time that this invention was patented in England the same results were obtained in the 
United States by an entirely different method of manipulation. This method consisted in a slow and repeated 
distillation, which produced destructive distillation of the medium and heavy oils, converting them into oils of a 
density suitable for illumination with a production of gaseous products and deposition of carbon. In order to 
accomplish this result the brick casing was removed from the stills, and after that portion of the distillate suitable 
for illumination had been separated the fires were slackened and the vapors of the heavy oils as they rose into the 
dlome of the still were allowed to condense and drip back upon the hot oil below, which had meanwhile been heated 
to a temperature above the boiling point of the oil dripping upon it. This practically superheats the vapors of the 
oils and produces decomposition. The effect of distillation under pressure is precisely the same: the oils are 
distilled at a temperature above their normal boiling points. By this method of distillation the petroleum can be 
converted into naphtha, illuminating oil, and coke, with a certain amount of gas either escaping into the atmosphere 
or being burned as it escapes. The illuminating oil may be collected in one receptacle and be made of uniform grade, 
or that portion of the petroleum suitable for purposes of illumination can be separated from that produced by 
destructive distillation, thus furnishing two grades of illuminating oil which are quite different in composition and 
quality, the light oils in the crude petroleum being superior to ‘those produced by the decomposition of the heavier 
portions of the oil. This method of distillation had heen successfully pursued in treating the distillates from coal 
before the introduction of petroleum, but it was not generally applied to the treatment of petroleum, especially 
in very large stills, until about the time here indicated. Its successful introduction and general adoption 
was, however, the result of an accumulated experience, not only in the distillation, but quite as much in the 

subsequent treatment of the oil with acids and alkalies, especial regard being had to the temperature while 
undergoing treatment. The result of the adoption of this method of manipulating the oil by one distillation was 
the gradual separation of petroleum refiners, in a general way, into two classes: a small number who continued 
to manufacture a variety of products from petroleum, and a large number who manufactured principally illuminating 
oils. While the division thus made is correct in a general sense, it must not be understood as applying strictly to 
all the parties engaged in manufacturing petroleum. There are those who reduce petroleum and sell their light 
distillates; others who reduce petroleum and treat their own distillates; others who produce nothing but enormous 
quantities of crude naphthas, illuminating oils, and residuum, selling their crude naphtha to parties who redistill 
and fractionate the naphtha into several products—their illuminating oils to the general trade, and their residuum 
to manufacturers of lubricating oils; others who refine and fractionate crude naphtha; others who manufacture 
lubricating oils, using both crude petroleum and residuum for the purpose; others who manufacture in one 
_establishment nearly everything that can be made from petroleum; and still others who have special processes by 
which peculiar products are obtained. It is unnecessary to describe in detail all of these different methods of 
conducting the business of manufacturing petroleum ; it is sufficient for my purpose to describe carefully what may be 
termed two typical establishments, and then to describe a number of processes that are used for special purposes. 


SECTION 4.—DESCRIPTION OF THE APPARATUS USED IN MANUFACTURING PETROLEUM. 


Before describing the process above mentioned, it will be necessary to describe in detail the apparatus which 
is in general use in such establishments. 

Locarion.—The largest petroleum refineries in the country are at, tide-water at Hunter’s Point and Newtown 
creek, Long Island; Bayonne, New Jersey ; Point Breeze, below Philadelphia, and at Thurlow, below Chester, on the 
Delaware; and near Baltimore, Maryland. At Bayonne, New Jersey, the Standard and Ocean refineries have piers 
1,000 feet in length, with sufficient water to float the largest ships and facilities for loading from 6,000 to 7,000 
barrels of refined oil daily. In western Pennsylvania and Ohio the refineries are usually located upon the side of 
a hill, the storage-tanks for crude oil being placed highest and the oil distributed by gravity so far as is possivle. 
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BuILDINGS.—The buildings of refineries are in the greatest variety possible. In the older establishments, 
particularly in the Atlantic cities, the works are carefully inclosed with substantial buildings of brick and iron, 
while the other extreme is to be observed in newer establishments, either just going into operation or being rebuilt 
after destructive fires, when scarcely anything about the place except boilers, engine, and pumps is covered, the 
receiving-tanks being underground and the stills without any covering at all. The works of the Downer Kerosene 
Oil Company, at South Boston, have always been very carefully inclosed iu valuable brick buildings, and no serious 
loss has occurred there for many years. Some of the immense refineries at and around Hunter’s Point, Long 
Island, are also fully inclosed; but the works of the Tide-Water Pipe Company at Thurlow, Pennsylvania, on the 
Delaware, only recently constructed, and said to be one of the most complete establishments of the kind, are almost 
as completely exposed to the elements as those of the smallest and rudest concerns in the oil regions. The boilers 
are placed in one building, the pumps in another, the office in another, all of which are of brick; but the stills and 
condensers are without any covering whatever. The distillate tanks are all underground; the agitating tank is 
isolated and uncovered; and the sunning and spraying tanks are in buildings made of rough boards, and are of 
little value. The works of the Acme Oil Company, at Titusville, Pennsylvania, built to replace those burned during 
the census year, appear to be built on a hillside from which fire has removed even the soil, and to be without a 
building or a covering of any description. 

TANKAGE.—The oil is received at the refineries either from pipe-lines or from the tank-cars of transportation 
companies, and in either case it is pumped into vast storage-tanks holding from 10,000 to 36,000 barrels each. The 
tank-cars are provided with gates or valves on the under side, to which hose may pe attaehed. and connections are 
made with a large pipe laid beneath the track, into which the oil rushes as soon as the gates areopened. This pipe 
discharges the oil into a tank, from which it is pumped to the storage-tanks. In these tanks from one to two per 
cent. of water settles, and from them the oil is pumped into the stills. 

STILts.—A great variety of stills are in use for different purposes, and the ereater the variety of products 
produced from the petroleum the greater will be the variety of stills in use as regards both size and form. In some 
establishments the old cast-iron, upright cylindrical still, with wrought-iron bottom, is still in use. To these have 
been added plain, horizontal wrought-iron cylinders of various sizes. One of these, as now quite generally used, is 
represented with the setting in the vertical section in Fig. 37, and a bank of three, as they are usually set, in Fig. 
38. From these sections it will be observed that they are 12 feet 6 inches in diameter and 30 feet in length. The 
vapors rise into a dome 3 feet in diameter, from which they pass to the condenser through a single pipe 15 inches 
in diameter. No more simple form of still could be devised. The so-called cheese-box still, now in great repute, 
is shown with the setting in horizontal and vertical section in Figs. 39 and 40. It is 30 feet in diameter and 9 
feet high, with a dome-shaped top, and works 1,200 barrels of crude oil. The bottom has a double curve, to allow 
of expansion; the sides are of five-sixteenths-inch wrought-iron and the bottom of five-sixteenths-inch steel, 
the whole inclosed in a sheet-iron jacket. The center is supported upon a cylindrical pier of brickwork, through 
which the products of combustion are led to the stack. The circumference is supported upon seventeen arches, in 
sixteen of which are fireplaces, the sides of which converge toward the center and discharge over a bridge-wall 
through four arches into the center of the pier just mentioned. Through the seventeenth arch passes the discharge- 
pipe from the bottom of the still. The vapors escape from this still through three pipes, two of which may be 
closed by cocks, into a sort of chest or drum (Fig. 41), from which 40 pipes 3 inches in diameter pass through to 
the condensing tanks. Steam is introduced into the heated vapors as they escape from both the cylindrical and 
cheese-box stills by placing a curved and perforated pipe of the form shown in Fig. 42 at the point where the vapors 
emerge from the still and enter the exit pipe. The use of steam in this manner is found to improve both the color 
and the odor, especially of “ cracked oils”. 

Several attempts have been made to produce continuous distillation; but I cannot learn that any of them have 
proved commercially successful, although an apparatus of the kind erected in Buffalo has been put in operation 
and distillates have been produced that were treated and sold. This apparatus was patented by Samuel Van 
Syckle, of Titusville, Pennsylvania, May 22, 1877, No. 191203. It consists of a series of stilis, in which the oil 
is maintained at a constant level by means of a tank, in which a float on the surface of the oil as it rises and falls 
automatically controls the flow. The first still is maintained at such a temperature that the naphthas and other 
light products are removed, and in the other two the illuminating oils are removed so effectually that residuum 
may be drawn off from the last still. I think this apparatus should be more thoroughly tested before its merits are 
finally judged, especially as to how far its value is modified by complexity and expense of manipulation. 

Another apparatus, evidently much more simple in construction than Van Syckle’s, but at the same time not 
calculated for handling the enormous quantities of oil refined in this country, has been patented in Germany by 
Herr Fuhst. (a) 

The deodorized lubricating oils, of which Mr. Joshua Merrill, of the Downer Kerosene Oil Company, was the 
inventor, have been prepared by him in a still of peculiar construction, especially adapted to the treatment of 
petroleum and kindred substances. An accident suggested the preparation of these oils to Mr. Merrill. In 
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November, 1867, the condenser to a still, in which a quantity of oil too heavy for illumination and too light for 
lubrication was being fractionated, became obstructed from some accidental cause, and the pressure became so 
great that the leakage caused the fires to be drawn and the whole thing to cool down. The still was started with 
900 gallons, from which 250 gallons was found to be removed by the partial distillation. On removing the remaining 
oil, Mr. Merrill was surprised to find it different from any petroleum product he had ever seen before. ‘It had a 
bright yellow color, was clear, very nearly odorless, neutral, and dense. Further experiment showed this result 
to have been obtained by the removal of all the light odorous hydrocarbons without decomposing either the 
distillate or the oils remaining in the still; and that this had been accomplished by the moderate fire employed, 
and its gradual withdrawal.” (a) 

This mode of operating was immediately applied to other distillations, and in order to accomplish the result 
most effectually Mr. Merrill invented a method of superheating steam within the body of the oil itself. Within 
a still of moderate size, holding perhaps 1,000 gallons, he placed a steam coil, which terminated upon the exterior 
of the dome of the still. After attaching a valve, the steam-pipe is returned into the still and a perforated coil of 
pipe connected with it, which lies flat upon the bottom. The still is heated by direct heat, and as the temperature 
rises the steam, as it passes through the first coil, is heated and is distributed through the entire mass of oil as it 
escapes from the perforations in the second coil. The steam is regarded by Mr. Merrill as an important adjunct in 
this method of fractional distillation, as it acts mechanically by carrying forward the vapors into the condenser, 
and also prevents the overheating and “ cracking” of either the oils or the vapors. 

When the destructive distillation of petroleum commenced on a large scale, the slow distillation necessary to 
effect this decomposition led to an increase in the size of the stills until the enormous capacity of 2,000 barrels, or 
80,000 gallons, was reached. ‘These immense stills were built without covering, were freely exposed upon their sides 
and tops to the elements, and were heated by numerous fires, placed at equal distances from each other upon the 
circumference of the still, after the manner of the setting of the cheese-box still. These excessively large stills are 
not now being used. Refineries lately put in operation are equipped with stills holding about 1,200 barrels each. 

Vacuum stills have been used to some extent, and have been ewployed especially in the United States by the 
Vacuum Oil Company, of Rochester, New York, in the preparation of the peculiar products of their manufacture. 
Of course the evaporation in these stills takes place rapidly and at the lowest temperature possible, insuring a 
fractional distillation, not a decomposition, of the oils. 

CONUDENSERS.—Large copper worms, similar to those used in distilleries, were at first used for petroleum stills. 
These were soon replaced by ordinary iron piping coiled in a cistern or tank of water, and still later very long, straight 
pipes were used with advantage inthe use of water for cooling. Refineries lately built are provided with condensers 
of moderate length, 50 by 20 by 8 feet, in which there are numerous separate pipes, which receive the vapors at one 
end and discharge the condensed oil at the other. A condenser thus constructed may consist of forty separate 
3-inch pipes, each 45 feet in length, giving an aggregate length of 1,800 feet, the oil and vapors, instead of all 
traversing the entire length of 1,800 feet, being divided into small portions, each of which is made to traverse the 45 
feet, and is condensed. The ratio of exposed surface to cubical content is very much increased by this arrangement 
over a shorter pipe of larger diameter. 

A very convenient arrangement for dividing distillates is shown in the section in Fig. 43. In this section a is 
the 2-inch pipe leading from the condenser, b is a pipe for uncondensed gases leading to the boiler furnace, ¢ is the 
trap for holding back the gas, @ is a wrought-iron box with a glass front 77, through which the flow of oil from the 
condenser can be observed. The glass front is on hinges, and can be opened for sampling the oils. From this box 
the oil passes into the pipes below, and is directed into one of the openings g, through which it enters the pipe hh, 
leading to the storage-tanks for distillate; e e are three-way cocks, and ff ordinary stop-cocks, by which the oil is 
directed to one of the six orifices g. By this arrangement, by simply opening or closing the cocks, the distillate can 
be directed to any one of six receptacles and be divided into as many different portions. 

AGITATORS.—The agitators used at first were small tanks lined with lead, in which various mechanical 
contrivances were used to effect the thorough mixing of the oil with the chemicals. These lead-lined tanks were 
replaced by wrought-iron ones, and finally the method of agitating by mevhanical means has been entirely 
superseded by agitation by means of injected air. The agitators in use in refineries lately constructed are high 
wrought-iron tanks of comparatively small diameter, holding several hundred barrels of oil,in which the most 
complete agitation is produced by a current of air injected by a blowing apparatus. 

Pumps.—The pumps used in refineries are many of them very powerful. Those used for pumping oil and water 
are of the Worthington or the Drake pattern, and consist of an engine and a pump combined. Some of these pumps 
are large enough to handle 2,500 barrels of crude oil an hour, but the majority are smaller. In addition, there are 
in use small blast-engines or air-pumps to force air into the agitators and into the acid-tanks. The latter are 
small lead-lined tanks, into which the acid is emptied from carboys or tank-cars. The acid is measured into the 
agitators by forcing it from the tank into the agitator under pressure of injected air. 

PACKING.—Manufactured oils of all kinds are distributed to wholesale houses all over the country in tank-cars, 
but for the jobbing and retail trade they are packed in barrels and in tin cans. The barrels used at present hold from 
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48 to 50 gallons, and manufactured oils are estimated at 50 gallons to the barrel. The tin cans contain 5 gallons each, 
and are packed in wooden cases, each of which holds two cans. In the larger establishments the packages are filled 
by weight, as the bulk of the oil varies with the temperature and specific gravity of the oil, as may be seen at a 
glance at the table accompanying this report (see page 112). The filling of the 5-gallon cans is carried on at a 
square, revolving table. Ten cans are closely ranged along one side of this table and brought beneath ten funnels, 
which deliver oil to the cans until their weight stops off the oil by tipping a balance and closing a stop-cock. The 
ten cans are then swung out by giving the table a quarter revolution. While these cans were being filled another 
ten cans were placed upon the adjoining side of the table, and when the first were swung from under the funnels 
the second were brought into their places. While the second ten cans are being filled a third set are being placed 
upon a third side of the table, and a nozzle, with a cap that screws on and off, is placed in position for soldering 
over the orifice through which the first ten cans were filled. The table is again swung, the third set of cans are 
brought into position, and are then filled; the second set are supplied with nozzles, while the nozzles of the first 
set are soldered on and the fourth side is supplied with ten cans. Another swing of the table, and the fourth set 
are filled, the third supplied with nozzles, the second soldered, and the first removed, and a fifth set is put in their 
places. Several thousand cans can be filled in this manner at one of these tables in a single day. 


SECTION 5.—DESCRIPTION OF AN ESTABLISHMENT IN WHICH THE PRODUCTS ARE GENERAL. 


The plant consists of storage-tanks for crude material; stills, heated by fire, steam, and superheated steam ; 
agitators ; chilling-house for paraftline ; boilers, engines, pumps; alaboratory; cooper and tin shop. ‘The crude oil is 
delivered in pipes or tank-cars to the general storage-tanks and allowed to settle. From one to two per cent. of water 
separates. (a) About 300 barrels (12,000 to 13,000 gallons) of this oil are placed in a still and “live steam”, 7. e., 
at 212° F., is admitted, and the distillation carried on until the distillate marks 60° B. With crude petroleum of 45° 
B. the amount of this distillate will be from 12 to 15 per cent., divided as follows: 


A. 
Per cent. 
1. Crude gasoline”, ‘to 80°; about... — 222.002. cc onea sa tee siecin eee eee se are sis le ea aie te tate eee $ 
2. “C” naphtha, 80° to 68°; ‘about! ..--2 2. :-U occa tee sem eter icete ciate Smee eee ate are er 10 
3.“ B” naphtha, 68° to 64°, about. 20... os. ewsicne\pocmseisceb ce tale wiclet settee siete == ates eet eens eee 2 to 24 
4, “A” naphtha, 64°'to 60°, about..- 5.2. 2. cooccs se Sees oe eee net ae es we Cemere ee te e ee e eee 2 to 3 


1 is redistilled by dry heat, and yields from 90° to 83° gasoline, which is not treated; 83° to 80° is returned to 
crude gasoline. 

2 is treated with 4 ounces of oil of vitriol to the gallon and washed with caustic soda, all cold, and then redistilled 
by steam from an alkali solution. Its average specific gravity is 70°, and it is known in the trade as benzine- 
naphtha. 

3 and 4 are also treated with acid and caustic soda. The average specific gravity of 3 is 65° to 66°, and of 4 
62°, 

There remains in the still from 88 to 85 per cent. below 60°. This is transferred to cylindrical cast-iron stills 
with meniscus-shaped wrought-iron bottoms and distilled by direct heat, with 2 per cent. of soda solution of 14°. 
The distillate is thus divided: ‘ 


Per cent. 
1. Crude burning oil, from 58° to 40°, abont. 2... 2.45. .c6 ccc eaee eerie eee ee ee ee 50 
2 ‘B” oil, from 40° to 36°, “about, S200... +20 eaebank doe poeeein pha e Seinen cote Eien ene ane eee oe 20 
3. From 36° downward, about \..2.05...42 22 sccacsc ccc Qauasum eeceee iree ene eee epee eee tee ee ee 25 
4, Cokings or residwum 2... v.22. sl esedelcoe bs ae acoe ain Penance ee ee te ee eee eee te 3 
5. L088... 22. cdi sae ccld st cslbw elena Sik Soule Gmelen cleUociehbm 5b aeetete a ee tener at aoe ee 2 
100 


1 is treated with 4 ounces of oil of vitriol to the gallon and is agitated for half an hour. It is then drawn off 
from the tarry residue, and after being washed with water is again agitated for an hour with 2 per cent. of alkali 
solution, and is then drawn off and next day washed with a large amount of water, pumped into a fire-still upon a 
solution of soda equal to 4 per cent. of 14°, and distilled as long as the color is good, the amount usually being 
about 80 per cent. This distillate is the equivalent of ‘ Downer’s standard kerosene”, and has a specific gravity of 
45° and a fire-test of 125° F. The remaining 20 per cent. is run above 36° to crude burning oil (B1), and below 
36° to ‘finished machinery oil” C, to chill and press for paraftine. 

2. “B” oil is distilled like 1 on soda lye. Of the distillate, above 36° goes to crude [; below 86° to the 
machinery oil C, to chill and press for paraftine. 





a As high as 13 per cent. of water has been obtained from residuum exported to England. It is not a legitimate mixture. C.N., 
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3 goes to crude lubricating oil, and is treated with 4 ounces of acid to the gallon upon water at 212° F. for one 
hour, and is then distilled from a 2 per cent. solution of soda lye. Of this distillate above 40° goes to crude B1, 
from 40° to 36° to B 2, from 36° downward, as long as the color is good, to machinery oil C, to chill and press for 
paraffine. 

4 goes to coking-tanks. 

C.—MACHINERY OIL, 36° AND DOWNWARD. 

This oil is twice distilled and chilled in barrels packed in an ice-house for a week with ice and salt at 26° F. 
The crystalline magma is pressed in an hydraulic press and yields: 

1. Crude scale paraffine (I). 

2. Pressed lubricating oil of a specific gravity of 32°, which is partly sold as “spindle oil”. 

3. The portion not sold as spindle oil is placed in a still provided with coils for distilling with steam superheated 
within the oilitself. This stillis heated with direct heat until the temperature has reached 250° or 300° F, Steam 
is then passed into a coil, which is immersed in the body of the oil, and is then allowed to escape into the oil 
through another coil, which is perforated, thus distributing the steam throughout the oil at the same temperature as 
the oil itself. Twenty to 30 per cent. of the lighter products, with all those having an offensive odor, ranging in 
specific gravity from 50° to 32°, are lifted from the still by the steam. Of this distillate, that between 50° and 40° 
goes to B 1, that between 40° and 32° to ‘crude mineral sperm” (D), and the oil left in the still is equivalent to 
“ Merrill’s deodorized neutral hydrocarbon oil”, with a specific gravity of 29°. To remove fluorescence chromic acid 


is used instead of oil of vitriol. 
D.—MINERAL SPERM ILLUMINATING OIL. 


This is the trade-mark of a dense oil of 36° specific gravity, deprived of offensive odor, and adapted especially 
for light-house and locomotive lights. Any erude distillate from 40° to 32° is first treated with 4 ounces of oil of 
vitriol to the gallon, then washed with a solution of caustic soda, and distilled by direct heat over soda lye. It 
has a fire-test of 300° FI’. and but little odor, with a density of 40° to 34°, averaging 36°. Below 34° goes to 
machinery oil (C), to chill and press for paraffine. 


E.—CRUDE-SCALE PARAFFINE. 

The pressed scale equals three-quarters of a pound per gallon of the crude 32° machinery oil from the chilled 
mass described in C. ‘To refine this the crude scale is melted in an open tank by live steam, blown in, with 1 per 
cent. of caustic soda lye, from which it is carefully drawn and then well mixed with 25 per cent. of ‘‘C” naphtha 
and put aside for three or four days in shallow metallic pans in a cold place. It is then again cut, bagged, and 
pressed. 

No. 1 paraffine stock is remelted in ‘*C” naphtha on alkaline lye, crystallized and pressed three successive 
times, and yields large crystals of paraffine, melting at 130° F. 

No. 2 paraffine stock is treated in the same way, furnishing a product of less value in smaller crystals, melting 
at about 116° F., and is largely used by chewing-gum manufacturers. The oils expressed go to crude ‘‘C” naphtha 


F.—COKINGS, SPECIFIC GRAVITY 28°. 
These are iedistilled over a 2 per cent. alkali solution, and furnish— 
20 per cent. above 40° goes to B 1. 
15 per cent. 40° to 36°, goes to B 2. 
50 per cent. 36° and downward, as long as the color is good, goes to C. 
10 per cent. cokings. 


5 per cent. loss. 
G.—SLUDGE (RESIDUES FROM WASHINGS). 


The waste ‘‘acid sludge”, 48° to 50°, is permitted to stand two days, and the oil rising upon it is drawn off 
(‘sludge acid oil”) and the acid disposed of. The sludge oil is then washed with the waste alkali and redistilled 
separately without fractions, yielding 80 per cent. of oil; coke and loss, 20 per cent. The coke is used as fuel, and 
the oil redistilled on alkali and fractioned as crude oil below 60°. 


H.—AVERAGE PERCENTAGE OF COMMERCIAL PRODUCTS OBTAINED FROM CRUDE PETROLEUM OF 45° FROM NEW 
YORK, PENNSYLVANIA, OHIO, OR WEST VIRGINIA. 


Per cent. 

RRO CCN eta at feo acts n mn o vin Salis caw t m9 nisin aigis wn Smee wh mo niiminini so mim) ieee gine nmi =<) seiginin# sion 1.0 to 1.5 
MOUS TAD MEU G os sia Pawn boc cme none mre ere n es tence din nnt seem ae see eanicmawns Basen cnecnscncedt ew emeces 10.0 to 10.0 
ee Ee LO LE ce sos ai geeemte hee ade CHa AE EER enc test epaes cae pa det 2.5 to 2.5 
COALS TR DIG A ee Nee ah ove omc w= coc w mans coe ens cent ens mans Sarees enaeen Hance ce ense t gens seaseancennn 2.0 to 2.5 
16.5 

RRUIPARIARIT ete ty cae gh ok ons shia bag Ven tema dae cap ves gael hades ah tacdea Ws cadens cae 50.0 to 54.0 
Lubricating Oi]. 22. - 252-2 - 2 nee cece nie nnn ce enn on ene cee ne one ese cee ninn coc es en eeen sececnsnccere Zee 
Paraffine wax = 44 pounds per barrel...--..--- ------ ------ 2-03 eee ne ce cee enn eee eee eens eee eee ee 2.0 
NURS on sete see cee as te enc c cans sceses se - a= alcos onclvin aces sacs sees scnwizewess|=seccnclscsc aneisey =~ - 10. 0 
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The oils prepared by this process are all of the highest degree of excellence, and have commanded the confidence 
of consumers both in the United States and in all other civilized countries to a remarkable degree. There are 
two essential particulars in this process as a whole to which I desire to call attention. All destructive distillation 
is avoided so far as is possible, and great care is taken to render the different products pure as regards each other, 
and also as regards the effects of treatment. The products are essentially paraffine products, using that word in a 
generic sense to designate not only the paraffine wax, but the whole series of compounds to which it is related, from 
marsh-gas upward. The finishing of the burning oil by distillation over caustic soda is claimed, and I believe 
justly, to remove all of the substitution compounds of sulphuric acid that are only completely removed even by 
solution of caustic alkali when the oil is heated to a temperature above the boiling point of water. (a) 


SECTION 6.—DESCRIPTION OF A MANUFACTORY WHERE NAPHTHAS, ILLUMINATING OILS, AND 
RESIDUUM ARE PRODUCED. 


The following description is given after an inspection of one of the most complete establishments in the country, 
lately constructed and furnished throughout with an equipment of the most improved apparatus: 

The oil is received in tank-cars, and an entire train is discharged at once into a 12-inch pipe, which runs the 
length of the siding between the rails and beneath the sleepers, connection being made with cocks underneath the 
car-tanks by union joints and hose. This 12-inch pipe discharges into a tank, from which the oil is pumped by a 
Drake steam-pump, handling 2,500 barrels an hour, which throws the oil either to the stills or to the storage-tanks, 
of which latter there are four, holding 35,000 barrels each. ‘The capacity of this pump is not required for the storing 
of oil, but for the filling of the stills, of which there are nine, holding 1,200 barrels each. Three of these stills are 
cheese-box stills, and six are plain cylinder stills, 30 feet by 12 feet 6 inches, the former being set in one group, and 
the latter on a bench, side by side, like a bench of boilers. These stills are all covered with sheet-iron jackets, but 
are not otherwise protected or covered in any manner. The condensers are made in the manner described on page 
163, with a large number of separate strands of pipe, which are immersed in a tank 50 by 20 by 8 feet. These strands 
enter a connecting pipe which emerges from the tank and enters a small building, where the discharge pipes from 
the nine stills are brought together side by side. Each discharge pipe terminates in a U-shaped gas-trap, and 
enters an iron box with a glass front, through which the flow of the oil from the pipe may be observed. The 
arrangement of the traps and the form of the boxes are shown in section in Fig. 43. The gas-pipés from the 
nine traps all connect with furnaces beneath the steam-boilers, where the gas, mixed with air, is burned after the 
manner of a Bunsen burner. The division of the distillates is effected by means of an arrangement of pipes and 
cocks shown in section in Fig. 43. Each of the nine boxes d (lig. 43) discharge through this set of pipes, by which 
the distillate may be divided into six different qualities. These six different pipes connect under ground with the 
distillate tanks, which they enter at the bottom, and are sealed by the contents of the tanks. These nine sets of 
boxes and pipes are placed in a small building, lighted at night by an electric light, placed upon a pole at some 
distance off on the outside. The petroleum is put into the stills, and the crude naphtha is run off. Then that portion 
of the petroleum is run off which is necessary to prepare the distillate for “high-test” oils having a fire test of from 
120° to 150°, as may be required, and these latter oils having been run off, the residue in the still is in a condition 
for “cracking”. The fires are then slacked, and the distillation is run more slowly, a large amount of permanent 
gases being disengaged and burned under the boilers. Until the process of cracking is commenced the amount of 
gas disengaged is inconsiderable, so small in amount as to be scarcely worth the trouble of burning; but after 
cracking commences the gas generated is nearly sufficient to supply the fuel necessary for the boilers. The 
distillates are pumped into the agitating tank, which stands by itself, supported on a massive base of timber. It 
is about 40 feet in height and 12 feet in diameter. Twelve hundred barrels of distillate and 6,600 pounds of oil of 
vitriol are placed in this tank. The carboys of oil of vitriol are emptied into an air-tight, lead-lined tank, which 
is closed, and air is forced into it until a sufficient quantity of acid has been driven by the pressure into the agitator. 
The agitation is then carried on by forcing air into the agitator under a pressure of from 5 to 7 pounds. The acid 
being drawn off, the oil is thoroughly washed with water, then with a solution of caustic soda, and lastly with water 
containing caustic ammonia, the treatment with ammonia being supposed to complete the removal of the compounds 
of sulphuric acid. The oil is discharged from the agitator into settling and bleaching tanks, 40 by 5 feet, having a 
capacity of about 1,200 barrels each, through a perforated pipe standing perpendicularly in the center. By this 
process, which is called “spraying”, the oils, particularly those that have been cracked, are brought up to * test” 
by the evaporation of the small percentage of very volatile oils that are combustible at a low temperature. These 
huge tanks are exposed beneath sky-lights, where the color of the oil is improved by the sunning, every particle 
of water or sediment settling at the bottom. From them the oil is pumped to storage-tanks in the barreling and 
canning house, where it is barreled in glued barrels or filled into 5-gallon cans, two of which are packed in a wooden 
case for shipment. From the packing-house the barrels and cases are put on board ships that lie at the adjoining . 














al have drawn largely for this description upon Dr. J. Lawrence Smith in his report on petroleum to the Philadelphia Centennial 
Exhibition. Rep. Judges of Group III. 
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piers. This is the simplest process for manufacturing petroleum, consisting only of a single distillation; and the 
methods employed in the different manufactories throughout the country are either substantially that just described, 
or a combination with more or less of the processes described in the preceding section, or one or more of the special 
methods to be described in the section which follows, 


SECTION 7.—MISCELLANEOUS PROCESSES. 


REFINING CRUDE NAPHTHA.—There are several firms whose business consists mainly in refining crude 
naphtha, the larger portion of it being divided into gasoline and C, B, and A naphthas. In 1866 Dr. Henry J. 
Bigelow, of Boston, requested Mr. Joshua Merrill, of the Downer Kerosene Oil Company, to prepare the most 
volatile fluid possible to be obtained from petroleum. Mr. Merrill redistilled gasoline by steam heat, and condensed 
the portions that came over first with a mixture of ice and salt, obtaining 10 per cent. of the gasoline, equal to 
one-tenth of 1 per cent. of the original petroleum, in the lightest of all known fluids, having a specific gravity of 
0.625 and a boiling point of 65° F. This fluid was named rhigolene by Dr. Digelow. Its evaporation at ordinary 
temperatures is so rapid that a temperature of 19° I’. below zero has been obtained by its use. Five or six 
hundred gallons have been prepared by the Downer company for use in surgical operations, but none was prepared 
by them during the census year. 

A similar material, called cymogen, has been prepared in a similar manner by other manufacturers, and has 
been used as the volatile fluid in ice-machines. 

The distillate separated as gasoline ranges in specific gravity from 90° to 80° B., and is used for the gas-machines 
that carburet air. 

“©” naphtha includes the distillate between 80° and 68° B., and is used for varnishes, sponge lamps, paint, and 
naphtha street lamps. It is sold under the name of “ benzine”. 

“ B” naphtha includes the distillate between 68° and 64° B., and is also used for varnishes and paints. 

‘“‘A ” naphtha includes the distillate between 64° and 60°, and is used in the manufacture of floor-cloths and 
patent leather. Below 60° goes to illuminating oil. 

Each of the different grades of naphtha is deprived wholly or in part of its disagreeable odor by being filtered 
through beds of gravel and wood or animal charcoal. 

‘*‘ MINERAL SPERM.”—This is an illuminating oil prepared originally by Mr. Joshua Merrill, of the Downer 
Kerosene Oil Company, and now chiefly manufactured by that company, and is obtained by partially cracking 
paraffine oils and fractionating the lighter from the heavier products in Merrill’s double-coil still or some similar 
contrivance. It has a fire test of 300° I’. and upward, is an illuminating agent of great power, and is as safe 
from ordinary combustion as sperm oil. This oil is used in manufacturing establishments and on ocean steamers, 
and is a very suitable material with which to light steamers and cars designed for the conveyance of passengers. 
The amount produced during the census year was 16,544 barrels. 

NEUTRAL LUBRICATING OILS.—These oils were also discovered by Mr. Merrill, as before described, and their 
superior quality soon led to their imitation and manufacture by other parties, although that gentleman protected 
his discoveries and invention by patent. Since the Downer company commenced the manufacture of these oils 
the general character of ail of the mineral lubricating oils in the market has been greatly improved. The paraffine 
oils manufactured prior to this discovery were dark in color and rank in odor, but Mr. Merrill produced oils odorless 
and tasteless. Five per cent. of sperm oil mixed with 95 per cent. of Merrill’s neutral oil could not be detected by 
either the odor or taste from pure sperm oil. An inspection of the tables representing the articles manufactured 
from petroleum during the census year will show that 79,465 barrels of paraftine oil are reported, all of which was 
greatly superior to the paraffine oil of 1865; of deodorized lubricating oils there were manufactured 70,415 barrels. 
These really superb oils are now being introduced into any manufactories by order of the insurance companies. 
The value of having a deodorized lubricating oil can be fully realized when it is stated that experiments have 
shown that when a heavy hydrocarbon containing so little as 1 or 2 per cent. of light offensive oil is employed in a 
warm apartment as a lubricator of machinery the entire atmosphere of the apartment will be impregnated by the 
pungent and disagreeable odors of these volatile products. Before the employment of these odorless oils this was 
a great inconvenience in factories. (@) 

Mr. Merrill prepares lubricating oils by subjecting an ordinary parafiine distillate, from which the paratline has 
been removed by chilling and pressing, to fractional distillation in his double-coiled still, but oils may be prepared 
that are similar, though not fully equal, to his in an ordinary still, provided care is taken not to crack them. 

FILTERED OILS.—A very superior quality of lubricating oil is prepared by reducing petroleum and filtering 
the reduced residue through beds of animal charcoal. The oil is reduced tu the proper degree of volatility and 
specific gravity and then filtered. These oils sustain a very high reputation, but precisely what relation they 
bear in quality to the neutral oils obtained by distillation and treatment I cannot state. 








a Loc. cit. Rep. of Judges of Group IL, p. 153. 
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VACUUM OILS AND RESIDUES.—Vacuum oils are also prepared in stills for a great variety of purposes. 
Those most dense and with highest boiling points are prepared for oiling the interior of steam cylinders; those 
less dense for journals; and a less dense oil is used extensively for oiling harness and harness leather. Very 
dense residues prepared in vacuum stills are filtered while hot and very fluid through beds of animal charcoal, 
the resulting product being an amber-colored material of the consistence of butter and nearly destitute of odor. 
These residues are largely used as unguents under the name of cosmoline, vaseline, petrolina, etc. The details of 
their manufacture are difficult to obtain, for the reason that the manufacturers are engaged in suits involving 
patent rights to peculiar processes of manufacture and peculiar apparatus for effecting the filtration, which 
necessarily must be carried on at a sufficiently high temperature to insure complete fluidity of the material. These 
preparations will be further noticed under the chapter devoted to petroleum in medicine. 

It is believed that but few, if any, general methods of any importance pursued in the manufacture of petroleum 
have been omitted in this chapter. It is a subject, however, embracing multitudinous details and carried on under 
conditions of great diversity, incident to the location of the business and the peculiar character of the crude oil 
used or the products which the manufacturer wishes to prepare. 


CHAPTER IV.—PARAFFINE. 


SECTION 1.—HISTORY. 


Wagner's Berichte for 1869, in an historical notice upon paraffine, says : 

The derztliche Intelligenzblatt, of Munich, contains the following notice: ‘The opinion universally held that the chemist Karl Freiherr 
von Reichenbach, who died in his eighty-first year, of old age, at Leipzig, January 19, 1869, was the first to investigate the paraffines, 
deserves the following corrections or amendments. In 1809 these bodies were observed by John Nep. Fuchs in Landshut in the petroleum . 
of Tegernsee, and in {819 Andrew Buchner, sr., produced them in a pure state from the oils. Buchner describes their peculiarities 
under the name of ‘mountain’ fats, whose identity with paraffine was established later (1835) by v. Kobell beyond doubt. Unqualified 
merit, however, belongs to Reichenbach as having first discovered paraffine in the products of the dry distillation of wood and other 
organic bodies.” Reichenbach remains the discoverer of paraffine notwithstanding the fact that, beside Fuchs and Buchner, Saussure 
and Mitscherlich investigated a fatty body found in certain petroleums and tars which after the discovery of paraffine proved to be 
identical with this body. In all of these conditions the discourse was upon paraffine as an educt, and not as a product. Technoiogy 
distinguishes the former from the latter through the name of Belmontin, He who first considered fossil paraffine can upon no condition 
lay claim to the honor of the discovery. In Moldau and in Galicia fossil paraftine has been used for centuries in making candles, as also on 
the Caspian sea and in the Caucasus, (a) 

It appears from this statement, which is in accord with numerous authorities, that fossil paraffine has been 
known in Europe from time immemorial, and also that paraffine, as a recognized constituent of certain bodies of 
organic origin, was discovered by Reichenbach in 1830, (b) and named by him from parwm and affinitas, indicating 
that paraffine is destitute of chemical affinity; in other words, that it is neutral, having neither acid nor alkatine 
properties. In the following year Christison, of Edinburgh, made known his discovery of paraffine in the petroleum 
of Rangoon. (c) He at first called it petroline, but after learning of Reichenbach’s discovery he admitted its 
identity with paraffine. In 1834, Gregory published an article on paraffine and eupion and their occurrence in 
petroleum, in which he says: 

It follows that there are some kinds of naphtha (petroleum) which contain paraffine and eupion, and are consequently the results of 
destructive distillation. (d) 

In 1835, Kobell independently mentions paraffine as a constituent of petroleum. (e) In 1833, Laurent showed 
that oil distilled from shale in the environs of Autun contained paraffine. (/) 

Although Reichenbach distilled coal in considerable quantities, and had at his disposal the resources of the 
immense establishment of ‘‘ mines, iron furnaces, machine-shops and chemical works, ete.,” on the estate of Count 
Salm at Blansko, Moravia, of which he was superintendent, he cannot be said to have produced paraffine on a 
commercially successful basis. This work was performed by Selligue, whose inventions formed the foundation 
upon which the technology of coal-oil and petroleum has been built. The following digest of the labors of Selligue 
is taken from the review of Dr. Antisell’s work on photogenic or hydrocarbon oils by Professor F. H. Storer: (9) 

In 1834 we find for the first time an article describing the process of Selligue, (hk) although it would appear from the statements of 
this chemist and of others that his attention had been directed to the subject of distilling bituminous shales several years earlier. 





a W. B., xv, 709, 1869. e Jour. f. Prak. Chem., v, 213. 
b Jour. fiir Chem. u. Phys. von Schweigger-Seidel, 1830, lix, 436. f Ann. de Chim. et de Phys., liv, 392. 
¢ Trans. Roy. Soc. of Edinburgh, xiii, 118; Repertory of Patent g Am. J. S., xxx,. 1860. 
Inventions, 1835 (N.8.), iii, 390. h Journal des Connaissances Usuelles, Dec., 1834, p. 285; Dingler, 
d Ibid,, xiii, 124; Ibid. (N. S.), iv, 109. lvi, 40. 
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* * * Tn 1834, 35, and 36 Selligue was principally occupied with his process for making water-gas.(a) * * * In the following 
year we again find Selligue before the academy, requesting that body to appoint a committee to examine the merits of his new system of 
gas-lighting ; his process of distilling bituminous shales on the great scale by means of apparatus, each one of which furnishes from 1,000 
to 1,400 pounds of crude oil per day—this being about 10 per cent. of the weight of the shale employed, and being almost all that exists 
in the raw material; also of his process of separating various products from the crude oil, some of which are applicable to the production 
of gas, others to ordinary purposes of illumination, and others to different uses in the arts. (b) This petition was referred to a committee 
of three, Thénard, D’Arcet, and Dumas, who reported in 1840.(c) * * * In 1838 Selligue obtained a new patent ‘for the employment 
of mineral oils for lighting”, (d) which, it should be observed, claims only to be an improvement upon that of Blum and Moneuse. * * * 

On the 27th of March, 1239, Selligue specifies certain additions and improvements to the preceding patent. In alluding to the use 
of his oils in the treatment of cutaneous diseases he speaks of the three large establishments for the distillation of bituminous shale which 
he has erected in the department of Saéne et Loire, and mentions the fact that the oil (erude) is furnished at the rate of about 2 cents (10 
centimes) per pound. (e) * * * The clearest of all Selligue’s specifications, however, is that of the patent granted him March 19, 1845, 
for the distillation of bituminous shales and sandstones. (f) After describing the various forms of apparatus used in distilling, into one 
of which superheated steam was introduced, he enumerates the products of distillation as follows: I. A white, almost odorless, very limpid 
mineral oil, somewhat goluble in alcohol, which may be used asa solvent, or for purposes of illumination in suitable lamps. II. A sparingly 
volatile mineral oil of specific gravity 0.84 to 0.87, of a light lemon color, perfectly limpid, almost odorless, never becoming rancid, and 
susceptible of being burned in ordinary lamps, of constant level (& réservoir supérieur), with double current of air, a slight modification 
of the form of the chimney and burner being alone necessary. This oil can also be mixed with the animal or vegetable oils. Oils thus 
prepared do not readily become rancid, nor do they congeal easily when subjected to cold. III. A fat mineral oil, liquid at the same 
temperature as olive oil. This oil contains a little paraffine; it is peculiarly adapted for lubricating macbinery, and has an advantage 
over olive and other vegetable oils, or neat’s-foot oil, in that it preserves its unctuosity when in contact with metals and does not dry up. 
It saponifies easily, and forms several compounds with ammonia. IV. From the oils I, II, and III I extract a red coloring matter which 
can be used in various arts. V. White crystalline paraffine, which needs but little treatment in order to be fit for making candles. This 
substance does not occur in very large proportion in the crude oil, and the proportion varies according to the different mineral substances 
upon which I operate. ‘There is but little of it in petroleum and in the oil obtained from bituminous limestone. I often leave a great 
part of the paraffine in the fat oil and in the grease, in order that these may be of superior quality. VI. Grease. This grease is superior 
to that of animals for lubricating machinery and for many other purposes, since it does not become rancid, aud remains unctuous when 
in contact with metals. VII. Perfectly black pitch—very ‘‘drying”—suitable for preserving wood, metals, ete. VIII. An alkaline soap 
obtained by treating the oils with alkalies. IX. Sulphate of ammonia. X. Manure prepared by mixing the ammoniacal liquor or the 
blood of animals with the crushed fixed residue (coke) of the shale. XI. Sulphate of alumina from the residue of the shale. In describing 
the methods of puritication proposed by Selligue we shall make no attempt to follow their various details, our limited space compelling 
us to content ourselves with only the broadest generalities. Selligue sets forth at length two methods: 

Ist. A cold treatment, which consists in agitating the oils with sulphuric, muriatic, or nitric acid. This agitation should be thorough, 
he says, and should be continued for a longer or shorter time, according to the nature and quantity of the matter treated. Here follows a 
description of his agitators. After several hours repose the oil may be decanted, except from muriatic acid, in which case more time and 
a larger amount of acid is required. After the oil has been thus separated from the deposit of tar, the acid remaining in it must be 
neutralized by means of an alkali. ‘f prefer,” says Selligue, ‘‘to employ the lye of soap-boilers marking 36° to 38°, since it is easy of 
application and produces a sure effect. I thus precipitate together the coloring matter and the tar, which would otherwise have remained in 
the oil. The oil is then decanted; if it is the first distillation of the crude oil, I do not allow the mixture to subside entirely, preferring to 
leave a portion of the alkali mixed with the oil and to distill off only three-fourths of the latter. * * * When the soda lye—in quantity 
slightly greater than is necessary to neutralize the acid—is added, the liquid must be agitated violently, in order that each particle of the 
oil may be brought in contact with the alkali; and this agitation must be continued until the color of the oil undergoes change. The oil 
becomes less odorous and less highly colored after each such ‘cold treatment’. After having been allowed to separate from the lye, the 
oil is decanted off; if it has not lost much of its color the process has been badly conducted. It must be stated that the oil must not be 
agitated several times with the alkali, for by so doing the dark color of the oil would be restored. * * * As for the residues of the 
soda treatment”, continues Selligue, ‘‘ they should be allowed to stand at rest during some days beneath a portion of oil, which will 
protect them from contact with the air. The clear lye at the bottom being then drawn off may be used for other operations, while the 
remainder is a soap containing excess of alkali. By adding to it a little grease a soap can be made, or by adding water grease may be 
separated. This grease is similar to that used for wagons.” 

2d. A warm treatment that follows the cold, and consists of « series of fractional distillations—special operations for the purification 
of the “light stuffs” being resorted to. For the details of these we must refer to the original specification of Selligue—a truly classical 
document—which should be read by every one interested in the manufacture of coal-oils (or petroleum). (g) * * * As for paraffine, 
Selligue obtained it by subjecting the oil to a low temperature, in order that this substance might crystallize. The mixed oil and parafiine 
was then thrown on fine metallic filters, through which the oil flowed while the paraffine was separated. Or one may separate the oil, he 
says, by imbibition, but this occasions a great loss of oil, and also requires more labor. 

These successive patents, extending over a period of about fifteen years, show not only that Selligue was a 
complete master of this department of technology, on the general principles of which but little improvement has 
since been made, but also that, pricr to 1845, this industry had become important and extensive in France. 

In England no commercial importance appears to have attached to the paraftine-oil industry until 1850, when 
James Young and his BER OCLALES; Messrs. Binney and Meldrum, established the extensive works at Baaeaie, from 











a See 7 patents in events Piateehon ee ~69. Of ieee Nien two are dated 1834, two 1835, aaa three 1836. For a description of 
his process of gas-making, see also Bul. he @ Encouragement, Oct., 1838, p. 396, or Dingler, 1xxi, 29. 

b Comptes-Rendus, 1838, vii, 897. 

¢ Ibid., x, 861, Dingler, 1xxvii, 137. 

d Brevets @ Invention, \xviii, 395. 

¢ Comptes-Rendus, ix, 140; Ann. der Pharmacie, v. Wohler u. Liebig, xxxii, 123. 

f Brevets (Invention (N. S.), loi du 5 Juillet, 1844, iv, 30. : 

g A tolerably accurate English translation of this important patent may be found in the specification of A. M. B. B. Du Buisson, 
1845, specification No. 10,726 of the English patent office. 
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the success of which has followed the Scotch paraffine and mineral-oil industry, which, in 1878, produced from 800,000 
tons of 2,000 pounds each of shale 30,000,000 gallons of crude oil. From 8,040,000 gallons of this oil was made: (a) 

















Value. 

500,000 gallons napath as. coa<iau «damm cleeeale aed mene ve «nhs winks veer east eae tee ATURE IS EA doa Ses eee $40, 000 
4,000, 000. gallons. burning: Oil ..-2-. .cseos ownaine =p skis ae one hh as na)< 225 nea eee aneeea eee Beara te cee ee se eee 320, 000 
1, 035, 000 gallons heavy: Oil) a5. 272s wa eewaen wes smpyee sao ea one ow aa oe Sate alee ae te ee ee ene 82, 000 
200, 000. gallons medium: O81). 22 <wvie mabe onike se aet Ge bear's drita nad 5 om ale eee ee tee ee eee dee eee 16, 000 
Parasiines. co). Se ce wis.o sos le sup en sty Saami et eee eee oe Slecel ee he orca ala) 2 ea ae aera ae eee eater er 62, COO 
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SEcTION 2.—SOURCES OF CRUDE PARAFFINE. 


Crude paraffine is found fossil in Galicia, Roumania, the Caucasus, the neighborhood of the Caspian sea, and 
in the Sanpete valley in Utah. In all of these localities, except the last, it is found in a formation that yields 
petroleum and also contains paraffine. Paraffine is also a constituent of a large majority of the different varieties 
of petroleum found upon the earth’s surface, and also of the asphaltums that occur in injected veins, such as albertite, 
grahamite, and the asphaltum of Cuba. As a product of destructive distillation paraffine is obtained from all kinds 
of bituminous coal, shales, lignite, peat, wood, and animal remains, provided the distillation is conducted at a 
sufficiently low temperature. 

The fossil parafiine or ozokerite of Galicia is principally obtained in Boryslaw and Stanislow in the Miocene of 
the foot-hills of the northern slope of the Carpathians; also at Slanik, in Moldavia, near mines of rock-salt and coal. 
In 1875 the amount produced in these two localities was about 44,000,000 pounds. The ‘‘ earth-wax” occurs partly 
in regular beds and partly in pockets, from which it is obtained in small pieces or masses of several hundred pounds 
weight. The beds containing the mineral are reached by shafts from 150 to 260 feet in depth, from which the 
exploitation is carried on by tunnels, as in ordinary mining. These shatts generally pass through gravel and bowlders 
from 25 to 30 feet, and then through blue loam and plastic clay. In this clay, at a usual depth of from 140 to 150 
feet, the ‘‘ earth-wax” is found in layers of from 1 foot to 3 feet thick, the purest being of a honey-yellow color, and 
of the hardness of common beeswax. Much of it, however, is in small pieces, which must be separated from the 
gangue, the smallest pieces being obtained by washing. The purer qualities, on being melted, yield a prime “ earth- 
wax”, which is manufactured into “ceresine.” The poorer varieties are dark-colored, some of it being soft, containing 
petroleum, and some of it being hard like asphaltum. These poorer qualities are used for the manufacture of paraffine. 
Rarely pieces are found which are very compact and as hard as gypsum, fusing above 100° C., and, like many 
specimens of petroleum, are dichroic—dark-green in reflected light and pure yellow in transmitted light. 

As stated above, the crude ozokerite is separated from the gangue by melting and worked into paraffine or ceresine. The ‘ trying” 
is effected either by direct fire or bysteam. In the former case, the ozokerite is placed in iron kettles about one and one-half meter in 
diameter by one meter in height, melted, drawn off, and the residue boiled with water, when all the ozokerite will rise to the surface of 
the water. In the latter case the melting is done by steam in the same manner as with paraffine or stearine, and needs no further 
description. The “tried” ozokerite is clarified by allowing it to settle for several hours and then poured into iron molds. It is shipped 
in this form, without any further packing, in pieces weighing from 50 to 60 kilograms (110 to 130 pounds). There are principally two 
kinds of commercial ozokerite, prime and second. Prime ‘‘ wax” ought to be as free as possible from earthy impurities, and in small, 
transparent, greenish-brown to yellow pieces; the lighter in color and the more transparent the better itis. ‘‘ Second wax” is dark 
brown, almost opaque, occasionally containing a great deal of earthy impurities, and is generally much softer than the prime. Both are 
used in the manufacture of either paraffine and illuminating oils or ceresine. The manufacture of paraffine from ozokerite is effected by 
distillation over direct fire from iron retorts with flat bottoms containing from 1,500 to 2,000 pounds. The product of the distillation 
are: (0) 
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The paraffine is pressed, treated with sulphuric acid and caustic soda, filtered through paper and fine animal charcoal, and made into 
candles. The naphtha is purified in the usual way, and the heavy oils are sometimes subjected to fractional distillation, but mostly 
shipped as such to Vienna. The manufacture of ‘‘ceresine” consists of the removal of the impurities from the “ earth-wax” by the aid 
of sulphuri¢ acid and animal charcoal; but only the best kinds of ozokerite are used. The different processes are kept secret, and are also 
protected by patents. In general the ozokerite is melted with concentrated sulphuric acid, and the residue from the manufacture of yellow 
prussiate pressed, treated again with prussiate residue and filtered. One hundred parts good prime ‘‘earth-wax” yield sixty to seventy 
parts white wax, which in its properties very closely resembles white beeswax, and is culled ‘‘ ceresine”. It is either further purified by 
repeated treatment with acid and prussiate residue, or colored with gamboge or alkanet, and thereby made to resemble common beeswax. 





a Hiibner’s Zeitschrift, 1879, 12; W. B., 1879, 1170. 
b This is manifestly a cracking process, and it isevidently a somewhat rude method of treating sucha valuable substance. Distillation 
by steam would be much better. 
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In the manufacture of ceresine only sulphurous acid and press residues are obtained, the former of which escapesinto the air, but might 
be utilized, thus reducing the cost considerably. The consumption of sulphuric acid in Boryslaw alone is said to amount to 2,200,000 
pounds a year. The prussiate residues are obtained from the lixiviation of the crude prussiate in Moravia. Comparatively only a smal} 
quantity of earth-wax is worked in Galicia, and is shipped principally to England, Moravia, and Vienna. The ceresine is exported in large 
quantities to Russia, where it is sold as beeswax, a little of which is melted with it in order to impart to it the characteristic odor. 
Good ceresine is hardly to be distinguished from beeswax. The best method is the following: 1. Ceresine is not as easily kneaded between 
the fingers and becomes brittle more readily than beeswax. This test is, however, doubtful if the sample is a mixture of the two. 2. 
Ceresine is scarcely attacked by warm concentrated sulphuric acid, whereas beeswax is completely destroyed by it. By this test the 
quantities of beeswax and ceresine can be determined in a mixture of both. In many cases ceresine can be employed in place of beeswax. 
It is sold at $32 to $40 per 100 kilogrammes (163 cents per pound) in Vienna, whereas the price of the commercial earth-wax varies 
from $10 to $12 per 100 kilogrammes (5 cents per pound). The whole exploitation of the ozokerite is in the hands of the Jewish 
population. (a) 

The ozokerite deposits of Utah have not yet been worked sufficiently to demonstrate their importance. The 
crude material is of about the consistence of paraffine, and is of a jet black color, and furnishes, when purified, a 
pure white paraffine. 

The question whether paraffine is or is not a constituent of petroleum has been widely discussed. I am not 
prepared to assert that crystallizable paraffine is a constituent. I have seen crystals of paraffine in petroleum 
that came from the wells of the Economites opposite Tidioute that I had no reason to suppose had ever been 
heated, or, in fact, manipulated in any manner, except to be put into barrels; yet I cannot positively assert that 
such was the case. Amorphous paraffine is certainly a constituent of many petroleums, and is readily obtained 
where petroleum is carefully distilled until the residue has the consistence of paste when cold. The amount of 
reduction necessary varies with the source of the petroleum used. A sample from the southeastern border of 
the Pennsylvania petroleum field was of an amber color, and of nearly the consistence of honey from suspended 
paraffine. The oil of the Bradford field is remarkable for the amount of paraffine it contains as compared with 
other oils of the Pennsylvania region. This peculiarity occasions a great deal of trouble with flowing wells, as 
the pipes become clogged with paraffine so completely as to stop the flow of oil. This is no doubt in part occasioned 
by the fractional condensation of the paraffine in consequence of the extremely low temperature produced by the 
rapid evaporation of the more volatile portion of the petroleum when it is relieved from the enormous pressure to 
which it is subjected in the rock. This extremely low temperature, which has been known to plug a well with ice 
and to produce ice under the sun of a hot summer’s day, evidently condenses the paraffines having the highest 
melting point, and allows those more fusible to remain dissolved in the oil.(b) As regards the practical working 
of petroleum, it is of little importance whether the paraffine is an educt or a product, for if the paraffine is not 
already a constituent of crude petroleum, the heat required for distillation develops it. The amount of paraffine, 
however, that any given sample of petroleum contains or will yield is a matter of the greatest importance if the 
erude oil is to be made into illuminating oils. The crude oils of Butler and Armstrong counties are much more 
valuable for that purpose than those of McKean county, because they contain more of the members of the paraffine 
series of the proper specific gravity for illuminating oils and less of the dense, heavy oils and solid paraffine that 
have to be cracked before they can be used for illumination. 

In 1849 a Mr. Reece obtained a patent for distilling paraffine from Irish peat, and works for its production 
were established near Ashby. While the method of treating the peat was entirely successful, the enterprise, on 
account of the small amount of material it was capable of yielding, was a commercial failure. It is proper to 
state here, however, that acetic acid and ammonia, as well as paraffine, were expected to be obtained in commercially 
valuable quantities. The following statement will give an idea of the proportion of these articles yielded by the 
peat. On the first distillation the peat yielded : 
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The watery matters and tar yielded: 
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a J. Grabowsky, Am. Chem., vii, 123. Hiibner’s Z., 1877, 83. 

b Various methods have been suggested for removing this paraffine from the pipes. It is only slightly soluble in benzine, and neither 
acids nor alkalies attack it, and other solvents are equally ineffectual. Metallic mercury has been used, which must act mechanically 
by its weight. A plan to burn it out of the pipes by supplying a stream of oxygen has been recommended, but what degree of success, 
if any, attended its use [ have not learned. The most common method pursued in the oil region is to pull up the pipes and blow out the 
plug of paraffine with steam. The pipes are often found plugged solid for hundreds of feet. 
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Fifty tons of peat yielded 125 pounds of paraffine, an amount too small to admit of a profitable enterprise. (a) 
The peat of Hanover yields more than 300 pounds of paraffine to 50 tons. 

J. J. Beitenlohner gives the following results of the manufacture of paratfine from peat-tar. The locality 
of the peat is not given, nor is the amount of tar yielded: 


By fractional distillation : ; Per cent. 
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The results of the purification of the paraffine with sulphuric acid and lye are: 


Per cent 
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The paraffine thus obtained is subjected to distillation, the result being: 
Per cent. 
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The paraftine is then refrigerated and pressed, and from it are obtained : 
Per cent. Per cent. 
in winter. in summer. 
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This paraffine is then digested in fuming sulphuric acid, but remains soft and unctuous. (b) The distillation 
evidently cracks it. 

In an elaborate research upon the products of the dry distillation of Rhenish shale and Saxony and Thuringian 
brown coal, H. Vohl gives the following table, showing the comparative value of shales, brown coal (lignite), and 






































peat as sources of parafline: (c) 
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* These ‘‘brown coals” are lignites, nearer peat than coal. 


a Frederick Field, J. S. A., xxii, 349, 411; Am. C., v, 169. b Jour. de VEclairage au Gas, 1872, No. 5, Am. C., ii, 315. c W. B., iii, 459. 
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The paraffine oil industry of Scotland has already been noticed. Its present success, notwithstanding the low 
price of petroleum products, is mainly due to the heavy oils and paraffine produced. While I cannot indorse all the 
claims that are made for Mr. Young as the first inventor, as the process which he patented corresponded to that 
used by Selligue many years before, there is no question that he deserves the credit of having placed the parattine 
industry on a solid commercial basis in Great Britain at a time when the discovery of petroleum in such vast 
quantities in Canada and the United States would seem to have rendered such an undertaking impossible. 

At the date (1860) at which petroleum was first an article of commercial importance, paraffine and paraffine oils 
were being produced in the United States and Great Britain from the so-called Boghead coal, albertite, and 
grahamite, together with several rich cannel coals. The deposits of the three minerals above mentioned have been 
worked out. The last establishment in the United States using anything but petroleum was the Union Coal and 
Oil Company, of Maysville, Kentucky, which was operated upon the rich cannel coal of Cannelton, West Virginia, on 
the Great Kanawha river. It ceased operations in 1867. The deposit of Boghead mineral was worked out in 1872, 
since which time the extensivé paraffine oil works of Scotland have been run on shale. On the continent of Europe, 
in Saxony, Thuringia, and Austria, an extensive and very valuable industry is conducted with shale and brown coal 
as the raw material. In the United States, beside our deposits of cannel and bituminous coals of enormous extent, 
we have thousands of square miles of shales that will furnish millions of barrels of distillate for use after our 200,000 
square miles of petroleum fields shall have been exhausted. 


SECTION 3.—PREPARATION OF PARAFFINE. 


The preparation of paraffine from petroleum has already been described on page 165, and the treatment of the 
crude oils distilled from shale or coal is substantially the same, with the exception that more sulphuric acid and more 
numerous distillations are employed. While crude shale oils and petroleum are very similar fluids, the shale oil is 
much more impure and more expensive torefine. Distillation and treatment with sulphuric acid and soda lye are, 
with some variation in the details, the methods upon which the technologist in paraffine must rely. The subsequent 
treatment of the crude paraffine scales is subject to considerable variation, and an article quite variable in its 
properties is the result. The ordinary method of purification consists in dissolving about 2,000 pounds of crude 
paraffine in 80 gallons of ‘‘C” naphtha by heat, refrigerating in shallow metal pans and pressing; but this method is 
attended with considerable loss of naphtha, and some danger from accidental ignition. To obviate this a process 
was invented for treating the paraffine cold, by which it was either pulverized and then dissolved in naphtha, 
or the cake and naphtha were ground together into a paste and then pressed. After this grinding and pressing has 
been repeated a sufficient number of times, the solid wax is melted in a still with steam blown in until no naphtha 
comes over with the condensed water. From 3 to 5 per cent. of animal charcoal is then added, and while the mass is 
kept melted the charcoal is allowed to settle. As the finest particles of charcoal remain diffused through the wax, 
the whole is filtered hot through a wire-gauge filter, which is lined with flannel and filter paper,: the filtrate 
passing as colorless as distilled water. (a) 

The use of these successive solutions in naphtha is to remove the fluid oils from which the paraffine first 
crystallizes, which are more readily soluble in the naphtha than the paraffine itself. Mr. John Fordred in 1871 
sought to accomplish the removal of these oils by kneading the paraffine with or in a slightly alkaline solution. 
After melting and clarifying a ton of paraffine and casting it into thin cakes of about ten pounds each, these 
cakes are placed in a bag, end to end, and warmed until they become plastic. The bag is then placed in a kneading 
machine, which is supplied with a solution of equal parts of soft soap and water at a temperature of about 100° F. 
On setting the machine in motion the oil and coloring matter are dissolved in the soap solution. Solutions of 
carbonated and caustic alkalies, both alone and mixed with soap, rosin soap, and even warm water its:If, are found 
to answer the purpose. (b) Another patent claims economy in operation and safety in the use of material. A tank 
12 by 6 by 24 feet is provided with partitions, which separate it into V-shaped cells, 24 inches wide at the top 
and 2 inches wide at the bottom. These cells are 1 inch apart, and start 9 inches from the top of the tank 
and stop 2 inches from the bottom. <A grating is provided, that rests upon the top of the cells, the bars of 
which are 14 inches apart. Free or closed steam-pipes are placed in the bottom of the tank, and water is filled in 
to a depth of 6 inches. Crude paraffine is filled into the cells and the grating secured to prevent its floating. Water 
is then run in until it rises to within two inches ofthe top of the tank, and steam is turned on until the temperature 
reaches within 10° of the melting point of the paraffine being treated, when it is turned off and the entire mass 
is allowed to become of a uniform temperature. Steam is then again turned on and the temperature very slowly 
(through atleast 4 hours) brought to within 2° of the melting point of the paraffine, when the soft portions that have 
risen are skimmed off. The water is then drawn off to the top of the cells and the paraffine is melted and allowed 
to cool slowly through the night, when the operation is repeated. This is continued until paraffine is obtained 
of the required hardness, ‘while the soft portions are returned to the crude paraffine. The hard paraffine is then 
melted with 7 per cent. of powdered commercial ivory-black in a steam-jacketed pan for four or five hours, until the 








a Patent of Ed. Meldrum, No. 1646, 1867. b Patent No. 1858, 1871. 
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whole of the ivory-black is precipitated, when it is drawn off and cast into cakes. (a) Another process requires the 
paraffine to be clarified by settling and being cast into cakes, which are allowed to cool very slowly, in order that the 
crystals may form of large size. The cakes are then placed on tiles or other absorbent material and heated nearly 
to their melting point. The fluid and easily fusible portions are melted and flow from the crystals and are absorbed 
by the tile. This process may be repeated as many times as may be desired, and the paraffine may then be bleached 
with bone charcoal or by any other means. (0b) 

By whatever method the parafline may be freed from the fluid ad the fusible impurities, it is not white, and is 
afterward subjected to a bleaching process. One method has already been described; another requires that the 
melted paraffine be agitated in a tank bya current of air with from 5 to 10 per cent. of strong sulphuric acid, care 
being taken to remove the sulphurous acid evolved by a suitable ventilating apparatus. This agitation is carried 
on for several hours, until the experience of the operator shows the treatment to be sufficient, when the tarry mass 
is allowed to subside through several hours. The still slightly-colored paraffine is then digested with animal 
charcoal, the last traces of which are removed by filtering through a steam-jacketed filter. The apparatus by which 
this filtration is performed is thus described by L. Ramdohr in Dingler’s Polytechnic Journal, 1875: 


After paraffine has passed through all other stages of the purifying process, it must finally be decolorized by means of charcoal. ‘The 
use of a permanent filter (eines stehenden) filled with granulated charcoal is not to be recommended for many reasons, 

The filtering process must take place at a temperature of not less than from 70° to 80°; the filter also must be heated with steam, 
which, on account of the large dimensions, would require incommodious and expensive apparatus. But particularly against the use of 
granulated charcoal stands the fact that a greater part of the paraffine is retained by the charcoal, which can only be partly collected 
again through burning of the coal, which always is united with a considerable amount of decomposition (products) of the parafiine. But 
paraffine is so valuable that its manufacture cannot sufier such a great loss in material. Consequently the decolorization of paraffiine 
takes place in a much simpler way with a fine, pulverized, and, where it is possible, freshly-heated charcoal, which usually becomes mixed 
with the paraffine by agitation with a wooden mixer, and the greater part of it thereupon very quickly settles to the bottom. 

The fine particles of coal, notwithstanding, remain suspended a long time in the fluid paraffine, and are even not entirely removed 
after a day’s rest, so that the paraffine must be completely cleared by filtration through paper. Paraffine that is not filtered is of a 
smutty gray color. In most of the paraffine manufactories I have found the arrangement of filter paper to be very primitive, and the 
mixing apparatus separated or divided by the filtering apparatus, so that a continuous scooping over of the parafiine to be filtered upon 
the filter and a continuous addition of the latter was necessary. Consequently, I give the following description of a mixing and filtering 
apparatus constructed by me, which I have used in two instances many years with the best results. 

This has the following peculiarities in its arrangement: 1. Themixing of the paraffine with bone-black does not take place by the hgnd 
or through a mechanical stirring contrivance, but through a warm current of air previously blown into the apparatus. 2. The paraffine 
treated with bone-black flows of itself into the filter paper placed in a glass funnel, and after the influx has once been regulated the 
control of the entire apparatus by the workman is scarcely anything at all. Even if at times less penetrable paper should accidentally 
be placed in the filter, this, from the attention on the part of the workman, cannot easily cause an overflow of the paraftine, while the 
greater or lesser penetrability of the paper is easily observable during the first half hour by the regulation of the inflowing stop-cock, 
and this must be considered by the workman. 3. The whole apparatus is heated by waste steam. 4. The mixing and filtering apparatus 
occupy little room, and, e. g., 25 hundred-weight of paraffine can be easily mixed and filtered in twenty-four hours. 

In Figs. 44 and 45 are illustrated: A. The mixing apparatus. B. The filtering apparatus. The steam first enters the filtering apparatus, 
and then passes through the mixing apparatus into the open air. 

The mixing apparatus A consists of a wrought-iron chest, with a turned cast-iron flange, covered with iron cement, in which are three 
openings for the admission of three cast-iron mixing-kettles. These kettles are fastened to the flange of the steam-chest by a few screws, in 
order to prevent any displacement which an insecurity of the discharging vessel would cause. The kettles, with the steam-chest, are 
rendered steam-tight Rae dampfdichte Abschluss des Kessels) in the simplest manner by a band of rubber placed beneath the rim of the 
kettle. 

About 75™™ above the deepest partsof the bottom of the kettle is cast a support 25™™ wide, of such alength that it, with its forward 
end provided with screws, projects through the tin face-plate of the steam-chest, perhaps 25™™ wide. At this point about 3™™ thickness 
of tin is strengthened by a disk fastened by sunken rivets and of 15™™ thickness, and provided with four bolt-holes for the reception of 
screw-tacks. From the outside a flange is tacked upon the end of the kettle support that is provided with screws, and by underlaying 
with hacked hemp and intimately mixed red-lead cement against the solidly-built face of the steam-chest is so placed that the four screw- 
holes in the flange correspond exactly with those of the opposite inner disk. After this flange is firmly drawn the end of the kettle support, 
which is plainly turned off or polished, shall project over the flange 2 to 3™™, Now, four screw-tacks, which are supported by a six-angled 
truss, are brought into four screw-holes, which are at Land to receive the same, and drawn firmly and steam-proof against the outer flange, 
and each kettle support is provided with a 25™™ wide cast-iron stop-cock. In the distribution of crude paraftine, and, above all, where 
prepared paraffine is to be filtered, this invention applies equally well, as it completely soaks through several layers of uniform unsized 
paper by the avoidance of all cements. 

It is recommended to provide the surfaces turned upon the lathe with fine circular grooves. In the lower portions ¢f the steam-chests 
lie six pieces of thinly-drawn crude copper plates (without soldered edges) which are contrived after the manner of the tubes of locomotive 
boilers, and are so joined outside of the chest by cast-iron knees that they form a long pipe or hose, heated by steam, in which the air to 
be used for the mixing of the charcoal and paraffineisheated. The exit of this pipe stands diagonally over the mixing boiler in combination 
with a running tube or siphon, which, through the middle of the boiler, reaches almost to the bottom of the same, being sent off from the 
copper pipe through a stop-cock in diminished size. It is self-evident that the main pipe for the warmed air from the steam-boiler is to be 
protected from cooling. 

The filter apparatus B consists first of two polished chests, partially within each other, with a common front wall. The latter also will 
not be touched by the steam, and this arrangement will rest or touch entirely upon the ground, in order, on this side, where the workman 
is busy for the most of the time, not to have a too strongly heated surface, and to make the real filtering apparatus as comfortably accessible 
as possible. Otherwise, were there here a double wall filled with steam, then certainly this must be protected from a too strong radiation 
of heat by a strong wall built in front 120™™ thick, and this would detract from the service of the filtering apparatus. Beside, the 








a Litchford and Nation’s patent, No. 890, 1872. b Hodges’ patent, No. 3241, 1871. 
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arrangement chosen insures a cheaper and simpler construction. Then the greater extent of surface can be made impermeable to melted 
and heated paraffine only with the most extraordinary difficulty (and perhaps not at all); but all loss of paraffine by incompactness or 
insecurity is to be particularly avoided, so the inner filtering chest to serve for the reception of paraffine must be made of cast-iron in one 
piece. . 
The attachment of the steam-jacket is simple and plainly shown in the drawing. The bottom of the cast-iron filtering chest is inclined 
toward the front, and at the same time from both sides toward the middle; at the deepest point there is an exit tube, with stop-cock for 
the drainage of the prepared paraffine. In the interior the filtering chest has a projecting brim of perhaps 50s breadth, which on the 
rear wall, and at the same time on both sides, serves for the formation of steam space. Upon this edge rest 8 pieces of wrought-iron filter 
supports, each of which is capable of receiving two glass filters; thus there are 16 filters arranged in rows always in operation. The funnels 
are made of glass, because it more easily preserves the absolutely necessary cleanliness than if they were made of white tin. One need 
not fear the destruction of the glass if there is the proper amount of foresight shown on the part of the workman. In about twelve years 
there were scarcely one or two broken by me. In the midst of the filtering chest, along its length and 50 to 60™™ above the glass funnels 
of the paraffine-distributing pipe, there is a pipe 40™™ wide, closed at both ends, communicating through three supports with the 
corresponding terminal stop-cocks of the mixing kettles, and connected to both sides with eight small cast-iron stop-cocks of 4™™ width 
attached to a wrought-iron pipe. The small stop-cocks are screwed on, and for this purpose small pieces of wrought-iron have been placed 
with hard solder in the proper places on the distributing pipe. 

The mouths of the small stop-cocks do not lie perpendicularly over the middle of the filter, but are nearly in the middle of a side, in 
order to prevent the perforation of the filter-point by droppings. The paper used for filtering is a thin, but tolerably firm, unsized 
pressed paper; it is broken after the manner of bent filters. A sheet 45 by 37™™ (one 40 by 40™™ would be more convenient) makes a 
a filter that will serve comfortably for the filtration of about a hundred-weight of paraffine. 

When working day and night I have always had the filtersrenewed after using twelve hours. The very little paraffine that remains 
in the paper is recovered. 

It is recommended to surround the warm, radiating surface of the mixing and filtering apparatus with a simple and appropriate non- 
conductor. This is attained by inclosing the apparatus, and only the front wall of the filter chest is provided with a wooden jacket for 
securing an isolated stratum of air. 

The covering of the apparatus is not shown in the illustration, in order not to interfere with its clearness; likewise the conveyance of 
the water which falls down from the steam in both apparatus (and which forms in the best of steam spaces) is not noted, since their 
position depends entirely upon local surroundings. 

Finally, a word concerning the restoration of fresh bone-black and the treatment of that which has been used. It is known that the 
fresher charcoal is the more energetically it acts. In very large paratfine factories it is used on this account to prepare it from the coal 
itself, and by use it settles. 

Comparatively speaking, very little can be restored with profit, as itis used even in the largest paraffine factories. In a business of 
less extent one will easily see from this that it is at least unprofitable to buy the powdered preparation of coal from the charcoal factories, 
because one receives with it in most cases smut and dust from the sifted granulated charcoal, and has not the slightest guarantee for the 
quality and freshness of the preparation. I have always, on this account, secured from a neighboring charcoal factory the small quantity 
of 100 kilograms of freshly prepared granulated and dust-free charcoal and allowed the pietes of coal to be immediately reduced to a fine 
powder for use in-a simply constructed pulverizing cylinder (in Figs. 46 and 47). Jf one has not a charcoal factory in the immediate 
vicinity, and has not the certainty of obtaining the granulated coal entirely fresh at all times, then it is well worth the while to buy the 
pieces of coai in larger quantities and to allow the same to be thoroughly heated in kettles again, previous to the use of the coal which 
has been just pulverized. 

The pulverizing cylinder (Figs. 46 and 47) is made of cast-iron (750™™ long and 500™™ in diameter) and revolves with riveted wrought- 
iron pegs in corresponding metallic holes in the facing ; in the surface of the jacket or cover there is an opening for filling and emptying 
made close with gum. The cylinder is revolved best in slow revolutions (at most but two turns per minute). Within the cylinder there 
lies another massive cast-iron cylinder 120™™ in diameter, with a length equal to that of the drum. In twelve hours an apparatus of this 
size will pulverize perhaps 25 kilograms in the finest manner. These dimensions can be considerably increased without disadvantage. 

The bone-black I have mostly used in quantity, not over 3 per cent. of the weight, and the parafiine retained by the same amounts to 
about the same weight. This silt from the powdered coal and paraffine is first heated together in a thick-walled kettle with return steam, 
whereby a greater part of the paraffine is separated into a clear liquid, which is scooped up with a shallow ladle and placed directly upon 
the filter paper. 

The silt which has become thin is put in a large iron kettle, in which it, with the least quantity of water (from six to eight parts), 
is thoroughly cooked out over an open fire and under an active stream of steam, which is used from time to time. By the cooling of the 
mass almost all of the paraftfine separates upon the top of the water as a firm but gray-colored layer, which is taken off, melted, and 
filtered through the paper with the other materials. A repeated boiling of the silt is seldom necessary, and this second operation almost 
never pays, because of the cost of the fuel in obtaining the paraffine. The powdered coal still so obstinately retains a very small percentage 
of the paraffine that this must be driven off by heating the coal, if the latter is to be again used as a decolorizer, or even if it is to be 
useful in the manufacture of acid phosphate of lime—superphosphate. 

With this view I cause it to be thoroughly heated in an inclined cast-iron retort of about 2™ to2™ long and 800™™ wide, and cross-cut 
almost elliptically, which is provided with an appropriate receiver for the condensation of the paraffine vapor. (This vapor never 
remains even at the lowest possible melting point of paraffine undecomposed, but yields paraffine of a low-melting point and oil as the 
product of decomposition). The paraffine that has been boiled out in shallow wrought-iron chests of perhaps 12™™ height and 1™ length, 
whose bottom conforms to the form of the retort, and both of whose sides have small and appropriate stop-cocks, is passed into the retort, 
and after the ensuing evaporation of all the paraffine (which is instantly known by the cooling of the discharge pipe of the retort) during 
the heating is left therein four to six hours long for the partial cooling. 

Then the cast-iron chests, of which two are placed behind each other in the retort, are taken out and immediately covered with an 
appropriate tin cover, which is everywhere made close by a covering of clay, and the heated coal-dust is left standing therein until it has 
become perfectly cooled. 

The taking out of the retort, the putting on and sealing of the cover, must take place as quickly as possible, in order to prevent the 
partial reduction of the coal to ashes. (a) 








a Dingler, ecxvi, 244. 
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Powdered fuller’s-earth, marl, clay, or any similar substance, mixed with melted paraffine and allowed to subside, 
will deprive it of color, and the paraffine adhering to the subsided particles may be separated by heating with steam 
and agitation.(a) The successful use of these natural, insoluble silicates led to experiments upon the use of 
artificial silicates of the alkaline earths. For this purpose silicate of magnesia was found to answer all requirements 
best. This material is formed by the reaction of solutions of sulphate of magnesia and silicate of soda, the resulting 
silicate of magnesia being thoroughly washed and dried by steam heat. It is then added to the melted paraffine, 
and after it has subsided and the paraffine has been drawn off the residue is treated with dilute sulphuric acid. 
When the paraffine separates and rises to the surface the silica is precipitated, and the solution of sulphate of 
magnesia lies between them. The paraffine is removed, the solution of sulphate of magnesia is washed from the 
silica, and the silica is dissolved in caustic soda. It will thus be seen that the material is continually renewed with 
the addition of sulphuric acid and caustic soda. (b) Itis found in using these silicates, whether natural or artificial, 
that a red heat destroys their action, and also that they must be used at such a temperature that the water of 
hydration is expelled, the coloring matter apparently taking its place. Hence, if the silicate is applied at a 
temperature only a few degrees above the melting point of the paraffine, it will have no action upon it until the 
temperature has been raised above that sufficient to expel the water. (c) 

Another method which has been suggested for the removal of the oils from the soft paraffines consists in 
melting them with from 5 to 10 per cent. of oleine and cooling and pressing. Paraffine is insoluble in oleine. The 
mineral oils dissolved in oleine are separated from it by distiJlation, the former distilling at 220°C. and the latter 
at 280° C.(d) Bisulphide of carbon has also been used for this purpose. (e) 

Although great efforts are made by all manufacturers of paraffine to prepare the wax of a beautiful pearly 
whiteness, it is a well-known fact, particularly among the manufacturers of continental Europe, that this freedom 
from color is not permanent for a long period. It is probable that paraffine obtained through the careful distillation 
of petroleum is purer and less liable to change than that made from distillation of shale or brown coal. Paraffine is 
often colored for candles and other purposes. As the beautiful colors produced from aniline are insoluble in. 
paraffine, they are first dissolved in stearine, and the stearine is then melted into the paraffine; the color can be 
recovered, however, by melting the mixture and passing it through a filter. Two per cent. of stearine will give a clear 
pink color, and 5 per cent. a fullcrimson. Blue may be obtained with indigo, red with logwood, green with the two 
mixed and also with indigo and saffron, orange with logwood and saftron, and yellow with saffron. These colors may 
be readily incorporated with the mass by grinding a small piece of the paraffine with the color and then working it 
into the mass while hot.(f) To color paraffine black it is recommended that the wax be digested with the fruit of 
the Anacardium orientale, which contains a black fluid vegetable fat that combines with the paraffine and does not 
injure its illuminating properties. 


SECTION 4.—PROPERTIES OF PARAFFINE. 


Crude fossil paraffine from Galicia is brown, greenish, or yellow, translucent at the angles, with a resinous 
fracture. It is usually brittle, and when softened can be kneaded like wax, becoming dark on exposure to air. 
It becomes negatively electric and exhales an aromatic odor with friction. It melts at 66° C. (149° F.), but its 
illuminating power is such that 754 ozokerite candles equal 891 of ordinary paraftiine, or 1,150 of wax. In 1871 Mr. 
John Galletly examined a paraffine from Boghead coal which melted at 80°C. and had a boiling point near the red 
heat, and which therefore presented great difficulties in the way of determining its vapor density. Distillation 
appeared to convert about half of it into liquid hydrocarbons, but the portion that remained solid after crystallization 
from naphtha retained its melting point unaltered. This specimen followed the general rule that paraffines from 
different sources diminish in solubility as the temperature increases at which they melt. The following illustrates 
this point: 











Solubility in 100 
Melting point. c.c. of benzole 
at 18° C. | 
| 
Deg. O. Grams. 
35. 0 | 133. 0 
49. 6 6.0 
52. 8 4.7 
65.5 1.4 
| 80. 0 | 0.1 











a Fordred, Lamb & Sterry’s patent, No. 610, 1868. 

b Smith & Field’s patent. 

e Frederick Field: On the Parafine Industry, J. 8. A., xxii, 349; Am. Chem., v, 169. 
d P. Wagerman, Poly. C. B1., 1859, 75. 

e E. Allan, Dingler, cxlviii, 317; Poly. C. Bl., 1858, 1033. 

f Eng. Mech., xxiii, 259. 
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Although only one part of the parafiine melting at 80°, dissolved in 1,000 of benzole at 18° C., it mixes with 
it in all proportions above its melting point. The densities of paraffines appear to increase with their melting points, 
but with specimens having the same melting points it is somewhat difficult to obtain the same results. 

The following are numbers obtained with paraffines from Boghead coal: (a) 





‘ eau 
Melting point. | Specific gravity. 











Deg. C. | 
32.0 0. 8236 
39. 0 | 0. 8480 
40.5 0. 8520 
53.3 | 0. 9110 
53.3 | 0. 9090 
58. 0 | 0. 9243 
59.0 0. 9248 ° 
80. 0 | 0. 9400 





In 1878 HE. Sauerlandt examined the relation of the melting point to the specific gravity of parafiines from 
ozokerite with the following results: (0) 








Melting point. Specific gravity. 
Deg. C. 
56 0. 912 
61 0. 922 
67 0. 927 
72 0. 935 
76 0. 939 
82 | 0. 943 














Sauerlandt separated his paraffines by using solvents. 

Sulphurie acid attacks all the paraftines, provided the temperature is sufficiently high. It is further obsq@ ved 
that this acid more readily attacks the paraffines with high boiling points than those the boiling points of which 
are lower. The carbon separated from the paraffine melting at 80° C. by the action of sulphuric acid is in so fine 
a state of division as to pass through filter paper. Chlorine and nitric acid both produce substitution compounds 
with many specimens of paraffine, but the products are by no means uniform. (¢) 

It is not an infrequent occurrence to find samples of paraffine mixed with stearic acid and stearic acid 
containing peraffine. As these mixtures are made legitimately, and also for purposes of adulteration, it therefore 
becomes necessary to determine their constituents. Any attempt to determine the constituents of such a mixture 
by determining the density would of course be futile, as the density of neither parafiine nor stearic acid is constant. 
kk. Wagner has proposed the following method, which may be used either qualitatively or quantitatively: Not less 
than 5 grams of the mixture are taken and treated with a warm solution of hydrate of potash, which must not be 
too concentrated. A soap is formed with the stearic acid, while the paraffine remains unaltered. Salt is then added 
until the soap separates as a soda soap and takes down the paraffine with it. The soap is thrown on a filter and 
is washed with cold water or very dilute ethylic alcohol. The salt is first washed out, and then the soa), finally 
leaving the paraffine on the filter, which is dried at a temperature below 35° C., care being taken not to fuse it. 
The paraffine is then carefully dissolved from the filter with ether by repeated washings and the solution carctully 
evaporated in a weighed porcelain crucible in the water-bath at a low temperature. The residue, consisting of 
parafiine, is then weighed, and the stearic acid estimated by difference. (d) 

E. Donath saponifies the mixture with potassa and precipitates with calcium chloride. The calcium soap is 
washed on a filter with hot water and dried at 100° C. Part of it, after powdering, is extracted with petioleuin 
ether, the extract evaporated at 100° and weighed, when the residue represents the paraffine. (e) 

The most approved method of determining the melting point of paraffine consists in throwing a chip of 
paraffine on hot water and allowing it to melt. Then the water is slowly cooled, and the temperature is noted at 
which the globule of paraffine loses its transparency. 

It has been found impossible in the amount of time that I have been able to devote to’ this portion of the 
subject to call attention to all of the great number of specific investigations that have been made upon parafiine, 
and the difficulty of attempting an exhaustive discussion of the subject is increased by the obscurity of the 
nomenclature. Paraffine in the United States and in the languages of continental Europe is used to signify the 
solid hydrocarbons obtained in distillates made at low temperatures, but in England the word has been given a 





a Chemical News, xxiv, 187. d Ibid., xxvii, 16. 7 
b Hiibnen’s Zeitschrift, 1878, 81; Dingler, ecxxxi, 383. e Dingler, ecviii, No. 2, Am. Chem., iv, 196. 
o Chemical News, xxiv, 187. 
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much wider signification, it having been applied to all of the fluid products of such distillation belonging to the 
marsh-gas series (C,H2,,2). It appears to me probable, however, that among the solid products to which this. 
name is applied there are to be found the higher members of the series C,H», as well as the series C,H», 42, the 
original substance to which Reichenbach gave this name belonging to the latter series. Among other facts which 
lend strong support to this opinion is the readiness with which some of the paraffines are attacked by reagents, 
forming substitution compounds, while others are, true to their name, nearly destitute of affinity. A. G. Pouchet 
acted on paraffine with fuming nitric acid and obtained an acid which he called paraffinic acid. Analysis of this. 
acid, and also of its salts, showed its composition to be C.,HiO,, which indicated that the paraffine had a 
composition C,,Hs. (a) The proof seems equally convincing that the paraffine melting at 80° C. examined by 
Galletly belonged to the series C,H,,. It is therefore to be concluded that the opinion advanced as long ago as. 
1856 by Philipuzzi, that commercial paraffine may be separated into a number of bodies differing in boiling points, 
is correct, and that definite knowledge regarding the constitution of paraffines from different sources awaits further 


investigation. Z 





CHapTtER V.—SUBJECTS OF INTEREST IN CONNECTION WITH THE 
TECHNOLOGY OF PETROLEUM., 


SECTION 1.—*CRACKING.” 


The importance of that reaction which has been technically termed ‘ cracking” scarcely admits of exaggeration. 
To assert that itis essentially destructive distillation, and that the results of its action are oils of decreased density, 
the decrease dependent upon the extent to which it obtains action, explains neither the nature of the reaction nor 
the importance of its effects. In the elaborate report upon petroleum made by Dr. J. Lawrence Smith to the 
judges of the Centennial Exposition he claims that the phenomena attending the destructive distillation of petroleum 
were first observed by Professor B. Silliman, jr., and noted by him in his famous report of 1855.(b) Professor Silliman 
Says: ' 

The uncertainty of the boiling points indicates that the products obtained at the temperatures named above were still mixtures of 
others, and the question forces itself upon us whether these several oils are to be regarded as educts (i. e., bodies previously existing 
and simply separated by the process of distillation), or whether they are not rather produced by the heat and chemical change in the 
process of distillation. The continued application of an elevated temperature alone is sufficient to effect changes in the constitution of 
many organic products evolving new bodies not before existing in the original substance. 

When consideration is had of the knowledge possessed by chemists concerning petroleum and similar substances 
at the time Professor Silliman made this unique and original investigation the above paragraph is properly regarded 
as remarkably sagacious and suggestive. No one in 1855 knew whether native petroleum was a homogeneous 
fluid decomposed by distillation, as are fixed oils, or a mixture of a great number of fluids separated by distillation, 
as it really is. Professor Silliman’s question remained unanswered until Pelouze and Cahours, and later Warren 
and Storer, attempted to ascertain what manner of substance petroleum really is. Warren and Storer published 
their results in 1865, (c) and showed that they had succeeded in isolating, in a state of purity, portions of the members. 
of three homologous series of hydrocarbons. Two of these series were isomeric, but the boiling points of the 
corresponding members of the two groups were about 8° C. apart. Professor J. D. Dana has regarded these 
hydrocarbons as educts, and has placed them in his system of mineralogy in their proper place as natural, not 
artificial substances. The fact that they have been isolated in such a degree of purity that considerable quantities: 
have been obtained having a constant boiling point, a constant chemical composition, and furnishing accurate 
results on the determination of their vapor densities, furnishes all the testimony that chemists can reasonably ask 
regarding the questién whether they are educts or products. The analogy found to obtain between these constituents: 
of petroleum and those of the distillates from albertite, Boghead mineral, cannel coal, and lime soap made from 
menhaden oil has been considered by some chemists to indicate that, whereas the constituents of these distillates. 
are the constituents of products of destructive distillation, petroleum must be destructively distilled in order to 
furnish them. Might not these unquestioned facts be so interpreted as to regard petroleum itself as a product of 
destructive distillation, and the similarity of these fractional distillates be also regarded as an additional proof 
that all of these products of a similar process, acting on similar materials, are very complex mixtures of compounds 





a C. R., lxxix, 320; J.C. 8., xxviii, 50. b Am, Chem., ii, 18. c Mem. A. A. (N. 8,), ix, 185; see also page 54, 
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of carbon and hydrogen that are related to the petroleum as educts, and not as products? I think all of the phenomena 
connected with this subject are most satisfactorily explained upon this hypothesis. 

I quote the following paragraph from the paper read by A. Bourgougnon at the meeting of the American 
Chemical Society, held September 7, 1876: (a) 


During the distillation the products are more and more heavy until the heat produced decomposes the oil in the still; then the oil is 
dissociated, and by this dissociation, or “cracking”, lighter and also more inflammable products are obtained. At the same time this 
decomposition is accompanied by a formation of carbon, which is deposited in the still, and gases of a very offensive odor pass off with 
the oil. 

This is the first instance that has come under my notice in which this very proper term (dissociation) is applied 
to this reaction. The phenomena of dissociation are constantly observed throughout the entire range of technical 
and scientific operations. Even marsh-gas, by a sufficiently high temperature, is resolved into hydrogen and the 
carbon of the gas retorts; the coal is resolved by dissociation, at a red heat, mainly into marsh-gas, coal-tar, and 
coke; at a less elevated temperature into those hydrocarbons homologous with marsh-gas, ranging through all of 
the paraffine series from marsh-gas to solid paraffine wax, leaving a residue of coke. At the temperature required 
for this last operation a’small percentage of another series of hydrocarbons homologous with ethylene appears, but 
none of the benzole series that characterize coal-tar. “It has been observed that the schistoils of Buxiére-la-grue 
and of Cordesn do not contain benzole and naphthaline, because the distiller purposely works at too low a 
temperature”. (b) 

Antisell, in Photogenic Oils, page 45, says: 

The tendency of destructive distillation is to produce compounds possessing more simplicity of composition than the original 
substance, and capable of sustaining the higher temperatures at which they form unaltered; so that, under the range of temperature 
indicated (300° to 2732° F.), liquids will be formed when the temperature is least, as at the commencement, and gases when the heat has 
arisen to the high point set down; and as in the lower ranges, where liquids are produced, the effect of this augmented heat within this 
lower range is to lessen the complexity of the compound by dropping or reducing its amount of carbon or of hydrogen, it is at the very 
lowest temperatures that the liquids containing the highest number of atoms of carbon and hydrogen will be found; and when the 


temperature arises to that essential to the formation of gas, this gas (a carbide of hydrogen) is produced at the expense of the complex 
liquids formed at first, which give off some carbide of hydrogen, and thus have their proportions simplified. 


If then, as has been assumed in these pages, petroleum is the product of the destructive distillation of pyroschists 
at the lowest temperature possible, it naturally follows that the paraffine series, from marsh-gas up to solid paraffine, 
would form the bulk of the educts of petroleum. This opinion is confirmed by all that is known either by 
technologists or chemists concerning the proximate principles that are the normal constituents of the Paleozoic 
petroleums found on the western slope of the Alleghanies ; and it is doubtless to this fact that they owe in large part 
their great superiority over the petroleums of other localities, because the paraffine series of compounds contain 
the largest proportion of hydrogen as compared with the carbon of any series known to chemists. 

Now, when these compounds of the paraffine group are subjected to temperatures above their boiling points, 
they are dissociated, and the researches of Thorpe and Young upon the distillates of paraffine wax under pressure 
have shown that they are not decomposed into the lower members of the same series, but into the olefine series, 
the proportion of the paraffine series being comparatively small. The significance of this discovery lies in the 
fact that the olefines contain less hydrogen in proportion to the carbon than the paraffine group, and in combustion 
produce a less brilliant and luminous flame; hence it is to be inferred that while “cracking” will convert a large 
' percentage of petroleum into illuminating oil, the oil will be inferior in quality just in proportion as it consists of 
cracked oils. The statement that has been made that the present process of manufacture ‘ takes the heart out 
of the petroleum” for high test-oils and leaves an inferior residue for the ordinary 110° oil is not without some 
foundation in fact; but it is not true as a general statement, for the amount of material existing in ordinary 
petroleum suitable for the production of high test-oil is estimated at 10 per cent., while the whole amount of 
illuminating oil is about 70 per cent. Manifestly, then, the manipulation of the petroleum is a matter of great 
importance to the consumer of these oils. The manufacturers of reduced petroleum and of high test-oils prepare a 
strictly paraffine oil from the educts of the petroleum, and convert the remainder either into an 110° oil by “cracking” 
or into paraffine oils and wax by careful fractional condensation. The 110° oil produced by cracking alone would 
be much inferior to the same grade of oil produced in an establishment where the bulk of the petroleum was 
converted into an oil that consists of both educts and products of the distillation. 

Illuminating oils are classed and sold as ‘‘Water White”, “‘Standard,” and “Prime”, according to their color. 
The oils belonging to the paraffine series are neutral, inert oils, not readily acted upon by chemical reagents, and 
not readily forming substitution compounds. Sulphuric acid removes from such oils the small percentage of 
unstable oils which they contain and leaves them colorless and limpid or “‘ Water White”. With the standard and 
prime oils, consisting largely of “cracked” oils, the case is wholly different, as they contain members of the 
olefine group which form substitution compounds with sulphuric acid with great readiness. These compounds are 
not readily destroyed by solutions of caustic alkali, and therefore remain in the oil. These oils blacken when 
heated to 200° F., and discharge sulphurous acid (SO,). When burned, they cause the wick to coat and discharge 











a Am. Chem., vii, 81. b Chemical News, xxviii, 22. 
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sulphurous acid with the products of combustion. This is abundantly demonstrated by the researches of the 
German chemist, J. Biel, (4) in which he compared oils manufactured from Russian and American petroleum with 
results shown in the following table: 
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Astral ie /0 To ee a 0. 783 5 48 51 2.20 87. 80 10.0 | 7 4. 50 3. 00 1.36 
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Rhvsleg BOR ee ee eee aes 0. 822 45 30 35 12. 80 78. 30 8.4 7 5.70 3.20 1.65 
Rovaian GABA Sa ee Ae 0. 821 95 25 26 15.25 71. 25 18.5 | 7 | esscensealsceteneetfeapeeeeeae 

















I presume the Imperial oil is an oil manufactured in Germany from crude American petroleum. A comparison 
of these results shows the great superiority of the Astral and Imperial oils over the Standard. (b) 

Because these oils, cracked by one distillation and necessarily imperfectly cracked and finished by treatment, 
are of inferior quality, it is not, however, to be concluded that cracked oils cannot be made of superior grade. 
The earliest practical application of destructive distillation to the manufacture of illuminating oil was made by the 
late Luther Atwood, of Boston, Massachusetts. He patented the product and apparatus for obtaining it in 1859, 
and the process was placed in operation by Mr. Joshua Merrill, of the Downer Kerosene Oil Company, before 
petroleum became an article of commerce. Mr. Merrill treated thousands of barrels of heavy oil, purchased 
from those who could not work them often at as low a price as 10 cents a gallon, and cracked them into burning 
oil of 45°, which, at that time, was readily sold at from 90 cents to $1 40 per gallon. The Downer company have 
worked this process ever since and have made more or less cracked oil, but they work at low temperatures with 
steam, and have never made their burning oil with one distillation. Their oils are highly finished products, and the 
very high reputation that they have always borne is a sufficient guarantee of their excellence. There is really 
upon the market a great variety of illuminating oils prepared from petroleum, some of which at double the price 
are cheaper than others, without regard to either their appearance or their safety. 

An experiment was made in Boston some years since, which, while without results of practical value, confirmed 
the views stated above. It was assumed that by cracking naphtha permanent gases would be obtained, and the 
attempt was made to convert the naphtha into a mixture of marsh-gas and hydrogen by injecting steam into a 
vessel filled with the volatile liquid. The result was so far successful as to produce a considerable amount of 
permanent gases, and on evaporating the naphtha remaining a residue of heavy lubricating oil was obtained. (ce) 

Paraftine oil has been frequently converted into illuminating gas by allowing it to drip upon red-hot coke and 
by other similar processes. An analysis of such a gas in one instance showed it to consist of— 


Per cent. 
CHy, marsh-gass i. 220 c= 5 Japa te Sig bee afm eaye nica onion = 5.012 '5o)ol beta miele asin is peain eats aes et ie 
CoH; ethylone.2 fi. ics seen ae cesceinscmiees tetas ach ckew ee oaciaym cee dcininte oes eye i< Seles stele eet alee eae ae eee ee 
H, hydrogen. 2 oo. Ai aoe ne ate th te SRE Rep oe enc koe owen Souce mow eee 5 ab esas ala sate ale See eee ee 
CO, ‘carbonic oxide: ees r a tae tele sean ectsics vcieie.an: Saws se eicnt de cla emi me aie ininis = oyaae oie ee ore eee ates ete ne 
CO,} ‘carboniciacid :.'0.'22 os asia Sete ee ein einige Sac leis wc Siao.c etle/ toa fats = pees beta eaa tiie oe ate tat mee ee oe 


The presence of ethylene in such large proportion with free hydrogen indicates that at a lower temperature the 
homologues of that gas would probably be found in still larger proportion. (d@) 


SECTION 2.—“ TREATMENT.” 


Next to the distillation of oils no question is of more importance than the chemical treatment which the 
distillates receive. It has always been claimed by the Downer company that the proper treatment for illuminating 
oil is washing with oil of vitriol, to which is sometimes added bichromate of potash, from which the sulphuric 
acid sets free chromic acid, and then washing with solution of caustic soda, and, finally, distillation over caustic 
soda. This treatment at one time produced oils that were unrivaled in the markets of the United States, and 
they have always held a very high reputation. It is, however, claimed by manufacturers of equally high 


a Dingler, ecxxxii, 354; Indus. Z., 1879, p. 204; Chem. Z., 1879, p. 285. 
b This is a geveral trade-mark, and not the exclusive property of the Standard Oil Company. 
ec 8S. Dana Hayes, A. J. 8. (3), ii, 184. I accept the conclusions reached by Mr. Hayes; but the experiment was not conducted so as 
to exclude the possibility that the heavy oils were dissolved in small quantity in the several thousand gallons of crude naphtha used. 
d Archiv der Pharmacie, June, 1874; Am. Chem., v, 431. 
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reputation that the finishing of oils by distillation is wholly unnecessary, if not positively detrimental. Judging 
from all that I can learn in reference to this subject, I conclude that the treatment that distillates should receive 
depends upon what they are. There are: 

1. Distillates produced by reducing petroleum. 

2. Distillates taken off before cracking commences. 

3. Distillates that are wholly cracked. 

4, Distillates that are mixtures of 2 and 3 

The first and second classes would consist almost wholly of the paraffine series (C,,H2, 42) of hydrocarbons ; 
that is, inert and neutral to chemicals. Consequently they would be easily treated, and would yield colorless and 
neutral oils, especially when more or less caustic ammonia is used along with or after the soda treatment. Classes 
three and four, however, are quite different. These consist of more or less of the olefines (C,,H2,) that are not chemically 
inert, but form substitution Gompounds with readiness with such an active reagent as oil of vitriol. In these 
substitution compounds SO, takes the place of two atoms of hydrogen in the hydrocarbon, and the hydrogen 
unites with the atom of oxygen to form water. It is claimed by those who finish oil by distillation that these 
substitution compounds are not destroyed by agitation with caustic alkali. Others admit that they are not 
destroyed by caustic soda, but claim that they are removed by caustic ammonia. I am inclined to think that neither 
of the caustic alkalies will remove them. Ihave examined a large number of illuminating oils during the last twenty 
years, and I have found that a large proportion of them blacken on being heated to 200° F. and yield sulphurous 
acid fumes. I have never attempted to estimate this quantitatively, but the amount yielded by half a pint has in 
several instances been such as to be very apparent in the atmosphere about the apparatus. Such oils have not been 
properly treated. Half a pint is no unusual amount to consume on a winter’s evening, and while in the experiments 
to which I have referred the sulphurous acid was disengaged suddenly and almost instantaneously, the fact that 
when the oil was burned it would be thrown off slowly would not lessen its quantity nor its effect upon those exposed 
to its influence. My own conviction is that all oils that will blacken and give off sulphurous acid should be 
finished by distillation over caustic soda. 

The following abstract of an elaborate research undertaken by royal command, and published in Dingler’s 
Polytechnic Journal and many other German scientific periodicals, has not before been translated so far as I have 
learned. Its importance demands for it a wider circulation. The author, H. Vohl, appears to use the term “ Roh- 
petroleum” to designate American refined oils imported into Germany. He asks “if by the burning of petroleum 
there is not danger of producing unhealthful gases, and whether crude (Roh) petroleum does not itself contain 
injurious compounds which are kindled by its burning that are removed when it is purified?” and then continues: 


The only element of crude petroleum which liberates unwholesome gases when it is burned is sulphur. No petroleum is free from it. 
In many cases the petroleum is polluted, in the so-called ‘‘cold treatment” with sulphuric acid, by sulphur compounds. It is particularly 
so when an appreciable quantity of paraffine is left in lamp oil, and because of its dark color is subjected to an additional treatment of 
sulphuric acid. In this way refined oil often contains or retains so much sulphuric acid that its burning develops unwholesome influences, 
Sulphuric acid in part forms a compound with the heavy paraffine oi] which is soluble in the remaining oil, and neither through treatment 
by water nor by alkalies is it decomposed, so that a subsequent treatment with these substances offers no guarantee for the absence of 
sulphur. When oil so treated is subjected to distillation, first a clear burning oil passes over, then a rapid development of sulphurous 
acid gas, often accompanied with coloration of the contents of the retort. Finally, atter a limited separation of sulphur has taken place in 
the neck of the retort, sulphureted hydrogen comes over, and a carbonaceous mass with acid reaction remains. An erroneous opinion is 
held in many places that a strong blue reflection possessed by many kinds of petroleum is an indication of its superior quality and usefulness 
Petroleum has this peculiarity when it contains an appreciable quantity of paraffine oil. Most hydrocarbons resembling retinols have 
these blue reflections, with a high melting point. None of the different kinds of petroleum investigated were free from sulphur or 
sulphuric acid, and therefore it can be assumed with justice that petroleum burning-oil free from sulphur belongs to the exceptions. 

Petroleum, wherever a tranquil light is necessary, has superseded illuminating gas; besides, it is cheaper than coal-gas, so that it is 
entirely out of the question that the consumption of petroleum should decrease to any important extent, and therefore so much the more 
necessary in order to direct attention to these sulphur contents, that the removal of the injurious contents must be provided for. Among 
those who make use of petroleum for illuminating purposes inflammation of the eyes and catarrhal troubles often appear, for which 
physicians can never afford relief, because the source of the trouble is unknown to them. 

The series of experiments embraced the following determinations, beside the sulphuric acid: 

(a) The specific gravity of the oil at 15° R. water =1.000. 

(b) The temperature (R.) at which the oil gives off inflammable vapors. 

(c) The contents in oils of specific gravity 0.740. 

(d) The contents in paraffine oils of specific gravity, 0.850, solidifying at + 15° R 

(e) The consumption of the oil, in grams, per hour in a lamp with a plain burner, with a wick 18™™ broad and 2™™ thick, having a 
capillary attraction of 8™, 

In order to determine whether the sulphur is contained as sulphuric acid or as a substitution compound of sulphuric acid with 
an hydrocarbon, he heated the oil a long time at the boiling point in a glass retort with a piece of sodium or potassium. The bright 
surface of the alkaline metal is soon covered by a yellowish layer, so that one can safely conclude upon a sulphureted compound in the 
oil. After cooling add distilled water drop by drop until the excess of alkaline metal becomes oxidized and the sulphur, as sulphide of 
potassium, passes into solution. Then stir the fluid with a glass rod that has been immersed in a solution of nitro-prusside of sodium, 
The presence of the smallest quantity of sulphur will immediately color the solution a beautiful violet-blue. (a) 


a Dingler, cexvi, 47; W. B., xxi, 1053. 
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TABULAR STATEMENT OF EXAMINATION OF OILS BY H. VOHL. 






































Temperature | Per cent. Per cent. Percent: 

“¢ Specific : ei te pon eiver = ee on = rome oe of sulphuric 

0. inflammable | oils of spe oils of spe- | sumption o 
gravity. vapors are | cific gravity) cific gravity} oil in grams. pete eee 
| given off. 0. 740. 0. 860. } 
Deg. R. 
1 0.780 23.0 24. 964 14. 195 16.78 0. 994 
2 0.790 | 28. 0 18. 330 19. 519 15. 46 2.001 
3 0.790 28.0 3. 050 5. 022 15. 00 1. 884 
4 0. 780 27.0 19. 889 | 14, 987 16.50 | 0. 946 
5 0. 805 24.0 22. 133 28. 666 aly fo | 1. 560 
6 0. 790 23. 0 25. 950 9, 669 17. 20 0. 876 
7 0, 800 27.0 25. 345 11. 500 14, 88 0. 998 
8 0. 790 22.0 35. 460 11. 590 17. 90 1.014 
9 0.795 23.5 25, 203 12. 100 17.12 0. 914 
10 0. 795 27.6 15. 233 5. 410 14. 50 0. 348 
11 0. 800 24.0 (25. 575 35. 769 16. 00 3.114 
12 0. 790 19. 0 32. 440 19. 711 16. 14 1, 440 
13 0. 790 19.5 29. 580 28. 711 17. 25 2. 100 
14 0. 790 19.0 33. 216 26. 461 16.89 | 1. 210 
15 0. 785 18.0 34. 706 3. 506 17. 98 0. 346 
16 0.779 8.0 48. 051 20, 512 19. 38 1. 950 
17 0. 790 19.0 38. 193 23. 367 18. 25 2. 146 
18 0. 800 27.5 20. 950 32. 550 16.50 | 2. 200 
19 0. 798 25.5 20, 600 26. 480 17. 33 0. 216 
20 0.795 23.0 21. 400 27. 140 17. 50 0. 220 
21 0. 790 23. 0 25. 400 35. 440 14, 20 0. 389 
22 0. 795 24.0 24.116 36. 880 14, 29 0. 401 
23 0. 790 22.0 36. 118 13. 400 17. 55 0. 991 
24 0. 790 | 19.0 35. 661 14. 014 17. 24 0. 973 
25 0. 800 | 27.0 16. 033 6. 880 15. 36 0. 310 
26 0. 795 | 26.0 18. 000 8.446 | 16. 02 0. 300 
27 0.795 26.0 17.880 | 9. 001 15. 98 0, 310 
28 0. 780 | 9.0 48. 336 20. 330 19. 66 1.977 
| 





The amount of sulphur indicated by this table is surprisingly large, but I think it should have been computed 
as sulphur rather than as sulphuric acid. As sulphuric acid it is already oxidized and would not decompose at 200° F. 
and appear as sulphurous acid. It is compounds that will burn into sulphurous acid gas, and not sulphuric acid, 
that render these oils noxious. No examination that I have ever made has led me to think sulphuric acid (SQ) is 
present in illuminating oil. 


SEcTION 3.—“* SLUDGE.” 


‘‘ Sludge” is the name applied to the refuse acid and alkali solutions from the agitators. When petroleum first 
began to be extensively manufactured, many attempts were made to recover both the acid and the alkali from these 
spent solutions. The acid forms a black, tarry mass, and the alkali a sort of soapy curd, that forms flocks of a rusty 
color, and also compounds that pass into solution, as well as sulphate of soda. By evaporating the soda sludge to 
dryness and calcining to burn out the organic matter an impure carbonate of soda is obtained that can be converted 
into caustic soda by the ordinary process. The sulphate of soda and other impurities thus accumulate in the 
soda solution and finally render its action imperfect. As this simple process for recovering the soda has never been 
used to any considerable extent, I infer that it has never, on the whole, been considered profitable. There was 
used during the census year an amount of soda crystals, soda-ash, and caustic soda estimated to be equivalent to 
3,500 tons of soda-ash, all of which ran to waste. 

The sludge acid is recovered by first heating it, when it separates into an oily superficial layer and a heavy 
layer beneath containing the acid. This acid liquid is drawn off and evaporated and concentrated like chamber 
acid, the black carbonaceous matter being destroyed at the high temperature required for concentration. This process 
is also very simple, but it produces abundant suffocating fumes and disagreeable odors, and in the neighborhood 
of dense populations is justly considered a great nuisance. At Cleveland, Ohio, and near Titusville, Pennsylvania, 
there are establishments for recovering spent acid, to which the acid sludge is carried in tank-cars. The 
manufacturers of petroleum are paid an amount sufficient to induce them to put their sludge into tank-cars rather 
than to allow it to run to waste, and the recovered acid is returned to them at the ruling price for sulphuric acid. 
Sludge acid is sold to the manufacturers of commercial fertilizers in localities where the refineries are convenient 
to such establishments. Much, however, is allowed to run to waste; it is run into rivers and lakes, and, in the 
neighborhood of New York, is conveyed in barges outside of New York harbor and emptied into the sea. The 
amount of this material that has been thrown into Oil creek and the Allegheny river is enormous. It has lodged 
upon the rocks and on the gravel along the creek and stained them black; and it floats upon the river continually, 
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often communicating its peculiar odor to the atmosphere above. I have also noticed it from the deck of a Sound 
steamer floating on the East river, its peculiar odor being perceptible at the level of the deck nearly all of the distance 
from Blackwell’s island to the Battery. During the census year 45,819.5 tons of sulphuric acid were used in the 
manufacture of petroleum products. Of this vast quantity 21,158.75 tons were recovered, 22,162.5 tons were sold to 
manufacturers of fertilizers, and 2,4984 tons were ‘run to waste”, which phrase means ‘discharenn into lake Erie, 
the tributaries of the Ohio river, the Delaware river, Chespeake bay, or the ocean. 

The effect of both acid and alkaline sludge upon fish was investigated by Dr. Stevenson Macadam, and the 
results were communicated in 1866 to the British Association for the Advancement of Science. He made dilute 
solutions of different strengths and immersed fish in them with the following results: 

1, a fish placed in the acid sludge died in five minutes; 2, in one part sludge and three of water, it died in ten minutes; 3, in one 
part sludge and twenty of water, it died in fifteen minutes; 4, in one part sludge and one hundred of water, it died in fifteen minutes ; 5, 
in one part sludge and one thousand of water, it died in two hours; while in one part sludge to ten thousand parts of water the 
fish were not killed for twenty-four hours, but were apparently sick and prostrate. The spent-soda liquor which has been employed in 
treating oil which has been previously acted upon by acid is decidedly alkaline and caustic in its nature. It has extracted from the 
oil and holds in solution more or less carbolic acid and its homologues, and the poisonous nature of the spent-soda liquor is doubtless 
augmented by the presence of these acids. A sample of this soda liquor which was flowing from a paraftfine oil manufactory, and which 
contained extra water, proved destructive to fish in ten minutes; with three parts of water it killed fish in twenty minutes; with twenty 
parts of water, the fish were dead in twenty-five minutes; with one hundred parts of water, the fish were dead in thirty minutes; diluted 
with one thousand times its volume of water, the soda liquor proved destructive to fish in twenty hours; while with ten thousand parts 
of water the fish were not killed, but were apparently slightly sick. (a) 

He also found that shale oil, Pennsylvania petroleum, and their manufactured MES were all deleterious to 
fish; but the shale oil was more injurious than petroleum. 

Te these sludge solutions were mixed, and as a result sulphate of soda instead of free sulphuric acid and caustic 
soda were discharged into the streams, the injurious effects upon animal life would without doubt be lessened; but 
even in that case the discharge of such vast quantities of mineral and organic poisons into streams the waters of 
which are used by thousands of the inhabitants of the towns upon their banks cannot be viewed as anything less 
than a public misfortune, if no regard whatever is had to the fish with which the streams are stocked. The extent 
of such injury as a problem in public health, as compared with other interests, is properly a subject of inquiry for 
the physician. 


SECTION 4.—FIRES. 


The attention of the public was called to the great danger of allowing large quantities of either crude or 
refined oil to be stored within the limits of large cities by the disastrous fires that occurred in Philadelphia in 
March, 1865. A quantity of oil, amounting to what would now be considered only a few thousand barrels, was 
stored in some open sheds on a lot that was not otherwise occupied. ‘This oil was set on fire, as was supposed by 
an incendiary, very early on a cold morning early in March. The flames spread rapidly, and as the barrels burst 
the contents accumulated in a pool of burning oil that soon overflowed the lot, and, filling the frozen gutters, ran 
down a narrow street in the neighborhood in a rivulet of flame as high as two-story houses. Houses were set 
on fire, and their occupants, fleeing for life, were overtaken by the stream of fire and burned before they could 
escape. In this way several lives were lost. This catastrophe led to the enactment of laws forbidding the storage 
of petroleum within the limits of large cities, and in the case of Philadelphia the railroad carried a branch track to 
tide-water below the city for its delivery and shipment. 

Petroleum refineries have been considered especially liable to destruction by fire, yet some of the oldest 
establishments in the country have received very little injury from that source. The amount of capital invested in 
the manufacture of petroleum during the census year was $27,325,746. Of this, $21,196,246 was used twelve months, 
$318,000 eleven months, $2,315,000 ten months, $2 019,000 nine months, $727,000 eight months, $100,000 seven 
months, $510,000 six months, $100,000 five months, $36,000 four months, and $4,500 three months, equal to $25,781,327 
used for twelve months. During the same time the losses from fire in the refineries of the country amounted to 
$104,631, or less than one-half of 1 per cent. When to this invested capital is added the total value of manufactured 
products that passed through these establishments, equal to $43,705,218, the total being $71,100,964, these losses 
are insignificant. The refineries lately constructed are for the most part uncovered, and the material about them 
that can burn is reduced to a minimum; but the older refineries that have not burned are inclosed in very substantial 
buildings, provided with ample means for completely filling them with steam in case of any accidental ignition 
of the oil. Really the danger from fire depends upon the want of care exercised by those who have charge of the 
refineries more than upon any especial appliances for preventing or extinguishing them. The great fire in Titusville 
in June, 1880, and caused by lightning. Against the occasional destruction of property by the elements no 
amount of foresiglit or precaution will prevail. 





a Chemical News, xiv, 110. 
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Section 5.—THE SPECIAL TECHNOLOGY OF CALIFORNIA PETROLEUM. 


The earliest attempts to manufacture the petroleum of southern California were made by Mr. Gilbert, of San 
Buenaventura, about 1860, who distilled the malthas of the Ojai ranch and obtained from them a small quantity of 
oil of inferior quality that could be used for illumination. When I commenced my experiments in 1865 upon the 
same material I was soon convinced that it was quite different from the petroleum with which I was familiar on the 
Atlantic coast. The yield of oil of a specific gravity suitable for illuminating purposes was small in quantity, and 
burned in the lamps in use for Pennsylvania oils with a dull and smoky flame. The proportion of oil of medium 
specific gravity was very large, and the heavy oils, while of very low specific gravity, were not unctuous, and were 
destitute of lubricating properties. One of these denser distillates, with a specific gravity of 16° B., was a mobile 
fluid-like water or an essential oil. When the Hayward Petroleum Company and Stanford Brothers commenced the 
manufacture of petroleum from their springs and tunnels in San Francisco they encountered the same difficulties 
on a large scale. The oils were all of inferior quality, and the ‘“ middlings”, as they were called, were so large a 
proportion of the distillate as to prove a very great obstacle to the success of the enterprise. 

Professor Silliman secured a barrel of the Ojai malthas and carried it to Boston, where he worked it in the 
experimental apparatus of the Downer company. From the report of his results [ make the following abstract: 

The crude oilis very dark. Atordinary temperatures (60° F.) it isa thick, viscid liquid, resembling coal-tar, but with only a very slight 
odor, and with a density of 0.980 or 133° B. It retains, mechanically entangled, a considerable quantity of water. The tar froths at the 


commencement of distillation from the escape of watery vapor. It yields by a primary distillation no product having a less density than 
0.844, or 37° B. at 52° F. Distillation to dryness gave: 





Per cent. 
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This first distillate, having a density of about 0.890 at 60° F., gave, when subjected to slow distillation, a product having a density of 
0.885, which, after treatment with oil of vitriol and soda lye and redistillation from soda, had a density of 0.880. This distillate was then 
fractionated, and yielded: 
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In another experiment, undertaken with a view to ‘‘ cracking”, treating, and redistilling with soda, the products were expressed in 
percentages of the whole amount operated upon as follows: 














Per cent 

Naphtha of specific gravity'0, 700 6 007 Toe... ioe ie cowy cea es cue Eerie oie alee een ee iene ee 11.33 
Oil of spécific gravity 0,696 Bb GU ee es oc. eer s nga eats eames we wena sme eeiae as ae omnes eae Se ougee 66. 22 
Oil of specific’ gravity 0.893 af GOO Oi sti2: ei. in ELS esse cee tees eee en an ek eee ee ere eee 12. 67 
Oil of specific gravity 0.921 at GG iia tas fai. 2. a.) ts kode esse eR A eres ae ee eee eee terme 3. 56 
LOS atin ste ae toad oo ec tae 55 Sea ea ino rr ees ote aes tohie che G's kc cine plata aa ee tne ts en tane ete ener ae ci eee ek ene 6, 22 
100. 00 

Further experiments by distillation under pressure gave: 

Per cent 

Light oil, specific gravity 0.825 at 60° F’....-.................. sctbraeinecim sistetems got 6.5 ore tats Geis nee tape ee erate Pele 19, 20 
Heavy. oil, specific gravity, 0.885 at GOSS ie oes cia ei ie ie a geen Seats a ee a 25. 86 
Heavy oil, specific gravity 0,918 'a@t G00 Tn. ac Sannitwcdnone sense cineee Dei ced bins ae seme ie alate ee tee ieee 38. 14 
Coke and loss.2 2 co's io ele cae cee cutee manele sere = seics'y ae sis meee sip eins So ten eRe tn eee ann ie eee ee ae 16. 80 
100. 00 








No paraftine could be detected by refrigerating any of these heavy oils in salt and ice. (a) 


On returning from California to New England, in 1866, I brought with me a few gallons of several of the 
petroleums and malthas of the neighborhood of San Buenaventura. It was my intention to treat these samples in 
an apparatus similar to that used by Mr. Merrill, but the small quantity of each specimen at my disposal rendered 
that operation very difficult, and I subsequently determined to distill them under pressure, after the manner patented 
by Young. I contrived a small retort, with a valve of peculiar construction, described in the American Journal of 
Science for September, 1867.(b) These specimens of petroleum, numbered I, II, and III, were subjected to this 
treatment. No. I came from a tunnel in the Sulphur mountain (see Fig. 6), with aspecific gravity 0.9023; No. IT, 
from the Pico spring, with a specific gravity 0.8932; and No. III, from the Caflada Laga spring, with a specific 
gravity 0.9184. They were first subjected to distillation under a pressure of about 30 pounds per square inch in a 














aA. J. S., xliii, 242; C. N., xvii, 257; B.S. C. P., 1868, 77. bA. J. S. (2), xliv, 230; C. N., xvi, 199; W. B., 1867, 725. 
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measured quantity of 1,500 ¢.c. The distillate obtained was then fractionated until the specific gravity of the 
distillate averaged 0.810 or 43° B. The heavy residue in the retort was again distilled under pressure and 


fractionated to a distillate of specifi¢ gravity 0.810. The heavy residue in the retort was then treated for 
lubricating oil. The results tabulated as follows: 




























































































U wS 
eI 2 S) o ami | 5 2 Ax ay ; fey : : ot 
<S 3 04 S a8 eA | 3° a CS aa ‘a ire EI 5 
s. AQ bal] ao Bo | = 8 Q aS) =o aa) SH ut . 3S 
oF. na eT) 29 3 ai) par +B ‘< Bo, 43h | A | an 3S 
1,500 c. ¢. of crude oil for Bs os oR 2S pa bee, me | 6S ae <3 | 88 Se Ep Akg 2 a 
each experiment. 2S oe 8 5, ‘en is & be ref bb Ps ro Seavey 5 bo Pasa 3 a a 3 
mS eS Bs : pa < | | = 
Bh ae | Sa lobe | ae) wee Be eed d my (87 Be | EA 18 ee Le 
re oO wo pS so Ae co On 4 Os ns an Ses 
wD 2 e =o o%8 os oeowl! a a DO-j a oA zc S m 
A é Se loos thisy Bae re =, | see) 3 e eC 2 g 
: a ay as) ey es] He | 8 a a a a a A HH H | Hq 
Cubic centimeters: 
1 De Re fae a 1, 365 135 | 680.00 | 735.00 | 681.00 | 184.00 | 814.00 | 24.42 | 789.58 | 497.00 | 14.91 | 482.09 | 789.58 | 482.09 | 39.33 189.00 
Ql Ll ee 1,315 185 | 850. 80 | 464.20 | 408.78 | 102.19 | 952.99 | 28.59 | 924.40 | 306.59 9.19 | 297.40 | 924.40 | 297.40 | 37.78 | 240.42 
Lee aici ska oe ns = jessica 1, 240 260 | 605. 00 | 635.00 | 571.50 | 142.87 | 747.87 | 22.43 | 725.44 | 428.63 | 12.85 | 415.78 | 725.44 | 415.78 35.28] 323.50 
Percentages: 
ears at asec = sacs aa5:<i5's 91. 00 9.00 | 42.00 49.00 | 45.40 12. 27 54. 27 1. 63 52. 64 33, 13 0.99 | 32.14) 52.64] 32.14 2. 62 12. 60 
MM Seis oSicmvaealecreu.s 87.66 | 12.34 | 56.72 | 30.94] 27.25 6.81 | 63.53 1.91 | 61.62 | 20.44 0.61 | 19.83 | 61.62 | 19.83 2. 52 16. 03 
Rent thee 222th los: 82.66 | 17.34) 40.33 | 42.33 | 38.10 9.52 | 49.85 1.49 | 48.36 | 28.58 0.86 | 27.72) 48.36 | 27.72 2.35 21. 57 
Cubic centimeters 
10h 7a ee oe 1080. 00 | 232.50 | 250.00 | 830.00 | 747.00 | 186.75 | 436.75 | 18.10 | 423.65 | 560.25 | 16.80 | 543.45 | 423.65 | 543.45 | 29.90! 503.00 
Percentages: 
1 8, <5 AEE AA, 72.00} 15.50] 16.70 | 55.30] 49.80] 12.40] 29.10 0.90 | 28.20] 37.40 1.10} 36.30 | 28.20} 36.30 2. 00 33. 50 











‘The specimen of maltha (IV) examined was taken, it is supposed, from the same pool on the Ojai ranch as 
that examined by Professor Silliman. Its specific gravity was 0.9906. The air, hydrogen sulphide, and water was 
removed by allowing the maltha to flow slowly from one vessel through a second vessel, in which it was heated 
sufficiently to expel these impurities, and from which it flowed into a receiver. The loss by this treatment was 
124 per cent. The purified maltha was then treated precisely like the oils, with the results as given above. 

As these results, both with malthas and oils, were conducted on a small scale, the percentage of loss is much 
greater than would be experienced on a commercial scale. 

A comparison of the results of the distillation of the malthas and oils appear at first sight to give the latter great preponderance in 
value over the former; but it should be borne in mind that the malthas contain 12} per cent. of volatile impurity not contained in the 
oils. After making due allowance for this fact, it will be observed that the total amount of crude distillate is in all cases very nearly in 
the same proportion to the pure bitumen contained in the crude materials, These crude distillates yield easily to treatment with the 
ordinary amount of sulphuric acid and soda lye. The purified oil is very transparent and the most free from color of any that I have 
seen. Indeed, were it not for its opalescent properties, and the peculiar manner in which light is refracted by it, this oil could not be 
distinguished by the eye from pure water. I do not claim to have produced oils the burning qualities of which are superior to other 
California oils, but I think them in no way inferior to the best that have been produced from unadulterated California petroleum. The 
best refined California petroleum that I have made, as also the best that I have seen from other sources, fails to produce a light of such 
intense whiteness as the best retined Pennsylvania oils, although they are quite equal to the average upon the market. It is my opinion 
that this difference is due to admixture of some series of hydrocarbons, containing a large amount of carbon in proportion to-the hydrogen, 
in such quantity as to render the combustion incomplete, and thus give rise to a yellow flame. (a) 


An examination of Russian petroleum in 1881 by Kurbatow and Beilstein has shown the presence of an 
homologous series such as was here predicted, which contains more hydrogen than the benzole series and less 
hydrogen than the paraffine series. There is a great similarity between these Tertiary Russian petroleums and the 
California petroleums of the same geological age, and it is altogether probable that they both contain these ‘additive 
compounds of the benzole series”. I aminformed that during the last ten years or more there have been a number of 
thousands of barrels of petroleum refined in Santa Barbara and Ventura counties which has been sent into Arizona 
and Mexico, but was not of such a quality as to compete in the San Francisco market with oils manufactured on 
the Atlantic coast. On the whole, so far as I can learn, the oils manufactured from crude California petroleum are 
uniformly of inferior quality. 





a 8. F. Peckham, Geo. Surv. of California: Geology II, Appendix, page 73. 
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OuaptTeR VI.—STATISTICS OF THE MANUFACTURE OF PETROLEUM DURING 
THE CENSUS YEAR. 


SEcTION I—INTRODUCTION. 


The statistics that form the subject of this chapter were obtained by means of a schedule of questions which 
were placed in the hands of the different manufacturers, and the answers have been consolidated into the totals 
‘as here given. Great care has been taken to include all parties engaged in the manufacture during the whole or 
any part of the census year, and it is believed that the list is complete. It is further believed that the schedules 
have been filled with as much care and regard to accuracy as could be expected under the circumstances. - Several 
firms had gone out of the business at the time the statistics were compiled, and others had kept their books in such 
a manner as to render the compilation of such statistics difficult. It is believed, however, that in those instances 
where absolute accuracy was found to be impossible approximately correct estimates have been given. These 
instances constituted but a small percentage of the bulk of the business, which is carried on by large corporations 
and firms, who conduct their business systematically. The statistics furnished by these concerns have been compiled 
at much labor and expense, and in many instances are careful transcripts of annual or biennial balances and records 
kept in the regular course of conducting the business. As statistics of this character constitute a large proportion 
of the whole number, and as the remainder are carefully computed and estimated, the totals are believed to represent 
in a practically accurate manner the details of the business of the country for the census year. 

The following-named firms and corporations have furnished statistics : 
































Name. Location. Name. Location. 
Portland Kerosene Oil Company...-.-...----.- Portland, Maine. Pioneer Oil Conipnay ss sace~ cases cee ian se cre Cleveland, Ohio. 
Downer Kerosene Oil Company...-......--..... Boston, Massachusetts, and || Merriam & Morgan................----s-s+-e-- Do. 
Corry, Pennsylvania. [sts EWR ON Ce ee de CNG” es: 
Oriental Oil Company...-..-----++-+++-++-+++++ Do. || American Lubricating Oil Company .........-- Do. 
Maverick Oil Company .....--------+-+---++--- Do. i Republic Refining Company..-.....-..-..-...-- Do. 
Pierce & Canterbury ..-.-------.------+---+--- Do. | Backus Oil Company ......-..---2-0e00---0++- Do. 
&. Janney & SONG » sarns sencen non ovs tavray vans y: BSrooklyn wen hunette, Spd il Wa)tan H1.Doap televise ane meee Do. 
Gu: Grdeeryssiocoe Ue ee Tye) || Schofield, Schurmer & Teagle ..............-.. Do. 
Charlies Prattde tis ele ee ee eee Do. Forest City Varnish, Oil, and Naphtha Co..... Do. 
Empire Refining Company.........-----+--+e++ He. J). H, Hoeisel' & Cowcees. sce sce ase nse eeae sien ee Do. 
Sone & Wemmiig.| wee eee ee ‘Ls a. Joo Rs Cimming 6 COlsiqssnasae as basiccniscnas anes Do. 
Jampa DERBI oo Clo aoe ne ten Do. fl Acme Oil Company. asc 2 ceets sessea eee eae eee Titusville, Pennsylvania. 
Wilson & Anderson ...... BLES Sc NY ot: LE Do. Keystone Oil Company ..-....-----.-.---------- Do. 
Bick e lenaioee eo eee Ts. || White Star Oil Company...... LOA SASH aSbase se: Do. 
Pee is OW oe ee ee area Do. Crystal OM Works tq. -.cs-ceat sonss sees sets Miller’s farm, Pennsylvania. 
Devoe Manufacturing Company ......-.--..-«- ree Imperial Refining Company .......-..-.------- Oil City, Pennsylvania. 
Meee Hehe ho se etre ihe es Do. Mutual Refining Company...................0+ Reno, Pennsylvania. 
Queens County Oil Refining Company...-.-....- Do. aati? OM WORKS Ge Pi dais = Hasse s=mae pes obs : 
Tames As Bostwick he te ne eee Brooklyn, New York. Eclipse Oil Company..-....--.-.----------.---- Franklin, Pennsylvania. 
Long Island Oil. WoOrks....26: ccomsc sede sae wals Do. | Relief Oil Works ...-..------+++++++++--+ +--+ Do. 
Lombard, Ayres: & Gos -.ese se<mscisesecaeecces New York city. Franklin Oil Works ...-..---000-0---+--++s0- Do. 
Cheesboro’ Manufacturing Company .......-.- Do. German Refining Company...................- Brady's Bend, Pennsylvania. 
Leotdind).g mie eenls €frle hE de De: William Bradins. 2:5... 2.02..e0- fee ee Millerstown, Pennsylvania. 
‘M Cid avin beds Riad Ck ete ae Do. Holdship' é&Jrwinoy ie0,.5)sa'cnc cee cence ered Pittsburgh, Pennsylvania. 
Hndson River, Oil Works sac ee4 sone 50 seone Bergen county, New Jersey. Standard Oil Company.....-...0-+----- aa Do. 
Bayonne Refining Company ..-.-................ Bayonne, New Jersey. Paine, etsy BE Onn nas «520 -wence nenronne mans Do. 
Pennsylvania Refining Company ..-........-.. Philadelphia, Pennsylvania. B. J. ire aaa i Ee See oe 
Maloow//Leyi tt Gein ntssgallnegel. Do p BaD), Milles (n= Fa sce- ahr 622: peat ne Ae emma a pet, AO 
William L, Elkins & Co.......20.0002e-000ee+- Do. No ee an ce beg art rte tg ver 
Harkness Refining Company .................. | Do. Central Refining Company..........-.-.------- Do. 
Webster Brossi-W Uso cs. sesssesee cere eecat Do. | D.P. Reighard -..-.-.--0+---0s-eescesasbnenhe Do. 
Atlantic Refining Cumpany.................... Do. Andrew Lyons & Co. ......-.-2+-+-+2----eneee- Do. 
Excelsior Oil Company .......-.--eseeeceeseeee De. Wallover,Oi Company: = e224 s.s'eawen sn ee cscs Smith’s Ferry, Pennsylvania. 
United Gil Companyue. sp aecm arene ee eee etre Baltimore, Maryland. Samuel Hodkinson. ....-+-+-----2+--cacesacees Steubenville, Ohio. 
J; Parkhurst jr & Cott. Cn a Do. Marietta Refining Company ............-...--- Marietta, Ohio. 
Camden Consolidated Oil Company ..........-- Baltimore, Maryland, and Par- | Ohio Oil Works.....+..+---++s200s2-2es2eee-- 2 | Do. 
kersburg, West Virginia. | Argand Oil Company....-- Baten stg nan wiclapie = tele | Do. 
Solari Oil Company. ese se patos cece eels Williamsport, Pennsylvania. Richard Paton sees ssences/oewe wa Gee easels ce cls Do. 
So wailey)4 Cos. to aei cs sans see cu cee ee eae Danville, Pennsylvania. |) O.4ML Lovell eae tas abare see eelcnen a aleceetnees Do. 
Reading: Oil Company, c--cascossesenences sess Reading, Pennsylvania. \ sainh Warren) C3000 seeps ct ate cee ete tet a | Wheeling, West Virginia. 
Binghamton Oil Company .............---..--- Binghamton, New York. E.'s Grates cemew en aoe oebie eaee peecase ace a | Parkersburg, West Virginia. 
wWacuum Oi Company cassanckeee-¢aeeeeoe eset Rochester, New York. Sweetzer Oil Company® <3 ce ccee we wcgesncece ss Do. 
Buitalo Oil Works. vaecccscwese me ceeee coeeee Buffalo, New York. S.P2 Wells: sc: Cozecsesen eae Seana Sacsbouna ase Do. 
Standard: Ol Companyis.c-s.0e se cres dese eee Cleveland, Ohio. Cheas; Carley 0) C02 ecn¢-4scnens atone seeter Louisville, Kentucky. 
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SECTION 2.—CAPITAL, LABOR, AND WAGES. 


The total amount of capital invested in the manufacture of petroleum during the census year was $27,325,746. 
Of this amount, $21,196,246 was employed the entire year and $6,120,500 for periods varying from one to eleven 
months, averaging $4,585,081 for twelve months. The total average amount of capital employed throughout the 
year was $25,781,327. (See page 183.) 

The total number of hands employed was 12,231. The average number was: Men, 9,498; women, 25; children, 
346; total, 9,869. Some of these men were employed in establishments that were in operation less than twelve 
months. The average number of men employed for twelve months was 8,032. Of the 9,498 men, 8,818 were 
employed by day and 680 by night. This latter number does not represent all of the labor employed at night, as in 
many establishments the work was not performed by men who worked constantly at night, but by men who were 
divided into sets and alternated, one set working during the day for one week, and at night the following week. 
In other establishments the work was divided from twelve at noon to twelve at night. 

The wages paid for skilled labor varied from $1 60 to $3 per day, averaging about $2 25, and in general no 
difference was made in the wages of those who worked by day from those who worked at night. Ordinary laborers 
were paid from $1 25 to $2 per day, averaging about $1 50; coopers from $1 50 to $2 50, averaging about $2 25, and 
tinsmiths from $1 30 to $2 25, averaging about $2. The highest wages were paid on the Atlantic coast and the 
lowest on the Ohio river. The total amount paid in wages during the census year was $4,381,572. 


SECTION 3.—MATERIALS EMPLOYED IN MANUFACTURING PETROLEUM. 


The total amount of crude petroleum manufactured during the census year was 731,533,127 gallons, equal to 
17,417,455 barrels of 42 gallonseach. This crude oil was valued at $16,340,581, equal to 92.9 cents per barrel. During 
the year there was received by the manufacturers in— 


Gallons. 
BS ES See meee Ar Dene eer Penta tee hs cei AEN oe ee oe et Soe Se On es eee cee nic ee COROO STOLE 
aT Cee ee eee tt oe aes atta, aoc a cso clwwels osaelee a4 ae ees cece eee map neh Sone tae oe ann aes eee wea dah 42, 433, 388 
tail RCS Spo eh oes edocs Oe Sole AcOEt CSL noe a a NG on dae ee eg eit 437, 740, 951 
UD Cc UN CNB eye ere eet eette a aete a cinjniaciaisin'e ais ee sleisin lel siaisicia o 5. at Saltese adele as See weitere See Secislojecle sane acca 227, 941, 728 


This oil is estimated to contain on an average 1 per cent. of water, and was mainly third-sand oil; but it 
includes also nearly all of the second-sand oil, and a portion of the first-sand. It does not include any of the 
heavy oils that are used as natural oil, and but a small portion, if any, of the mixed oils. 

In the manufacture of this oil there was consumed the following kinds and amounts of fuel: 


Value 

ABTA CHL CLC ON emer eae een e elena de Sel am cle tne cae set aod cs nee Soesencinse woes tons... 179, 997 $446, 922 
EU ORES COs Ueereeee ete eae eel) tele sete ee aul uc ds ela ca a's sldwas wave bine leew tons..-- 504, 667 _ 580, 983 
VU GOCWmene el Paid atta nietsidin eaanie ase co oa ees iS id SESE EL Sse EES a ees, wa cords.... 1,471 6, 355 
CHO ae ce nceabe See Bo dlhod thetic Seen Seer IR ea a nec bushels.... 3038, 596 13, 218 
INGO a gnc agas Sl eAU Bee Gee dates aoe ee eon ee ea aa eee eee see gallons.... 2,892,164 42,315 
OSlANUMS so och cesses sce sch Bho seg SROs CA EEO ee oe OER ore Bere gallons.... 11, 765, 705 229, 215 

MO pplevialt a hlONIOLeLUClUISOGe me eee tora a 5 =o hecdlo,. eye oe Selection o ala mecbinsincniecnwie Sh ieee s/anmieiaisia ne = 1, 319, 008 


Anthracite coal was very generally used in the Atlantic cities, but not to the exclusion of bituminous coal. 
Naphtha and residuum do not appear to have been used as fuel except in special cases. This fuel was used in the 
distillation of the oil and in the production of steam for use both as power and in distillation. 

In the treatment of the distillates there were used of— 


Value. 
SnD See eye Petr ae ea olee wale oe ee = tae Wee elac set chunind odin si soweaevonede save tons.... 3 $180 
Send ey Nase a See ee ee dys ate ass owl eS s.~ aiclecinamasieaaiiln access s dOsese. 45, 8134 1, 206, 052 
PU OLOCR OLED BC iar ey ee ie i ae a od arciint anit da da wee Ga\a'w'b,b xine Siw mls oo o's pounds.... 3,424 68 
TROT IVA ILOLO LET CLC Gere erate a eee Moye MS SE ee alan) Etec cal wet Acme Mac aa, He waciseccceesaencvicn 1, 206, 200 





Of this vast quantity of sulphuric acid the “sludge” of 22,1624 tons was sold to fertilizer and chemical 
manufacturers, that of 21,158? tons was returned to the manufacturers to be restored, and that of 2,498; tons ran to 
waste. Of this amount, 1,389 tons of the 2,4981 tons that ran to waste were thrown into the Atlantic ocean and rivers 
and bays that enter it, 8392 tons were thrown into the Ohio river and its tributaries, and 269} tons into lake Erie. 
The proportion of sulphuric acid that is thrown to waste is now much less than it was formerly, but the nearly 
5,000,000 pounds wasted during the census year is alarge quantity with which to pollute our rivers and bays. 
The 1,678,000 pounds thrown into the tributaries of the Ohio river is a large contamination in the waters of even so 
large a river, and in addition to the acid the sludge oils cannot fail to increase its deleterious effects. 

The alkali treatment was effected by means of— 


Value. 
SOd 1-35 eee tree oe ee ner Or 8 ei ake eh. ih Gee) os US wan Aik Bee tons se. 410.9 $10, 427 
CAUSTIC S00 Renn eee er a ee he Bre ee CME Re ce a ee Ss Gag e's Wleretes Goemeee (HOLS 85, 064 
Sal-sodamreuameme sete. cee eater ee ie 3 I a ie Bhai: Nie FAS a ea eos AES RS en pounds.... 96, 643.0 1, 423 
ASG TOR MEM eee rr eaten aie Sis «nc Sean's ose sie Sela aindiee pe unas doesae-) LOU; 16050 8, 697 
Toi Gie eee a, Sere at ces cui ealn eae Re ceelccad B4 ones lS’ mao bushels.. -- 797.0 159 


PINCH E ER Dmcgee TTeTe COaMee | Lt 1 Cpe ene amr Tee ee nn Caserta yen ee See SUEY is Sols cleo dasinots ae aioe 2 105, 770 
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The sludge of all of this alkali was run to waste on the Atlantic coast, into the Ohio and its tributaries, and 
into lake Erie. 

The filtered oils and residues required the use of 1,990 tons of bone-black, valued at $62,815. The packages 
used were in part manufactured and in part purchased by the petroleum refiners, and were as follows: 












































Value. 
Barrels: Made: 220. i. angi 3 cai la sabi ree One ies hae, clnvcle eer ene EM ites 3, 292, 698 $4, 040, 502 
Purchased... sc eens ce Soto eee eels pele ie atlein oes s (evaie eis dee eee Eee ee 6, 424, 608 7,577, 805 
Total. i202 Us Ie! ies. Tee os Oe oe Pe ce 9, 717, 306 11, 618, 307 
Tinicans {Made sono Sones fee tne 2 cee tet eet ote Rese snle ic 0.8 = ae coats alane Role ete eter ee ree 23, 496, 916 2, 700, 630 
Ded ob od at: Flys Pave a seis Shs SoS ae OngoS SuesOR eee oe SES566 S6a6 asSshaaocr 344, 173 93, 367 
Totalec. oye eaten ee bell: Uc ee 2 sae 23, 841, 089 2,793, 997 
Packing cases }> Mado so. 222. eieb8 seen woke ec acies tees ce esr Maps ean PES SER oN ew eeye yee seer aU Tg eed 189, 511 
Purchased i fo5 te. sence tet set ce nite Sonne eee rerecee sth eae eee eka 4, 845, 504 717, 400 
Potala eee Ue Socata oes BA tS? troy anit sc 6, 452, 801 906, 911 

The total number of all packages and their value was as follows: 

Barrels: 2th: vestatteee Feats arate. ete tea tes neon eck oe iatie tee eee one ocean 9,717,306 $11,618, 307 
Cans Ae. rs SURE A dif. Gee SR Ei ae Oe eh eee 23, 841, 089 2,793, 997 
Gasca je eae Se rer ere Meena Te a re or Shen he. 6, 452, 801 906, 911 
Total packaged i.e oils: sibs see U eee re oe Sak Chace ieee nee See seat pears Leen 40, 011, 196 15, 319, 215 








Where barrels are not made they are being continually repaired. The number of coopers employed was 2,062, 
and of tinsmiths, 353. 
The following is the total cost of materials: 





Value. 

Crade oil, 17,417,455 barrels +22... 522262-bes oe Ries bac ves ces mhebe s(bbee benees alee ae sa nere aaa mee ees $16, 340, 581 
DOL) PPS SSeS Ge Eee Ce an Sree Se OO at 1a" Sets ae oe Se oe Bele miele e want een Selene eee 1, 319, 008 
AGIE |. no nap es knee wen wind aes we dwn peels wae alma Sie HOR eee R= Bis vm Aesth es seve ae eeeeece ere rae aie ek 1, 206, 200 
PAE) | eee eee eee ee Peer eee peer ey eT en oes a senor Fey nega se se 105, 770 
Bone-blaclke oii e feces com sme x cree afm ne fe eee lel oy a meal rm wae tee 62, 815 
Packages ou. Uti dokacleccs earnestness Soeves wok ime nceeanin ie ersles cnr 100 ene. een lee ee uae eine ae eee 15, 319, 215 
Bangs, paint, hoops, glue, 6tG.... 262-2. -.n< ce segrine onsen =o == wpe ene! noes hone dee eee eee Bee 645, 412 

Total 2.00. 22 ccn oe deeces cnet eu oss vocwnw hove scseideen sy wansfeae ele tem vde Views sate aiye aes ae ema ee 34, 999, 001 


SEcTION 4.—THE PRODUCTS OF MANUFACTURE. 


There were manufactured of the volatile products of the distillation of petroleum of a specific gravity above 
87° Baumé 293,423 gallons, valued at $29,117. This material was first called rhigolene, but a similar product has 
been called cymogene, and has been used inice-machines. It is to be presumed that this material was used for that 
purpose. Of gasoline there was manufactured 289,555 barrels, valued at $1,128,166; of naphthas the following- 
named qualities and quantities: 











; Tepe, 
pia. | Starks | Yate 
Degrees. 

60 1, 200 $3, 600 

62 109, 472 225, 609 

63 18, 945 43, 039 

65 6, 148 17, 339 

68 7, 300 20, 075 

70 918, 374 1, 188, 201 

71 1, 617 4, 657 

71-72 6, 899 18, 110 

72 6, 048 3, 931 

73 38, 777 45, 945 

74 19, 565 54, 110 

75 8, 100 34, 425 

76 11, 609 89, 315 

68-70 12, 525 16, 282 
65-70 260 780 
60-72 42, 302 109, 417 
C8-78 3, 400 8, 500 

| 65-76 85 60 
| Tota wats ‘| 1, 212, 626 1, 833, 395 
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An inspection of the table on page 188 shows that the different grades of naphtha, as determined by the specific 


gravity, command very different prices. The following table shows the fire-test and quantities of illuminating oils 
manufactured: 














Fire-test. Maren Lae Value. 
Deg. F. | 

100 2, 059 $6, 435 
110 6, 083, 026 19, 035, 913 
112 913,979 | 2, 621, 777 
115 90, 814 313, 560 
120 2, 107, 220 7, 096, 218 
110-120 | 5, 948 16, 844 
130 510, 522 1, 507, 884 
135 2, 036 11, 233 
140 15, 000 85, 000 
150 1, 170, 725 5, 494, 833 
110-150 28, 270 108, 557 
155 1, 960 7, 350 
160 1, 627 9, 949 
175 22, 843 164, 914 
150-175 46, 220 359, 144 
Total ....| 11, 002, 249 36, 839, 611 











It will be noticed that the three grades of 110°, 120°, and 150° include the larger proportion of the illuminating 
oils. The specific gravity of these oils varies from 45° to 50° Baumé, the high-test oils having usually the highest 
specific gravity. But a comparatively small quantity of oils having a fire-test above 200° F. was produced. 





| 
1 
| 








Fire-test. | Barrels. Value. 
Deg. F. 
260 1,940 | $8, 245 
285 300 | 3, 000 
300 | 14,304 | 191, 480 
Totalesc 16,544 | 202, 725 
! | 








These oils are of a specific gravity of 36° to 39° Baumé. 

The lubricating oils are prepared by various parties of different specific gravities. Petroleums reduced 
especially for cylinders are made very dense, and vary from 25° to 28° Baumé. Of these oils there were produced 
26,018 barrels, valued at $371,020. Petroleums reduced for journals are prepared in greater variety. Of these 
there were: 








shen Barrels. Value. 
Degrees. 
28 8, 184 $30, 327 
28-30 105, 095 506, 957 
29 63, 705 306, 203 
29-34 26, 657 179, 510 
38 1, 200 7, 020 
Total .... 204, 841 1, 024, 017 











The distilled lubricating oils are in equally large variety. Of the deodorized lubricating oils there were 
produced: 











plains Barrels. Value. 
Degrees. 
25 16, 460 $148, 140 
26 2,017 9, 580 
28 68 340 
29 12, 440 149, 280 
28-33 39, 480 304, 232 
Total .... 70, 415 611, 572 | 


190 PRODUCTION OF PETROLEUM. 

The paraftine oils reported are in still greater variety of specific gravity and price, ranging from about $2 to nearly 
$12 per barrel; the latter value being assigned to an exceptionally dense oil of specific gravity 20° Baumé. Of these 
oils there were produced: 




















rie | Barrels. Value. 
| 
Degrees. | 
20 | 2,524 | $24, 230 : 
20-27 | 8,733. | 33, 297 
24 | 552 | 4, 668 
25 26,293 | 165, 555 
96-28 | 6, 000 45, 000 
27 | 3, 187 6, 055 
28 31,462 | 124, 077 
33 714 | 5, 141 
Total ....| 79, 465 408, 023 





| 





Of paraffine wax there was produced 7,889,626 pounds, valued at $631,944, an average valuation of about 8 
cents per pound, of which 900,000 pounds were made into candles by-one firm. 

Of residuum there was produced and sold 229,133 barrels, valued at $297,529. 

The products of manufacture other than those already enumerated were chiefly petroleum ointment, harness 
oil, and other vacuum products, as follows: 


The paraffine ointment manufactured had a value of more than...... ...-.. -.- 2+ see eee ween eens ene e cee eee $100, 000 
Harness 01) 2s: sis nse tod Se oie seco nsicie aia ele eee ree Ae ge w whe aie te tere tis ote eaten) oot ate eo entero oe a ee a 34, 513 
Other products 2528 26 he onc Seema im ee ein eae rma ain ley ot lem el ta ttl a a 193, 584 

328, 097 





SUMMARY OF PRODUCTS OF THE MANUFACTURE OF PETROLEUM AND THEIR VALUE. 














Article. Barrels. Value. | 

PRO Des ia aes J 
RhisGlene= crs. esee ee race x ak aa cies 5, 868 | $29, 117 
Gasoline. 2a a.5- Acces cncahs sssccaee es 289, 555 | 1, 128, 166 
PPR te US ee ee eh Dia oe a Ser a 1, 212, 626 1, 833, 395 
Minmimnating Oils cs cse ws uo ce peack 11, 002,249 | 36, 839, 613 
Mineral SNerm dooce ps.chdecccececene 16, 544 202, 725 
Reduced petroleum, for cylinders. --.. 26, 018 | 871, 020 
Reduced petroleum, for journals..... 204, 841. 1, 024, 017 

Deodorized lubricating oils.......... 70, 415 611, 572 | 
OAT MIENO OUD ccs ccers once ss hepens 79, 465 408, 023 
ROSIE C OM ie ask ocle . weasne on See amie 229, 133 297, 529 

13, 136,714 | 

PraraWie aes oe inc oes cen ctu * 7, 889, 626 | 631, 944 
Miscellaneous: products sss--ciac--0 lv ce eee eee ce | 328, 097 

PD ObAL econ ae eee eae anice vasicpp ote bia 2 a oer eres | 48, 705,218 | 

| H 








« Pounds. 


SECTION 5.—BUILDINGS, MACHINERY, ETC. 


There were in use during the census year 374 boilers, of an aggregate capacity of 12,744 horse-power. The 
machinery was driven by 285 steam-engines, in addition to which there were 200 steam-pumps. These pumps 
were of very varied capacity and construction. Many of them were small, requiring only a few horse-power to run 
them, while others were very powerful machines, capable of handling hundreds of barrels of oil per hour. The 
number of buildings in use were reported at 866, and varied in character from rude sheds to substantial brick 
buildings, their aggregate value being $1,899,288, while the machinery was valued at $3,737,998. The losses reported 
as occasioned by fire and other acccidents aggregate $104,631 43, a loss on the capital in use in the business during 
the year of four-tenths of 1 per cent. 

An attempt was made to ascertain the quantities ef the different products packed by the manufacturers for. 
export, but a number of the returns contained so many errors that the results were worthless. 
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SUMMARY OF STATISTICS OF THE MANUFACTURE OF PETROLEUM DURING THE YEAR ENDING MAY 31, 1880. 








PS EWP 81g ie ate a” veces dart Bees AR Cipgtes, LVS oi ole Oe hte RAN os ya RAD yy gl A Se ag a a Tg @ $27, 325, 746 
SEU beRE MUO TCOR LU WOLVE ANON Ses 3 tes ook ia seh cticine fama ee ee ie ee ee ES $25, 779, 688 
Ree PON Ole SAMIR OTOL LO VEC he cos: cans ind ova Bate een Sa ae i ae oe Bee ees he ee the 12, 231 
SLE MEETS UOTE OMDIOVEM A an class Ae) a Hein ecto ade et ces cee dee ae ceee ante ee chsh dal sdse ces 9, 498 
eee uate, Omen CINDY CAL ssc cfc. oa tobe Wee ues a lec a ce ee es toon er 25 
een ee CrOL CMU MIEN CHIPIOVOC o's onic. Jouve oupse da des cet ee aks oe phe ee tect oee cee nce. 346 

Total average number of hands employed ..............-...-. BEE SEALS BY es tee pice tars nee ere 9, 869 




















RIE ERTL PLO Pe gk Ea daw oOo a Sotala vs Gee nd en Ca), 84, 381, 572 
RMT PrP GUULAL fete Dei eae So nian w= la ms a wkd Send mess reso Ca esa hae hc he tee ee. $34, 999, 001 
UNREST UP COR OCUS lode a=) 5 dine ans Wad cee DOC LE Sees ok Decade ee es EL Ge $43, 705, 218 
EOS are mera A act os oa a= <5 vinints ale wn eoam 0 wacot i cbe's sip va clee cated chcueb ese oe, 374 
EMER ROST OL OE OGG ee ECC din Pov ow ce SVs daiay Mewinicldinis cane spose dons ge oo vane che cet.caccl o¥ be 12, 744 
DANAE beh ERE oe CASS Sada Or CS OHA ee eee Mee tee A Rie aie wen Meee Ry ey Oe 285 
PTE MOIS, shay 2 Gob ed soo seoo eae eee aes tienes oan ee wr ma re sh NG nes 200 
a nea ASOT ELC CER MNEs ia ahr Os din’ noo a va etm wine's S dina, 4a w'e'ee'n soe cece cae be aeen Beets eee 866 
WELD (1 OGTIGNIN EE es ane CL ARRON SE ee oe a ee ene ee eae Nd TL Se Te $1, 899, 288 
eT tk Te RE eee ee a. 5s 5s sp Se co bcthsceoe scamot bunlesautesae Us eu 3, 737, 998 
ORM Sten COU SRVCALETEOM TT OMwOL Gas. .1 ats, 228 wu aatos's wee sco weasels to ey atee Lee 104, 631 
STATISTICS OF PETROLEUM REFINING DURING THE YEAR ENDING MAY 31, 1880. 
ESTABLISHMENTS: 
Se ee Pee aT COLDOLRUIONN 52a fea. co a'sh nc once goa cong wade cokscabese sone Sede ice te 86 
CAPITAL: 
MR RTE TLVeS Ur tete eels none cier ay ¢ faa ae ct ~ <5 wicca ne days naka cansee ceed ubeduue chee ty ean $27, 325, 746 
HANDS EMPLOYED: 
Sia ERIS US LOR CUCL er ee aes nok Ua s eigc'y cnn w ccebus ccceiencccs aacecnaee ohente sumins doudcion 9, 498 
Serra eatin nL TOMMW ONC eacts aan \we aio 1c dw ve sien mash vin nanroredes noe nit duane «nites bdaegn SoeeeLe 25 
ere ee OO MOLE E MRS THI nt cle bye me hove h ans bsce wo ce cn coneatecd eed ace vennuddaeecs co debs 346 
ee er ae MC Peatsia(e acim Sas Wap cial a mee ca deccsnnranne nu ese phwauvbacden cdeelece ets 9, 869 
WAGES: 
er eee Are ee eR ee ws elu wang a's eis ee aee oo wens cansegas aged acy Goudeesveecseusss $4, 381, 572 
MATERIALS: 
Quantities. Value. 
Cruderol used. (0) eesnic ss ceonccc ces. Igge dn nobaRo agadboaéab sooth dacqcee gallons.. 731,533, 127 $16, 340, 58h 
MR UERADAe ASIC Lise tiy oi eases emilee Sse a a ow)see a Soc e e+ cs en vere ccesincisenses tons. .. 179, 997 446, 922 
iP peat ELEC GMMR ede ee ate alata Seen! Sana gen nbnie awn wea sns + wen elsane nine Smee ms do... 504, 667 580, 983. 
POOLE reels am aia acl rainre ee mec Sensle rnin econ aerais bane cose dene ces wdess cords. . 1, 471 6, 355 
OU eri ee ineleaien ie ane tae ea lincs nose wr'es pe ad tows saan sein snh eben cess sees bushels. . 303, 596 13, 218 
IMO OS) 652056 etiod BAS SoSde Loge GER ROO Nees Sere ee See ae Pei ae ee gallons... 2,892, 164 42, 315 
eee A eee eats Rete ae leet leiele seinen aaidalcs ewwa.ne Sains Sn cose eres cals ann do.... 11,765,705 229, 215 
Been ALE pret clelsea eee Catala neldielaae ood a <i ava aa vade aac lactecesa sumer acenes tons... 3.0 180 
RSID LOR TEN Cre 1G eater ie Noted caterers eee a etcio ste Sime Nesom clare. de ial n din sof se'nisle siae selaw eles dOpese 45, 813.5 1, 206, 052 
EL VELrOCULOLIC ACL G ameter oetseies calc e's awestes soce tise s wigs sccceceacclssaeae pounds.. 3, 424. 0 68 
DOGS As eee ee eet tie ottes wen cs bo tt ame at lac selon aisle cee «(5 Su wise cte eaicin'erate tons. -. 410.9 10, 427 
GAUSLICIBOU Siena eo es. naa ccs eee aa Pee he ee ease oo he sae eeekige +s dossws 772.0 85, 064 
ISO meee a rey ees Le et hee Wa nsec ioas om Sane cisibe le ke Gees el cin whee pounds... 96, 643.0 1, 423 
PACHEL SU es TINA) LLY Eh eet SMe Sec alata eI) Sie Walch a cles em jie aie wipers atest we wise Stewie aisle ato ee do.... 160,160. 0 8, 697 
TPP). beds Secs ANE GRAS Ss BOP en Re I ee ae Be bushels. . 797.0 159 
ESOP Ons 110s aemeeare tat DEE eI OS chy ola Sisic dip ade Sa eae eb Sree Majsiely aoa sas tons... 1,990. 0 62, 815 





a This differs from the sum given in the Compendium ($27,395,746), an error of $70,000 having been detected after that was printed. 





b The 731,533,127 gallons of crude oil used are equal to 17,417,455 barrels of 42 gallons each. 
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Packages. 

Quantities. 

Barrels vocece wesc sihsiate oetets a cle = ote ate aia stersrere igre tele te teeta aa tet eine nites ee eee number.. 9,717, 306 
Tin CANS sooo ads cae eso cates ee Sei ee Shee a ee Cree ec ott Nise Ns a dows. 23,041,089 
Cases 5 i nwie cca ddan oablon eis Deslemilecain We ee MEADE recat ee oa eNe te eis mite oe eee ee do.... 6,452,801 
Bungs, paint; Plue vote ac ccs cas aes ecto mee ete tet e ate te ste eset aa ete ee te, Oe terete eee 
Total value of raw: meterial 7 4. 4) nw sonia =)s<cwm seReeridvis sau acecieces saa ebeniemepiaige tes = 

PRODUCTS: 
Rhigolene so sce ssc spesnas heer sak esa ka en hoe we need aban seep an ee aa barrels. . 5, 868 
Gasoline |). i tthes Cote as Seca etre = cite ae no alot cece are elec ele iastcce eee ence doseae 289, 555 
Naphtha 'o.. occ tees cet eee eee anaes cece Woe eco mses se eee seats do..-.. 1,212,626 
Illuminating ol) ons citemsscctata sete c4554r ae rarasieee an shaees Cubes eens do.... 11,002,249 
Mineral sperm. c=2- eer eee ee eee Sedie eee caeqcisens ace necinsseemer este aebee do. -s- 16, 544 
Reduced petroleum; foricylinders:=- 2-4-6 esos ee eee eee eee eee O's = 26, 018 
Reduced petroletim, tor Fouwrnals ns. os ceed vnc tieee cee EMeeie eee cn oe ceneemeaes do.... 204, 841 
Déodorized Ju Dricsiny GUS oe. cio .s ons e oeagtd eae. beet eee a eee ees ae OG sc. 70, 415 
Parafline onesstnons ce cee tens os co seco aca creas eeitee Mere es che seine eter dOenen 79, 465 
FROST es Ie ye ro hae es cece do 229, 133 
Parafiinerwastess conics: aces cece trees ae meee eo ee a eee ete eee pounds 7, 809, 626 
Petroleum ointment, harness oil) 6bG 222. esas eee cette. were eis ate cnn ieee aise eee ere ee 
Total value of. manufactured producis::.2e es ae eee ee eter eeeree ane cme pee sere 
MISCELLANEOUS STATISTICS: 

Boilers 10 US@"-.0c65\55 fs ng.ce ores cassince ae cic da els oimie aie e Nera Sele ania oe oersene eee ete ee eee eee 
Horse-power Of Same sesso < 5274 edo syeeie eeiein wie wlate aie ala ite) Sere re ieee setae eine ee 
EXMZIM eS, IN WSC oo 2 2s en )e = as oe atere ete ais oie 6 are elarers Baa eee ta feels eee eee ee 
Pumps 10 U8 *..035Jcccdesccsecccahe acer > ele st alcenie cone ale ae a eee tee Stee eee eee Ee 
Nomber. of buildings 2.2. ons tis fo steed cee decpew ot eae niasuie aepiauels eats cee en ee teg a ae a ene eee 
Value of:same 22.2055: 2 Se ole ecb Crimean obs Soe es atin einige ees ame oe apnea etre are ete nae 
Value. of machinerysct coc. oc cet Soccce ane eee cee ae cine Soe eerie ate aerate helie eee eee ae ae rete 
Loss during the census year from fire and other accidents .....-. 2... cccccccs coes cecces cece coceee 


Value. 
$11, 618, 307 
2,793, 997 
906, 911 
645, 412 


34, 999, 101 











$29, 117 
1, 128, 166 
1, 833, 395 

36, 839, 613 

202, 725 
371, 020 
1, 024, 017 
611, 572 
408, 023 
297, 529 
631, 944 
328, 097 








43, 705, 218 














866 

$1, 899, 288 
3, 737, 998 
104, 631 
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BeAehihlieeels Boks: 


CHaprer I.—THE USE OF MINERAL OILS FOR LUBRICATION. 


SECTION 1—INTRODUCTION. 


Wagner’s Berichte for 1879 contains a very full discussion of the subject of lubrication and lubricating oils. 
It is there remarked : 

A mineral oil which, without admixture of another oil or body, as a lubricator is of unquestionable advantage. It must possess the 
following charactenistics: 1st, it must possess the necessary consistence; 2d, it must not harden; 3d, it must not contain any mineral or 


organic acid (creosote); 4th, it must begin to evaporate and inflame at a high temperature (not less than 150° C.); 5th, it must also, at a 
low degree of cold, show no ae at of paraffine; 6th, it should possess only a faint odor. 


He further says: 


American lubricating oils are sold under the names of ‘‘ Lubricating oil”, ‘‘ Eclipse oil,” ‘‘ Globe oil,” ‘‘ Valvoline; ” also so-called 
“Natural lubricating oil”, which is natural West Virginia oil reduced in a vacuum, together with complex mixtures and material produced 
by patent processes from residuum. ‘The lighter and clearer oils are spindle oils, those more heavy are machine oils, and the specifically 
heaviest in consistence and evaporating point are used for cylinders under the name of cylinder oil. The higher the specific gravity of 
these oils the less their fluidity and the higher their evaporating point. The specific gravity of the American lubricating oils varies from 

0.865 to 0.915 at 15° C. They stiffen according to quality between —6° and —30° C., most of them between —10° and —12° C. With the 
exception of the West Virginia Globe oils, which are sometimes found to evaporate at 200° C., they inflame between 250° and 360° C., and 
boil mostly above 360% C. (a) 

This may be taken as a fair representation of the subject as presented in the United States as well as in 
Germany. Although there have been those who have advocated the use of mineral lubricators for many years, it 
is only quite recently that any general admission of their claims to superiority has found expression. The whole 
question of lubrication is under discussion, and has been made the subject of a large number of memoirs during 
the last few years. Among these may be mentioned a very full discussion of the subject that appeared in Le 
Technologiste in 1868, two works that appeared in Germany in 1879, one by E. Donath (b) and the other by M. 
Albrecht, (c) and a work that was issued the same year by Professor R. H. Thurston, of the Stevens Institute of 
Technology, at Hoboken, New Jersey, published by Triibner & Co., of London. (d) 

During the year 1878 the Boston Manufacturers’ Mutual Fire Insurance Company commenced a general 
research upon oils and their relation to losses by fire, the results of which, as made public by the company, are 
embraced in alecture given before the New England Cotton Manufacturers’ Association at their semi-annual meeting 
held October 30, 1878, by Professor J. M. Ordway, of the Massachusetts Institute of Technology, (e) and in a paper 
presented by Mr. C. J. H. Woodbury to the American Association for the Advancement of Science at their meeting 
in Boston in 1880, and published in their proceedings for that year. From these two papers as embodying the 
latest results obtained, which are emphasized by the test of actual experience, I shall quote liberally. 

The contract Rider which Professor Ordway undertook this research required that the investigation should 
have reference to— 


1. The power of the oils to diminish friction under various pressures and at various rates of speed. 

2. 'The tendency of the oils to oxidize while in use for lubrication, and their consequent deterioration in efficiency. 

3. Their tendency to rapid oxidation when largely extended by absorbent fibrous substances, and their consequent liability to 
induce spontaneous combustion. 


a W. B., 1879, 1139. 

b Die Priifung der Schmiermaterialien, Ed. Donath, Leoben, 1579, Otto Protz. 

ce Die Priifung von Schmierélen, M. Albrecht, Riga, 1879, G. Deubner. Hiibner’s Zeitsft., 1879, 67. 

d Friction and Lubrication. Determination of the laws and coefficients of friction by new methods and new apparatus, by R. H. 
Thurston: London, 1879. Triibner & Co. 


e Proceedings of the semi-annual meeting, held at Boston, October 30, 1878. ne 
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4. Their proneness to emit combustible vapors when rubbed or moderately heated, or kept long in partially-filled reservoirs. 
5. Their tendency to corrode metallic bearings. 
6. Their specific heat, or relative rapidity of heating and cooling when exposed to the same heating or cooling influence. 
7. The relative length of time that a pint of each will last in doing a given kind of lubricating work. 
8. Their relative fluidity or the thickness of layers retained between two surfaces subjected to a given pressure. 
9, Their compatibility with each other when successively used on the same bearing. 
10. Liability to separate into constituent parts by long standing or by freezing. 


11. Their freedom from non-lubricating sedimentary matter. > 
12. Ease of removal from bearings after becoming thickened by floating dust or abraded particles of metal, or by accidental over- 
heating. 


13. Their tendency to diffuse unpleasant or unwholesome odors. 

14, Ease of ignition and rapidity of combustion when they are inflamed. 

15. The probability of perfect uniformity in successive lots supplied by the manufacturer. 

16. The possibility of securing an unlimited supply at moderate prices. 

17. Suitableness for oiling wool before weaving and spinning. 

18. Ease of removal from yarn or cloth in the operations of scouring. 

19. Their suitableness for the manufacture of soaps. 

20. Their effect on leather and wool. 

Professor Ordway remarked that the report he had to make referred particularly “ to certain chemical properties 
and the facility of oxidation of different oils”. His samples were procured directly from the mills using them, and 
were referred to him marked with numbers; the examination, therefore, was entirely unprejudiced. A few additional 
samples were procured from reliable manufacturers, and samples were imported from Paris, France. These 
were used in comparison. After the examination was well under way a list of names was furnished him, so that 
in his report he was able to give the oils the names by which they were known in commerce. Of the one hundred 
and eighteen oils in the list twenty-four were designated “spindle” oil, some of which were called “light” and 
some ‘“‘heavy”, fourteen as sperm, eleven as lard, nine as parafiine, five as machinery, three as olive, three as 
stainless, two as neat’s-foot, six as wool oils, five as mixtures of paraffine and sperm, three as mixtures of 
paraffine and neat’s-foot, and two as mixtures of sperm and spindle. 


SECTION 2.—SPECIFIC GRAVITY. 


Sections 2, 3, 4, and 5 are largely quotations from an extemporaneous lecture by Professor Ordway, which 
constitutes the best statement of the subject that has yet been made public. 


A simple test of oils, but one of exceedingly limited value, is the specific gravity. We have determined the density of nearly all 
by cooling to 60° F. and weighing in a flask of known capacity. The results are as follows: 


“SPINDLE” OILS. 


No. 17 = 0.840 No. 21 = 0.880 No. 71 = 0.890 
51 = 0.848 9 = 0.886 16 = 0.890 
76 = 0.848 52 = 0.887 79 = 0.893 
74 = 0.850 3) = O887 80 = 0.894 

4 = 0.850 47 = 0.890 87 = 0.898 
66 = 0.870 49 = 0.890 38 = 0.913 
68 = 0.880 53 = 0.890 48 = 0.916 

“SPERM” OILS. 
No. 11 = 0.880 No. 44 = 0.886 
26 = 0.880 75 = 0.886 
28 = 0.880 7 = 0.886 
32 = 0.880 35 = 0.887 
54 = 0.880 40 = 0.890 
56 = 0.880 34 = 0.890 
58 = 0.886 36 = 0.896 


These agree very closely with the true sperm oils which were procured from disinterested persons or from the shops. I got several 
specimens from cargoes newly arrived, taken from the casks before the vessels were unloaded, and these varied in specific gravity from 
0.877 to 0.888, the latter being crude head oil, rich in spermaceti. So,if specific gravity is any indication, the oils sold as sperms are very 
much like genuine sperm. 


““PARAFFINE” OILS. 


No. 65 = 0.880 No. 27 = 0.905 
59 = 0.884 45 = 0.905 
85 = 0.888 69 = 0.905 
63 = 0.890 2 = 0.910 


43 0.894 
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“LARD” OILS. 
No. 10 = 0.914 No. IV = 0.918 
19 = 0.916 VII = 0.918 
13 = 0.917 VI = 0.920 
81 = 0.917 Pure lard = 0.919 
“STAINLESS” OILS. 
No. 3 = 0.860 No. 1 = 0.890 
70 = 0.874 
“NEAT’S-FOOT” OILS. 
No. 50 = 0.910 No. 6 = 0.914 


Pure neat’s-foot = 0.920 


MACHINERY OILS. 


No. 86 = 0.878 No. 61 = 0.895 
39 = 0.878 24 = 0.899 
33 = 0.887 


With regard to other oils than sperm, specific gravity gives no definite indication, because mineral oils may be mixed, and in that 
way we may get an oil of high density, yet containing oil of low specific gravity. All I can say at present is that sperm oil is very light, 
of about specific gravity 0.880; and lard oil should have a specific gravity of about 0.920. Lard oils are pretty thick, and petroleum oils 
of about the same specific gravity are also thick, and neither density nor thickness would betray an admixture. Though a great many 
people rely on the specific-gravity test, it is not to be depended on by itself, though it may occasionally be useful in connection with 
other tests. 


SECTION 3—CONTENT OF VOLATILE MATERIAL. 


As to the mineral oils, we soon observed that they are some of them volatile at the ordinary temperature of the air. It is somewhat 
the same with petroleum oils as with water. Water evaporates at all temperatures, from the freezing point up, and so do the petroleum 
oils. Those that have a high boiling point do so very little, indeed; but those having a low boiling point, if left in the air in the latter 
part of June or July, evaporate completely in two weeks. This was rather a striking thing, as showing that it is unsafe to leave these 
oils exposed to the air, where there is much surface exposed, in a warm room, for we may get an explosive vapor over the whole, and if 
any one goes near it with a lamp there will be trouble. But this was carried further. What takes place at the ordinary summer 
temperature will take place more rapidly at higher temperatures; and in making our experiments we must exaggerate a little, in order to 
get quickly at results. Therefore we put some of these oils into an oven and observed how much they lost in twelve hours. This, I 
believe, is a somewhat new line of investigation, and the results are rather striking. Some of them were left for four hours, some for eight 
hours, and some for twelve hours; but we have finally settled upon twelve hours and 140° F., which is not a very high temperature, and 
which we may often have near a steam-pipe; and, in order to prevent one trouble which occurs in testing oils in this manner, we were 
obliged to suck up the oil in filtering paper. If you pour some oil into a watch-glass it will in time creep over the edge, and a little will 
be lost, and we suffered somewhat from that circumstance. We found it better to take a small watch-glass, which had been weighed 
carefully, and pour in oil enough to saturate a bit of paper; the paper prevents the creeping. So, in making these experiments, we took 
a watch-glass, put into it a piece of dry filtering paper about two-thirds as large, weighed the whole, dropped in some oil, weighed it, 
and put the glass into a hot oven at 140°, and observed the loss. All of the oils have been tried in this manner, and some of them give 
results which, to say the least, are very striking. * * * The first one was a spindle oil, at 50 cents per gallon; it lost only 1.3 per cent. 
The next was a spindle oil that lost 1.5 per cent., and the amount gradually increases, so that in the 43d of the table we come to an oil 
that lost 10 per cent. * * * And again, the percentage rises to the last, a so-called ‘‘spindle oil”, at 48 cents per gallon, which lost 
nearly 25 per cent. What would you think of an oil which lost, by exposure to a heat which is not very great, 24.6 per cent. in twelve 
hours? It seemed as though all the oils which lost over 10 per cent. must be oils not to be recommended, to say the least. I think the 
insurance companies would say they ought to be condemned; and there is a pretty large number of such oils among those which were 
examined. There are twenty out of the one hundred and eighteen which lost over 10 per cent. by exposure to this moderate temperature. 
When the temperature is carried up to about 200° the loss in some cases was about 37 per cent. Of course it is a matter of judgment 
which of these should be considered safe and which should not. For my own part, I should rather not use any oil which evaporated over 
5 per cent. under such circumstances. This matter has some connection with the flashing point, as one would suppose, and the flashing 
point is the test which has been most relied on in regard to petroleum oils. I should say, in speaking of these oils, that those that are 
marked sperm and lard and neat’s-foot, instead of losing, gained at most 2} per cent.—they gained all the way from nothing to 24 per cent. 
All the oils of animal and vegetable origin (I mean those which were so marked) lost nothing, but gained alittle. In some cases they may 
have been mixed witb a small quantity of petroleum oil. We find that, in the case of a heavy petroleum oil mixed with a light petroleum 
oil, we may expose the mixture to the boiling point of the latter oil without evaporating much. The heavy oil has a power of holding 
back. 


SEcTION 4.—THE FLASHING POINT. 


Now the flashing point is a matter which is determined in the case of ordinary kerosene very easily by heating the oil in a water-bath. 

In the case of these lubricating oils we must resort to a higher temperature and put them in an oil-bath. In this case we take a beaker, 
* * * hang it in oil, and expose it to a gradually raised temperature, until when we wave a small flame over the surface there will 
bea slight explosion. The flashing point of all the oils under examination is considerably above the boiling point of water, but some of 
them are not above the point to which oils might get in contact with the steam-pipe, or pretty near a pipe heated by high-pressure steam ; 
and we all know that in factories, and in various other places, there is a possibility of oils, as well as other things, dropping upon the 
steam-pipe, or coming very close to the pipe itself. Of course such an oil, with such a flashing point, would be liable under such 
vircumstances to diffuse an explosive vapor in the room. Perhaps, under any ordinary circumstances, it would not take fire, but under 
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some circumstances it is liable to particular danger; for it so happens in a great many of these experiments, when we want to get an 
accident, we cannot do it, and we have to wait until nature takes its own course. J remember some years ago trying to get an explosion 
with ordinary kerosene, and we found it extremely difficult, and with kerosenes which are of low flashing point it is difficult to get a 
condition of things in which an explosion will take place; but we know that these explosions are happening every day. With regard to 
the flashing points, we have tried all; we have tried, by way of comparison, a great many of those which we procured directly from the 
manufacturer, and which we suppose we know something about. The flashing points vary from 239° to 450° F., but on putting the 
figures side by side with those that represent the loss by evaporation we find the flashing point does not indicate the loss we should 
expect by evaporation. There is a wonderful difference. I find there is one which lost by evaporation 4.6 per cent., and it had the same 
flashing point as one that lost by evaporation 13.8 per cent. We find another one which lost 9.4 per cent., and yet it flashed at the same 
heat as one that lost 24.6 per cent. by evaporation. This would seem to show that the flashing point is not to be so much relied upon. 
I place a good deal more reliance on the other experiments, to long exposure in contact with the air at a given temperature; and the 
flashing point I should set down as one of the things that may give uncertain results. If any oil has a low flashing point it ought to be 
rejected; but, at the same time, an oil bearing a high flashing point may be mixed with a certain amount of a lighter oil, which will freely 
evaporate when exposed to the air more rapidly than another oil with a low flashing point. 


Section 5.—SPONTANEOUS COMBUSTION. 


Of course those oils, which, on being exposed twelve hours to a high temperature (140°) gain something, gain it from the air on 
oxidation; and they are found to be, as a general thing, either of animal or vegetable origin. * * * I believe the sperms gain rather 
more than the lard or neat’s-foot. Of course this oxidation is a matter which is of considerable importance with reference to spontaneous 
combustion ; and we have attempted to make experiments on spontaneous combustion, which is a matter depending on the oxidation of 
oil when spread out over a great surface. We imbibe fibers with the oil in such a way that they are not dripping with the oil, but 
simply dampened with it, and then expose them to hot air, and in the course of time, whether the fiber is cotton, or jute, or wool—in time 
they will all take fire when we have used an animal or vegetable oil. It is rather difficult to carry out these experiments on a small 
scale, because we use only a handful; but when you have a large basketful of waste there is no difficulty. In order to make up for the 
tendency to loss it was necessary, of course, to heat the soaked waste to a temperature which might be considered rather high. We 
have made experiments at 140° F., and we have made them at 190°, and we have made them above the boiling point of water; in all 
cases it was below the igniting point of the oils. To make experiments on spontaneous combustion we took a given weight of cotton- 
waste, about ahandful, and imbibed it with its own weight of the oil to be tried; for it is quite an important matter that the experiments 
should be made with the same quantity of oil, and that the oil should be spread out in the same way throughout. When the waste is 
imbibed with its own weight it does not appear very greasy. It is not in a dripping condition, but in a state where it is still ready to 
imbibe. It is said by those who have made such experiments in Europe that equal weights of cotton and oil are the best; and I should 
suppose that to be the case, as then the air has the freest access to a large surface of the oil. The cotton, of course, is only matter which 
serves to spread out the oil, and to act as a non-conductor to prevent the heat from being radiated. We made experiments on spontaneous 
combustion at 200° and at 220°, but not as many of them as could be desired. 

One of the important things was to determine the accuracy of the trials made in Europe a few years ago. There were some 
experiments, published in the Bulletin of the Industrial Society of Mulhouse, in 1875 and 1876, experiments made by Mr. Coleman, of Glasgow, 
and by Dolfus, in Alsace. The experiments of these gentlemen show that when an animal or a vegetable oil is mixed with a small 
percentage of petroleum oil the tendency to spontaneous combustion is diminished very much, and if with a large quantity of mineral oil 
the spontaneous combustion refuses to take place. There is, however, in this latter case an oxidation. They found in their experiments, when 
they took an oil which consisted of thirty parts of petroleum and seventy parts of an animal or vegetable oil, that the oil would heat up 
when exposed to steam heat, but when it arrived at a certain point it would go down, There is an oxidation, therefore, in such a case ; 
but the petroleum prevents its oxidizing so fast as to allow the heat to accumulate and set the mass on fire. This, of course, is a very 
important point; and it was important to determine whether their results apply to the oils we have as well as those commonly met 
with in Europe. They use more vegetable oi], whereas sperm oil does not seem to be so common there as it is here. They found that 
all the oils tried by themselves would undergo spontaneous combustion, but when they contained from 30 to 50 percent. of a mineral 
oil spontaneous combustion would no longer take place under the circumstances to which they exposed them. 

We have made experiments with cotton-waste and cottonseed oil mixed with petroleum oil, and have found that cottonseed oil 
mixed to the amount of 25 per cent. with 75 per cent of petroleum oil will take fire spontaneously ; so it seems that although spontaneous 
combustion is retarded in a great degree, it is not entirely prevented, even by a pretty large admixture of petroleum oil in the case of 
such oils as cottonseed and linseed, which are peculiarly prone to oxidation. When we came to take lard oil a careful experiment was made, 
which showed that 33 per cent. of petroleum oil (for this purpose what is commonly called spindle oil was taken) mixed with 67 per cent. 
of Jard oil would not undergo spontaneous combustion at the temperature at which the experiment was made; whereas with 32 per cent. 
it did undergo spontaneous combustion. It would be very desirable to carry out these experiments to that degree of nicety in all cases, 
but you can easily see, when we are obliged to expose these oils to long-continued heat, and have an apparatus which must be isolated 
from the wood work around, we cannot have a great many of them going on at a time, and an experiment lasts from six to eight hours. 
Generally it takes to finish up one of these experiments on spontaneous combustion six hours. Some of them will take fire in three hours, 
but the heat does not’ accumulate enough with most until they have been kept in the oven for five or six hours. A great deal remains to 
be done in this line. * * * We all know cottonseed oil is one of those oils we have to fear, and it happens to be one of those whose 
spontaneous combustion cannot be prevented by a slight admixture of petroleum oil. But the experiments of Dolfus(a) and Coleman 
(b) were correct, it seems. We had no reason to doubt they were correct, but the experiments we made were made at a little higher 
temperature; and although the oil, mixed in the proportion of 70 parts of oil and 30 of petroleum oil, may not take fire spontaneously 
when the temperature is maintained at 110° F., yet it may when it is maintained at 190° F.; and, of course, cotton-waste is liable to be 
exposed sometimes to a steam heat, and a steam heat may range up to 300° F., so that even when the oils are mixed with petroleum 
oil there is danger. Still, itis a fact that the admixture of even 10 per cent. of one of the heavy petroleum oils does diminish very much 
the tendency to oxidation or to spontaneous combustion, and that is a fact, of course, of immense importance. * * * We have tried 
the different animal and vegetable oils, some of them mixed with larger or smaller proportions of petroleum, but that investigation is 
still unfinished. 


ee 











a Bull, Soc, Ind. de Mulhouse, 1876. bC.N., xxx, 147; W. B., 1871, 1874, 1875. 
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SECTION 6.—FLUIDITY. 


There is another matter which might be of some importance, but we have not been able to deduce from our trials any data of 
practical value; that is, the relative fluidity of the oils. There is a wonderful difference in this respect, and we found all the lighter oils, 
that is, the lighter paraffine and spindle oils, are very much more fluid than the sperms of corresponding specific gravity. The specific 
gravity and fluidity have little relation to each other; there is some, but no exact correspondence. (a) The mode of experiment for this 
purpose is to take a small pipette, of which the globe holds about a cubic inch. The globe is filled by sucking the oil up to the neck, and 
the liquid is then allowed to flow out through a very small aperture thirty-seven thousandths of an inch in diameter, and the time of flow 
is noted. The experiments must be made in a room which is kept at a uniform temperature. 

In this way ran out— 
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Castor, over two hours. 


There is another point which we would like to draw some deductions from if we could, but so far we have not found any particular 
law. If we immerse wicks in these oils, or filtering paper, which amounts to the same thing, of course, the distance which the oils will 
ascend or be carried up by capillary attraction is a matter depending on the fluidity of the oil, and this does not seem to have any exact 
relation to the flowing out through a small aperture. It is contrary to what I should have expected. * * * 


SECTION 7.—CHEMICAL TESTS. 


There have been various chemical tests proposed from time to time for oils, but in our investigation we were obliged to go on the 
supposition that almost nothing had been done, from the simple fact that the oils which have been experimented on in former times, in 
France particularly, have been mixed, and oils which are no longer in use.(b) We have experiments relating to the adulterations of olive 
oil and linseed oil and rape, but those adulterations are out of fashion, and they used certain tests which give comparative indications ' 
only; there is nothing absolute abont them. One of these tests is nitrate of mercury, which acts simply from containing in solution a 
certain quantity of nitrous acid. Another test is strong oil of vitriol, and another is caustic soda, and another is chloride of zinc. We 
can get very little aid or comfort from these old experiments. The nitrate of mercury test is of some treuble to carry out. And finally a 
very much better fluid has been invented by Jules Roth. He used a fluid which absorbs nitrous acid in considerably larger quantities 
than nitrate of mercury, and which could be kept for a considerable length of time. It is made by passing nitrous fumes, formed by acting 
on lumps of iron with nitri¢ acid, into sulphuric acid at 46° B. The charge up of the acid takes some eight, ten, or twelve days. Itisa 
slow operation, but when it is well carried out you get a greenish or bluish liquid, which has a wonderful effect on some oils, and 
although there is nothing absolute to be learned by this, it gives comparative indications of great value. It seems that all those oils that 
oxidize readily are not effected by this test, whereas those that keep better, that are not so prone to grow rancid, will thicken and 
become quite hard when tested with it. 

In making these experiments we generally take a small wine glass and put in a little of the liquid and about the same amount of 
the oil that is to be examined, and then they are whipped together and allowed to stand for some time. If the oil is a good one, one 
that doesn’t oxidize readily, we shall find that the product is very stiff; even if you turn it upside down very little liquid will come out, 
and it is wore like wax or tallow than the original oil. The sample I have.in my hand is olive; this is good olive oil, and you may see 
from the appearance of this that I find considerable difficulty in pushing a rod into it; it isas stiff as beef tallow. Good olive oil will do 
this, but if adulterated with even 1 per cent. of these other oils the product is softer. Olive oil hardens very readily indeed, and good 
lard oil also hardens with promptness. This is a specimen of lard oil; I can push the rod through this without very much trouble. Here 
is one that is mixed with 5 per cent. of petroleum. You will observe on comparing these two that the petroleum oil has undergone such a 
change that it is colored yellow. The color indicates something. Here the lard oil is thoroughly white and will remain so; whereas if 
there is an admixture of petroleum oil, however little, it will be pretty sure to turn yellow, and the product is softer than the other. I 
have here another which is a mixture of cottonseed and olive oil. Here you see a perfectly fluid oil; there is a little thickening from 
the acid below, but it still remains in a fluid condition; and this contains one-third of cottonseed and two-thirds of olive. By taking 
great pains we can distinguish 5 per cent. of admixture very well. 

These, of course, for illustration, have been exaggerated a little bit. That is, I have taken larger quantities than would be necessary 
if I were going to make an exact trial to determine how much can be used without interfering with the fluidity. I have here a mixture of 
lard oj] with 20 per cent. of cottonseed that has thickened, but not very much. Now, when we take this same test and apply it to rape- 
seed oil, it remains perfectly fluid. Of course rape-seed oil, were it mixed with olive or lard oil, would diminish the consistency of the 
product very much indeed. Here is neat’s-foot oil. One would suppose it would be very much like lard, but it is not; it remains fluid 
without the oxidation surface or crust. This hardening usually takes place in the course of six or eight hours. The best way is to let them 
stand and watch them and see at what rate the hardening goes on. If you find one hardens in four hours, you will find that it is a pretty 
good elive or lard oil; if it is six hours, it may be mixed; if it is eight hours, it is more likely to be mixed, and sometimes it is necessary 











a An oil distilled from California malthas of a specific gravity of 16° B. flowed like an essential oil.—S. F. P. 
b This statement of Professor Ordway explains why the investigations that have been made prior to the last few years are of so little 
value at present. 
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to let them stand until the next day; then we have a little hardening.(a) In the case of petroleum oils we have a very peculiar effect. 
Here is one of them: it has become very highly colored; the ‘petroleum oil itself becomes colored, and the fluid below becomes colored, and 
we can distinguish it by this discoloration. And there is another test, too, Whenever you have whipped up a petroleum oil with this liquid, 
and have let it stand for some hours, ten or twelve hours, there will be a matter like this sticking to the rod; a waxy, sticky substance, 
something that is neither oil nor wax; it is not paraffine ; precisely what it is I don’t know; it is a matter which still remains to be 
investigated. All of the petroleum oils that we have examined, without exception, I think contain more or less of the matter which gives. 
this precipitate, and the heavier the oil the greater the amount of the precipitate ; but even the light spindle oils and kerosene itself will 
show a definite coating on the rod or else a definite coating on the surface of the liquid itself. We have here a test in Roth’s liquid, which. 
is a very good indication of something. We cannot say positively when we have an oil hardened in this way what the oil is, but we can 
say what it is not, and that sometimes is.a very important. thing. If it purports to be so and so, we can see whether it is so and so or 
something else. * is 

Mr. ATKINSON. I should like to put one question at this point to Professor Ordway that I think is important. I believe you have 
reached the conclusion in respect to the amount of that gummy substance in a petroleum oil that it largely serene on the point to which 
the distillation has been carried, and that the double distilled and refined oils contained the least ? ~ es 

Professor ORDWAY. That is so; there are specimens here to show that. There is one here which has been distilled once, and another 
which has been distilled twice. It Gaanot be seen across the room ; but if any one examined these closely he will see that the precipitate 
on the surface of the liquid below is greater in one case than in the other, and the discoloration is about the same. 

Mr. ATKINSON. I think I am also right in asking you whether or not that is not the substance which probably causes the staining 
of the cloth and the varnishing of the windows and of the polished parts of the machinery ? 

Professor ORDWAY. It may be thatsubstance. Ishould not be willing tosay positively it is until we have made further experiments. 
This is a subject which has not been investigated, I believe; and it is quite important that we should spend time and find out what it, 
is. Itis something objectionable, it seems tome. It is said by some of the manufacturers of paraffine oil that a little of this in an oil 
does no harm ; but that is not a point we should take for granted. While it may not do any harm in respect to lubrication, it may have 
something to do with the staining. Here is a substance which is got on oxidation. It has kepton turning brown, and that brownness. 
may go on to a certain point where it will effect a permanent stain on the cloth. I am reasoning theoretically, but I think there are good 
grounds for saying, if an article of this sort is allowed to stain cotton or wool, and allowed to remain for some time, this substance will 
become precipitated and go on oxidizing and make a permanent defect. Thisis a point which it is very desirable to have further light 
on; and we can only get at it by a long series of trials, for the amount which we get of thisis not very great. This is a body which is 
carried forward by the vapor; for all vapors have a great carrying power, and although the boiling point of this substance is probably 
very high when oils are distilled, a little is carried forward even by kerosene itself. 

There are other chemical tests which so far we haven’t had the time really to carry out. * * * Among other things it would be 
desirable to find out something by saponification, and experiments in saponification areslow. We generally have to boil for ten, twelve, 
or even fifteen hours; and, when you undertake to saponify a dozen oils, you see it would take a good many individuals to carry on those 
experiments in a short time. * * * There has one thing turned up which I was not aware of before: that sperm oil does not saponify 
readily. Wehavetaken pure sperm oil, and we find it is exceedingly difficult to saponify more than 47 or 48 per cent. of it. I mention 
this because some might be tempted, after making an experiment of this sort on an oil of an unknown origin, to think it was not a sperm 
oil. This peculiarity arises, I suppose, from a difference in the composition of sperm from other oils. Precisely what it is I don’t 
know, because there has been very little written on the subject of sperm oil; and it opens up, unexpectedly to me, a new field for 
investigation, andI think the character and quality of sperm oil ought to be investigated by scientific men. Here is this fact which is 
admitted by a great many people: that sperm oil, of all the animal and vegetable oils, is the best lubricator. Itis not because it contains. 
more oleine, but it is something in the character of the oleine. After we have eliminated all the spermaceti, we get a peculiar oil which is 
different from the other animal oils, but I think it is sui generis. Wehave saponified a great many of the oils. Those which saponify with 
most ease are lard oils. Neat’s-foot saponifies pretty readily. When we take those that are mixed with petroleum, we can saponify all 
the way from 5 per cent. up, according to the proportion of the petroleum. I am not able at present to give any particular directions. 
about saponification, for this is a matter which requires to be understood so as to present it to people in ordinary life, and I think it can 
be made a very good test of the character of oils, but in order to do it there must be a great deal of experiment. * * * At present all 
I can say is, a good many of the oils we have examined saponify very readily ; and these turn out to be, according to the descriptive lists, 
lard oil or something similar to lard oil. There are a good many of them which didn’t saponify at all; and, on reference to descriptive 
lists, they are found to be paraffines. 

When the oils are poured on a brass plate and allowed to run slowly down for a length of time some of them get quite green; they 
color the brass; they are decidedly acid in their character. In looking over these results I noticed that all the oils which are acid are either 
sperm or neat’s-foot, and all of the sperm—I mean all those that purport to be sperm and neat’s-foot—are acid in their character, whereas 
the other (the petroleum oils) don’t show any acid reaction. (b) 


Following the close of Professor Ordway’s remarks, Mr. Edward Atkinson and the professor engaged in a 
discussion of the practical value of the flashing and evaporation tests as applied to lubricating oils. The following 
is a summary of their conclusions: The flashing point is no indication of the lubricating power of an oil, but has an 
important bearing on insurance. No oil should be used about a manufacturing establishment that “ can diffuse from 
the bearings an explosive vapor into the atmosphere”. While there are some manufacturers of oils that can be 
depended upon, it is found that oils purporting to come from some others differ widely in quality. Several specimens 
of oil having the same name differ greatly in flashing point and other characteristics, yet the price remained about 
the same, and was evidently intended for the same article. While it appears to be difficult for unskillful manufacturers 
to prepare oils of uniform quality, there are others whose product varies but slightly, and it was somewhat remarkable 
that some of them having the low flashing point were high-priced, while others having a low flashing point were 


a I have quoted Professor Ordway fully, although the text does not relate to petroleum, because of the great value of his experi- 
ments. 

b This long quotation, reported from an extemporaneous lecture, and consequently soméwhat diffuse in style, has been intreduced 
here as the best statement of the subject treated that has yet been made public.—S. F. P. 
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among the lowest-priced oils on the market. It was found that many of the best managed corporations, ignorant of 
their true character, were using oils with a high flashing point. But, in addition to the element of safety from the 
use of these oils, which rapidly evaporate, is found the question of profit. 


The cost of oil per 1,000 pounds of cloth of about No. 33 yarn, in mills in which there is no reason in the character or kind of 
machinery for a variation exceeding 25 per cent., appears to vary from 68 cents to $258 per thousand, while the quantity used varies 
from 1.03 to 3.36 gallons per 1,000 pounds. It does not appear that this variation has any particular connection with the price of the 
oil. * * * But since we have begun to compare the results of the tests of evaporation and flashing point a very distinct relation of 
these tests to the actual cost of oil per 1,000 pounds of cloth is foreshadowed, and if we can establish this rule a great point will have 
been gained. 


The following striking illustration is given of the probable effects of the use of a lubricating oil from which 
the volatile material had not been completely removed: (a) The fire caught in the basement and communicated 
with striking rapidity with a weaving-room up one flight of stairs in which woolen fabrics were being woven and 
in which there were ‘‘no peculiarly combustible conditions”. The flames flashed instantly from one end of the room 
to the other, striking like a stroke of lightning the gas-meter, placed on a shelf some six or eight feet from the floor 
at the farther end of the room, melting all the solder, and dropping the connecting pipes from the meter, while a 
towel that was hanging 2 feet under it was not scorched. The wool oil and the lubricating oil being both examined, 
the former was found to be pure lard oil, while the latter was one which had evaporated from the evaporation 
plate completely in five days. There was an oil on those bearings in that woolen weaving-room that did evaporate 
with extreme rapidity ; there was a fire that flashed through the room giving the appearance of flames. Of course 
evaporation is waste, and is not only injurious, but unprofitable. 

The following paper, upon the “Separation of Hydrocarbon Oils from Fat Oils”, by Alfred H. Allen, is given 
here as the latest and best English contribution to the literature of this subject: (b) 


The extensive production of various hydrocarbon oils suitable for lubricating purposes, together with their low price, has resulted in 
their being largely employed for the adulteration of animal and vegetable oils. The hydrocarbons most commonly employed for such 
purposes are: 

1. Oils produced by the distillation of petroleum and bituminous shale, having a density usually ranging between 0.870 and 0.915. 

2. Oils produced by the distillation of common rosin, having a density of 0.965 and upward. 

3. Neutral coal-oil, being the portion of the products of distillation of coal-tar boiling at about 200° C., and freed from phenols by 
treatment with soda. 

4, Solid paraffine, used for the adulteration of beeswax and spermaceti, and employed in admixture with stearic acid for making 
candles. 

The methods for the detection of hydrocarbon oils in fat oils are based on the density of the sample, the lowered flashing and boiling 
points, the fluorescent characters of the oils of the first two classes, and the incomplete saponification of the oil by alkalies. The taste 
of the oil and its odor on heating are also useful indications. 

If undoubtedly fluorescent, an oil certainly contains a mixture of some hydrocarbon, but the converse is not strictly true, as the 
fluorescence of some varieties of mineral oil can be destroyed by chemical treatment, and in other cases fluorescence is wholly wanting. 
Still, by far the greater number of hydrocarbon oils employed for lubricating purposes are strongly fluorescent, and the remainder usually 
become so on treatment with an equal measure of strong sulphuric acid. 

If strongly marked, the fluorescence of a hydrocarbon oil may be observed in presence of a very large proportion of fixed oil, but if 
any doubt exists the hydrocarbon oil may be isolated. As a rule, the fluorescence may be seen by holding a test-tube filled with the oil in 
a vertical position in front of a window, when a bluish “bloom” will be perceived on looking at the sides of the test-tube from above. 
A better method is to lay a glass rod, previously dipped in the oil, down on a table in front of a window, so that the oily end of the rod 
shall project over the edge and be seen against the dark background of the floor. Another excellent plan is to make a thick streak of 
the oil on a piece of black marble or glass smoked at the back, and to place the streaked surface in a horizontal point in front of and at 
right angles to a well-lighted window. (¢) Examined in this manner, a very slight fluorescence is readily perceptible. If at all turbid, the 
oil should be filtered before applying the test, as the reflection of light from minute particles is apt to be mistaken for true fluorescence. 
In some cases it is desirable to dilute the oil with ether and examine the resultant liquid for fluorescence. An exceedingly small amount 
of mineral oil suffices to impart a strong blue fluorescence to ether. 

The quantitative analysis of mixtures of fat oils with hydrocarbon oils has till recently been very uncertain, the published methods 
professing te solve the problem being for the most part of very limited applicability, and in some cases wholly untrustworthy. 

When the hydrocarbon oil in admixture happens to be of comparatively low boiling point, it may often be driven off by exposing the 
sample to a temperature of about 150° C., but the estimation thus effected is generally too low, and often quite untrustworthy. 

When it is merely desired to estimate approximately the proportion of hydrocarbon oil present, and not to isolate it or examine its 
exact character, Kcettstorfer’s titration process may be used, as suggested by Messrs. Stoddart. But the best and most accurate method of 
detecting hydrocarbon oils in, and quantitatively separating them from, fat oils, is to saponify the sample, and then agitate the aqueous. 
solution of the soap with ether. (d) On separating the ethereal layer and evaporating it at or below a steam heat the hydrocarbon oil is 
recovered in a state of purity. 

Either caustic potash or sodamay be employed for the saponification, but the formeralkali is preferable, owing to its greater solubility 
in alcohol and the more fusible character of the soaps formed. A convenient proportion to work with cousists of 5 grms. of the sample 
of oil and 25¢. ¢. ofa solution of caustic potash in methylated spirit, containing about 80 grms. of KHO per liter. Complete saponification 





a In this case the volatile oils appeared to constitute the bulk of the lubricator used. 
b Oil and Drug News, October 18, 1881. Read at the 1881 meeting of the British Association. 
c ‘Either of these plans is infinitely superior to the polished tin-plate usually recommended. In short, the background should be 
lack, not white.” ; 
d “According to my experience, treatment of the dry soap with ether, petroleum spirit, or other solvent is liable to cause error from: 
solution of the soap itself, if much hydrocarbon oil be present. ” 
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may usually be effected by boiling down the mixture in a porcelain dish, with frequent stirring, until it froths strongly. In the case of 
butter, cod-liver oil, and other fats which undergo saponification with difficulty, it is preferable to precede this treatment by digestion of 
the mixture for half an hour at 100° C. in a closed bottle. After evaporating off the alcohol, the soap is dissolved in water, brought to a 
volume of 70 to 80 c.c., and agitated with ether. The ethereal solution is separated, washed with a little water, and carefully evaporated 
The agitation with ether must be repeated several times to effect a complete extraction of the hydrocarbon oil from the soap solution. 

The foregoing process has been proved to be accurate on numerous mixtures of fat oils with the hydrocarbon oils. The resalts 
obtained are correct to within about 1 per cent. in all ordinary cases. In cases where extreme accuracy is desired, it is necessary to 
remember that most, if not all, animal and vegetable oils contain traces of matter wholly unacted on by alkalies. In certain cases, as 
butter and cod-liver oil, this consists largely of cholesterin, CosH,0. (a) The proportion of unsaponifiable matter soluble in ether, which is 
naturally present in fixed oils and fats, rarely exceeds 14 per cent., and is usually much less. Sperm oil, however, constitutes an exception, 
yielding by the process about 40 per cent. of matter soluble in ether. (b) This peculiarity has no practical effect on the applicability of the 
process, as sperm oil, being the most valuable of commercial fixed oils, is never present without due acknowledgment of the fact. 
Spermaceti and the other waxes yield, after saponification, large percentages of matter to ether, and hence the process is not available 
for the determination of paraffine wax in admixture with these bodies, though it gives accurate results with the mixtures of paraffine and 
stearic acid so largely employed for making candles. The following figures, obtained in my laboratory by the analysis of substances of 
known purity and of mixtures of known composition, show the accuracy of which the process is capable. The process was in each case 
on about 5 grms. of the sample in the manner already described. 

The results are expressed in percentages: 
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* These experiments were not made strictly by the same process as the majority. 


The following table indicates the general behavior of the constituents of complex fats, oils, and waxes when the aqueous solution 
of the saponified substance is shaken with ether: 


Dissolved by the ether. Remaining in the aqueous liquid. 
Hydrocarbon oils; including— Fatty acids. 
Shale and petroleum oils. | 
eeeaetl Hee Pee in combination with the alkalies used. 
Paraffine wax and ozokerite. Carbolic and 
Vaseline. c Cresylic acids. 
Neutral rosins. 
Unsaponified fat or oil. Glycerol (glycerine). 


Unsaponifiable matter; as cholesterin. 
Spermyl alcohol; from sperm oil. 
Cetyl alcohol; from spermaceti. 
Myricyl aleohol; from beeswax. 


The hydrocarbon oil having been duly isolated by saponifying the sample and agitating the solution of the resultant soap with ether, 
its nature may be ascertained by observing its density, taste and smell, behavior with acids, etc. 





a ‘‘The process affords a very rapid and simple means of isolating cholesterin. Thus, on dissolving the traces of unsaponifiable matter 
left by butterin a little hot alcohol, and allowing the liquid to cool, abundant crystals are deposited, which may be identified as cholesterin 
by their microscopic and chemical characters. A sample of butterine gave no cholesterin.” 

b “Tam investigating this interesting fact, and have obtained full confirmation of Chevreul’s observation that sperm oil when saponified 
yields a peculiar solid alcohol instead of glycerine. It is distinct from cetyl alcohol, and distills, apparently without decomposition, at a 
very high temperature.” 

c ‘In a previous research I found that carbolic and creslyic acids were wholly removed from their ethereal solutions by agitation with 
caustic soda.” 
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SECTION 8.—PRACTICAL RESULTS OF THE INVESTIGATIONS OF PROFESSOR ORDWAY. 


In a circular issued in 1880 Mr. Edward Atkinson treats the subject of oil as follows: 


In the two years and little more that have elapsed since the question was taken up for the mere purpose of abating some of the 
dlangers of fire the following changes have occurred. * * * In 1878 a request made for information was responded to by the managers 
of one hundred mills, who gave the quantity and price of the oils used for lubrication, the pounds of cotton goods manufactured in 
preceding periods of six or twelve months, and other data. These returns were compiled, and it appeared that in fifty-five mills, operated 
on about the same fabric, and among which there was no good reason for a variation of over 20 per cent. either in cost or quantity of oil 
used, the actual variation was about 350 per cent. It will also be remembered that a large portion of the waste of oil consisted in 
evaporation, whereby the atmosphere was sometimes charged with combustible vapors, by which some fires that might otherwise have 
been easily subdued were made very dangerous. It was for the special purpose of discovering the facts in this particular matter and 
applying the remedy that the inquest was first entered upon. 

It is a great satisfaction to be able to state that within the first year after we agitated this subject a settlement was made in a patent 
lawsuit, the principal manufacturers of lubricating oil agreeing to pay aroyalty for the right to use superheated steam in their preparation, 
and by that or other methods a great change for the better was made. The volatile and dangerous oils do not now appear to be upon 
the market, or, at any rate, are apparently no longer offered to members of our company to any extent. They are very easily detected 
and avoided; and we still stand ready to examine any and all samples, and to inform all our members of the names of dangerous oils, 
-and to warn them against the vendors. 

Very soon after the change in the process of manufacture a sharp competition ensued in the sale of good oil, and a considerable 
reduction of prices followed. 

The change in practice has been very great during the last two years. We have lately called upon the same mills that gave us data 
in 1878 to make a similar return for six or twelve months ending in 1880, and have received answers from 78. 

From the 78 returns we get the following results: 

The product of cotton goods in these mills for a period averaging 87; months prior to June 30, 1878, was 102,874,748 pounds, or 
12,653,720 pounds per month. For a period averaging 8,4, months prior to June 30, 1880, it was 110,166,595 pounds, or 13,550,620 pounds 
per month. Increase in product, 7.09 per cent. The quantity of oil used in the first period was 176,766 gallons, or 1.72 gallons to each 
10,000 pounds cloth. In the second period, 173,481 gallons, or 1.57 gallons to each 10,000 pounds cloth. Decrease in the consumption of 
oil, 8.72 per cent. The cost of oil and grease for lubrication in the first period was $103,162 25, or $10 03 to each 10,000 pounds cloth. 
In the second period, $73,482 71, or $6 67 to each 10,000 pounds cloth. Decrease in the cost of lubrication, 33 per cent. 


If the cost of lubrication had been $10 03 for each 10,000 pounds in 1880, the gross sum would have been. $110, 497 19 
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See eR ORL As TT TOUNU DOULA. censuses 5. tone wal plex tn tien dann sakes dclecdcpade paves csiecedecsneenes 55, 000 00 


The above seventy-eight mills represent an annual consumption of 400,000 bales of cotton, which constitutes about 30 per cent. of 
the consumption of the cotton factories insured in this or in other mutual companies. If the decrease of cost in these mills represents an 
average of the whole, the lubrication of machinery in cotton-mills insured by us costs $180,000 less annually than it did at the time this 
investigation was entered upon. The change has been computed first on fifty-three, then on sixty-five, and last on seventy-eight mills, 
‘with substantially uniform results. We may therefore infer a general rule. 

Of course we cannot claim all this saving as the direct result of our work, because there has been a great decline in the prices of 
oils, ranging from 10 to 40 per cent., except so far as that reduction may be attributed to this investigation. One of the largest dealers 
to whom these figures have been submitted attributes two-fifths to the reduction of price, and the remainder to the saving of waste 
-and to the more general use of a uniform quality of fine mineral, or so-called paraffine oil, at a substantially uniform range of prices, 
in place of a considerable use of mixed oils under fancy names, and at all sorts of prices. In comparing particular cases, we find this 
view confirmed; but, if we may not assume so much of the savings as would amount to three-fifths, or $100,000 a year, yet we may 
fairly claim, as the direct result of changes made in consequence of this investigation, a sum equal to all the losses and expenses of this 
company for the two years that have elapsed since our work began to have an influence, especially an influence on the manufacture of oil. 


SEcTIOoN 9.—DETERMINATION OF THE VALUE OF LUBRICATING OILS BY MECHANICAL TESTS. 


During the discussion that followed the lecture given by Professor Ordway, previously quoted, Mr. Edward 
Atkinson remarked as follows : 


I will now say, also, that inasmuch as we have obtained three frictional machieretes American and one English—all of which 
may prove unsuitable, it has occurred to us to establish the rule of lubricating power on spinning-frames actually in operation by the 
application of thermometers to every spindle. * * * Three small frames have been provided, which are to be started and operated 
with full bobbins, and with thermometers applied to the steps and bolsters; we will then use the different oils upon them, and see if we 
ean establish by the ratio of heat evolved any rule as to the lubricating power of each’oil. In a rough-and-ready way we have applied 
that test to the shaft of the elevator in our office building, and there are several results that have been obtained that prove that there is 
a very simple method available to almost anybody. I caused some thermometers to be prepared, and mounted them in copper cartridges 
filled with water, and then had the journal-box of the shaft bored, and one of these thermometers placed so as to rest against the shaft 
as it is in use, and then hung another one in precisely the same way alongside. 

The first shaft that we tried was belted both ways, and had no serious bearing upon its journal. The second shaft is the principal 
shaft operating about four hundred turns, and working the elevator with the belt bearing down upon it. Under the first oil we tried the 
shaft heated about 30° F. In hot days, when the atmosphere of that room was at 100°, the shaft showed 128° to 130°. We then tried some 
light spindle oil which we didn’t think fit for a heavy-bearing oil, yet that carried the heat down about 10°. We then tried some plumbago 
mixed with paraffine by Mr. Toppan; it was very difficult to get it on, but that worked it 10° cooler than the first oil. We then tried 
another oil, which heated so rapidly that we took it off at once; we didn’t dare to run it. We then tried another and got down to 17° 
above the temperature of the room. It is averysimple matter; * * * andIthinkit will prove a good way for testing oils on a bad 
vearing, which almost every man has somewhere in his mill. 
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The management of the further mechanical tests was placed in the hands of Mr. C. J. H. Woodbury, of Boston, 
who embodied his results in a paper read before the annual meetings of the American Society of Mechanicak 
Engineers and the American Association for the Advancement of Science for 1880. The following abstract of this: 
paper, which presents results which “have been accepted as a long step in advance of anything ever attained. 
before”, is introduced here with the permission of the author: (a) 


The resistance existing between bodies of fixed matter, moving with different velocities or directions, presents itself in the form ot 
a passive force, which results in the diminution or the destruction of apparent motion. Modern science has demonstrated that this. 
destruction is only apparent, being merely the conversion of the force of the moving body into the oscillation of the resisting obstacle, 
or into that molecular vibration which is recognized as heat. Direct friction refers to the case where the two bodies are in actual contact, 
and mediate friction where a film of lubricant is interposed between the surfaces, and it is this which applies to nearly every motion in 
mechanics where bodies slide upon each other. The coefficient of friction is the relation which the pressure upon moving surfaces bears to- 
resistance. * * * Inthisreport of my work upon the measurement of friction of lubricating oils I shall restrict myself to a description 
of the apparatus designed especially for the purpose, the method of its use, and the results obtained with a number of oils in our market. 
which are used for lubricating spindles. Previous trials of nine different oil-testing machines in use showed that none of them could 
yield consistent duplicate results in furnishing the coefficient of friction. The operation of these machines, by their failure to obtain 
correct data, adduced certain negative evidence, which established positive conditions as indispensable in the construction of a machine- 
capable of measuring the friction of oils. The following circumstances must be known or preserved constant: Temperature, velocity, 
pressure, area of the frictional surfaces, thickness of the film of oil between the surfaces, and the mechanical effect of the friction. In 
addition to the foregoing conditions, the radiation of the heat generated by friction must be reduced to a minimum, and the arrangement 
of the frictional surfaces must be of such a nature that no oil can escape until subjected to attrition. To measure the frictional resistance: 
at the instant of a given temperature, and at a time when both temperature and friction are varying, requires a dynamometer which is. 
instantaneous and automatic in its action. 

The apparatus consists of an iron frame supporting an upright shaft, surmounted by an annular disc made of hardened tool steel.. 
Upon the steel disc rests one of hard bronze (composed of the following alloy: copper thirty-two parts, lead two parts, tin two parts, 
zine one part) in the form of a cylindrical box. Water is fed in at one side, and a diaphragm extending nearly across the interior produces. 
a uniform circulation before discharge. Although this use of water is original with the writer in the method of its application, its first. 
employment to control the temperature of the bearing surfaces of oil-testing machines is due to Monsieur G. Adolphus Hirn, and is described 
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by him in a paper on the subject of friction, read before the Société Industrielle de Mulhouse, June 28, 1854. M. Hirn, however, confine® 
his attention chiefly to the determination of the mechanical equivalent of heat, as measured by the amount of heat imparted to the 
circulating water, expressed in the work of friction. His investigations of lubrication with this apparatus were confined to the friction 
of lard and olive oils at the light pressure of about 14; pounds to the square inch. Mr. Charles N. Waite, of Manchester, New Hampshire, 
has independently, and I believe originally, made use of water in a friction machine, and has performed good work in the limit of his. 
experiments. 

A protection of wool batting and flannel, to guard the discs against loss of heat by radiation, diminishes the escape of heat to about. 
two degrees per hour, which loss is not appreciable when observations are taken within a few seconds’ interval. A thin copper tube, closed. 
at the Jower end, reaching through the cover, extends to the bottom of the disc; the bulb of a thermometer is inserted in this tube, and 
measures the temperature of the discs; an oil tube runs to the center of the disc, and a glass tube at the upper end indicates the supply 
and its rate of consumption, and also serves to maintain a uniform head of oil fed to the bearing surfaces. The rubbing surfaces of 
both discs were made to coincide with the standard surface plates in the physical laboratory of the Institute of Technology (Bos:on, 
Massachusetts), and their contact with each other is considered perfect. 


a The tables which accompany this paper are not introduced here, They may be found in the proceedings of the American 
Association for the Advancement of Science for 1880, pages 197-221. 
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After this surface was finished the bronze disc was treated with bichloride of platinum, which deposited a thin film of platinum 
upon the surface. Upon the application of the discs to each other the steel dise rubbed off the platinum from all parts of the surface, 
showing the perfection of contact. This nicety of construction enables a film of oil of uniform thickness to exist between the surfaces, 
‘and the resistances are not vitiated by the collision.of projecting portions of the disc with each other. The rounded end of the upper 
-shaft fits into a corresponding depression in the top of the upper disc. This method of connection retains the disc over the proper center, 
sxyet it is allowed to sway enough to correct any irregularity of motion caused by imperfection of construction or wear of the lower disc. 
‘To obtain the desired condition of pressure, weights are placed directly upon the upper spindle. The axes of the upper and lower spindles 
-do not lie in the same straight line, but are parallel, being about one-eighth of an inch out of line with each other. Such construction, 
:giving a discoid motion, prevents the disc from wearing in rings and assists in the uniform distribution of the oil. An arm is keyed 
through the lower part of the upper spindle and engages with projections upon the upper disc. Upon this arm, which is turned to the 
are of a circle, whose development is two and one-half feet, a thin brass wire is wrapped and reaches to the dynamometer, so that the 
tension of the dynamometer is tangential and the leverage is constant for all positions of the upper disc within its range of motion. The 
‘dynamometer consists of a simple bar of spring steel fastened at one end and bent by the pull applied at the other. Its deflection is 
indicated by a pointer upon a circular dial, the motion of the spring being multiplied about eighty times by a segment and pinion. 
“The whole is inclosed in a steam-gauge case. 

When completed, the machine was subjected to a long series of tests with the same oil, to determine the accuracy of the results 
and the best method of procuring them. The operation of the machine under equal conditions with the same oil gives results which are 
.as closely consistent with each other as could be expected from such physical measurements. As an example, four tests of the Downer Oil 
Company Light Spindle at 100° F., and on different days, gave 0.1145, 0.1094, 0.1118, 0.1094: mean, 0.1113. * * * Muchof the irregularity, 
slight as it is, is due to the variable speed of the engine. Concurrent results were obtained under equal circumstances, but the coefficient 
of friction varied, not merely with the lubricants used, but also with the temperature, pressure, and velocity. The results of my own 
experiments on mediate friction do not agree with the laws of friction as given in works on mechanics, but the coefficient of friction 
varies in an inverse ratio with the pressure, as shown graphically in the diagram (page 204). - 

These curves belong to the hyperbolic class of a high degree; but I have not been able to deduce an equation which will answer to 
the conditions of more than one, because the law of the curves is modified by a constant, dependent upon the individual sample of oil 
used, A little difference in the sample would cause a difference in the line of curve. Reference is made to diagram 2, showing the 
coefficient of friction under equal ranges of temperature and velocity, but with a different series of pressures. 


DiacRaM 2.—CURVES SHOWING CHANGES OF COEFFICIENT OF FRICTION UNDER VARYING CONDITIONS. 


Pounds per square inch. 





10 20 .30 40 350 .60 
Coefficient of friction. 


Coefficient of friction at 100° and 500 revolutions per minute: 


Pressure per square inch. Coefficient of friction. 
MSDOUNG sss oc sccces csciecc ace Bene cere oe. ce wate s sec ve clntae deces nea aeleee aeacelecceet se ebodlesiswesisoe sees sis 2 0. 3818 
RCL Neem ete eee tee Nae erate sete eo eittia eer cer eens voile wa c eidicceccciaecec bees Sache eclcweesecesescccmss 0. 2686 
DOUM US Mere ws vc ec clin tee cedeceslice spore De ae eee Na ate Poe sc eam vee CIE Ce Cee eo cb ciieans Caee weed inane 0. 2171 
AM OUNGS pees era's Oh ea sek cas vp plies! Rea oe Ae ee Foe Tyee SY eee NE ee ON ILC wis Slob a ciee disc wae 0. 1849 
CSO EL ctr EE re By) es ee uae Cok ch twin wadomersapiccw coeeledaseuessce sce 0. 1743 


The ratio of the changing coefficient varies with the temperature at which the range of results is taken. 

Friction varies with the area, because the adhesiveness of the lubricant is proportional to the area, and the resistance due to this 
cause is a larger fraction of the total mechanical effect with light than it is with heavy pressures. 

The limit of pressure permitting free lubrication varies with the conditions; for constant pressures and slow motion it is believed 
to be about 500 pounds per square inch, while for intermittent pressures, like the wrist-pin of a locomotive, the pressure amounts to 3,000 
pounds per square inch. It has been stated that about 4,000-foot pounds of frictional resistance per square inch is the maximum limit ef 
safe friction under ordinary circumstances. 
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As the results of this preliminary work indicated that the coefficient of friction varied with all the circumstances, it was necessary” 
to simulate the conditions of specific practical applications to determine the value of a lubricant for such purposes. 

It was decided to begin ‘these investigations with spindle oils, and therefore the machine was loaded with 5 pounds to the square: 
inch and run at about 500 revolutions per minute, as the oil is then submitted to conditions of attrition corresponding to those met with in 
extremes of velocity and pressure, in the case of a Sawyer spindle running at 7,600 revolutions per minute, with a band tension of 4: 
pounds, and the results subsequently given refer only to the friction under these conditions, except when definitely stated to the contrary. 

This particular spindle was selected because, of the 5,000,000 ring spindles in the United States, about 1,500,000 are of this. 
manufacture, and in a large number of the remainder the conditions of lubrication are quite similar. 

In a Sawyer spindle the step measures $ by +4; inch, and receives § of the pull due to the band. If that tension is 4 pounds, 3} 
pounds are transmitted to the step, whose projected area is 7%; square inch. The pressure per square inch is, therefore, 54 (say 5) pounds. 

The diameter of the spindle at bolster is 0.28’, or 0.8976’ in circumference. At 7,600 revolutions per minute its velocity amounts. 
to 6,685’’, or 557 feet, per minute; and the mean area of the discs of the oil machine must revolve at this speed. 


To illustrate, let— 
R = outer radius of disc = 2.656 inches. 


yr == inner radius of disc = 1.435 inches. 
n = radius of circle bisecting the area. 








Fractional ares of ‘annular:dise ==" 3(R?— 1?) occas al UL Sony dee cau soceus seuss ucucene cata seeceeeeamnee (1) 
area of outer: half] a(R? == 'n®) ease se Pa eee cdccccccee cde scene eee eee ae (2) 
Qa(Ri— we) = (R879) ee. Ug ase eee eweuwaes besa ddaciomsadeds nome ca sat (3) 
22? —Qarnt x: . TR wrk ee PEL Ae a ee a ee aee eos vace Gaus on cetewee cen cera (A) 
BRI — Qa a= |) RF 9 use alec a Vee we snag oes amen uads wha Cuas codes. cere eae tee (5) 
nd ss — RA 99 Cass Shekels eek eeadie devaencccel sveceteaseedsoseuten eee (6) 
Sn | RA ao LSS PELE Se ew S a beeen ane eves stume ee ccetlpate scents cn en enme (7) 
n? = RIOR Sey ABER Abe ot) go: oso a cinetonie.s aeleisiaties cian ae ee 
n= Reo «paw aaciecai rac nd ncoe ae eee cae AA CEL as et (9) 
2 
2 2 2 
Length of lize bisecting the area = 2 7n = A pated : ‘ : . ° . : (10) 
=Vimtany Lo PO A ee 
= V2xX 9.87(7.05-+2.11)  . : 5 : , ; (12) 
= V19.74X9.16 : , : , : , ; (13) 
= V7 180.8184 . ; ; ‘ 3 : 4 é (14) 
= 13.45 inches. 
= 1,12 feet. 


To give a desired fractional velocity of 6.685 inches per minute the discs must revolve at 6,685 divided by 13.45 = 497 (say) 500 
revolutions per minute. To recapitulate: By revolving the disc at 500 revolutions per minute, with a pressure of 5 pounds per square 
jnch, the oil is submitted to conditions of attrition corresponding to those in the extremes of velocity and pressure met with in a Sawyer 
spindle revolving at 7,600 revolutions with a band tension of 4 pounds. 

My reason for giving such a detailed statement is, because the value of investigations upon this subject must be measured by the 
precision with which all the conditions are observed. 

The apparatus is used in the following manner to measure the coefficient of friction of oil: After cleaning with gasoline and wiping 
carefully with wash leather, the discs are oiled and run for about five hours, being kept cool by a stream of water circulating through 
the upper disc. From time to time they are taken apart, cleaned, and oiled again. After using any oil, even if the discs are afterward 
cleaned, the results with the oil subsequently used give the characteristics of the previous oil, and it is only after thirty-five to forty-five 
miles of attrition that these results become consistent with each other, each succeeding result, meantime, approaching the final series. 
This seems to indicate that friction exists at the surface of the two discs, between the film of oil acting as a washer and the globules of 
oil partially embedded within the pores of the metal. Ifthe dense bronze and steel retain the oil despite attempts to remove it, how 
much longer must it require to replace the oil in machinery with a new variety whose merits are to be tested? These experiments confirm 
the wisdom of the increasing use of cast-iron for journals, as its porosity enables it to contain and distribute the lubricant. 

When the discs are ready to test the oil the apparatus is cooled by the circulation of water, the flow of which is stopped when the 
machine is started. At every degree of temperature the corresponding resistance is read on the dynamometer. When the thermometer 
indicates a temperature of sixty degrees, the counter is thrown in gear and the time noted. When one hundred and thirty degrees is 
reached, the counter is thrown out of gear and the time noted. This not only gives the velocity of the rubbing surfaces, but the number 
of revolutions required to raise the temperature a stated number of degrees, and is a close criterion of the oil. The coefficient of friction 
is the ratio of the pressure to the resistance, and is deduced in the following manner: 


P = Weight on discs. 

R= Outer radius of frictional contact. 
r =Inner radius of frictional contract. 
N = Number of revolutions per minute. 
W = Reading on dynamometer. 

gy = Coefficient of friction. 


In the friction of annular discs the portions of the surface near the perimeter have a greater leverage than those near the center. 
The mean sum of these moments is found by the calculus. 
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Let e be the radius of any infinitesimal narrow ring or band. Then will— 


Width of band = de : - ; ; : ; : : : ; ; ; : (1) 
Length of band = 27e : . . . . ‘ : : - : : : : (2) 
Area of band = 27ede : ‘ 4 ; : : : ; ; ; ‘ ; = (3) 
Moment of band = 2re%de . : Wt cr, : x : : : ; : : ; (4) 
The expression for the area of an annular disc is 7(R?—7?)_ . < z ; , : ? . (5) 


To express the moment of a ring in terms of an annular surface, divide Eq. 4 by Eq. 5, as follows: 
Qrerde __ 2e%de 2 














RA) Re ms e?de == Moment in terms of disc j A : : : ; é : (6) 
Moment of whole Sos ff ede . ; ; F ! ; : : é: : , (7) 
: P 9 e8 R 
Integration of whole disc rp ae pes é . . . ° ° . . . (8) 
R3—r3 
Substituting the limits R°—”, C ° . (9) 
and calling the work of friction=@P . : 5 : ; . c : . ; - (10) 
3. 
Statical moment of friction of dise = ee) 5 ; - : , = : ; : (11) 
3(R?—7?) 
: Ar@pP(R3—7?) 

Mech sl efeo? == 12 

echanic 3(R2—9) (12) 

: 427 pP(R3—1)N 

Foot pounds at any velocity =———_——___— é ‘ ; : , ’ : : 5 13 

oot poun paralogily reas (13) 

As previously stated, the dynamometer exerts a pull at the end of a lever whose development is 24 feet. 
Resistance of dynamometer = nue oh ee : : (14) 
Resi : ero Ww N 
esistance of dynamometer in foot pounds at any velocity = wk : . - (15) 


Then as the total friction = the resistance of the dynamometer, 


Eq. 13 = Eq. 15 
1.@: 4rpPN(R3—13)__5WN 














3 (R?—7?) ~— 2 
Simplifying we have 
8&2 pPN(R3—r?)=15WN(R?—r?) ! L ; (16) 
8rpP (R8—r)=15W (R2—272). : : ; (17) 
__ 15W{R?— 1) {8% 
? = SzP(RI—?) BM 3 ae, 
5 Te ge Vy 
Separating the constants, @ =P : : A : (19) 
and R = 0.2214 feet 
Teoh tee ee 
R? = 0.01083 R? = 0.0489 
PO OCLT 7. r= 0.0146 
R* — r? = 0.00906, log. 7.9571282 R? — r* = 0.0343, log. 8.5352491 
m = 3.1416, log. 0.4971499 _ (R?—r*)log. 8.5352491 
8 *  0.9030900 15 log. 1.1760913 
9,3573681 9.7113404 
9.7113404 
0.3539723 = 2.259 
2.259W 
P= (20) 
RP 


This equation was solved for each reading of the dynamometer with five pounds pressure on the square inch, and the results 
tabulated in a convenient form for computing the coefficient of friction from the observed results. 
The table on page 208 shows the resistance of friction at 100°, 500 revolutions, for various pressures. 
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RESISTANCE OF FRICTION AT 100°. 


Resistance on Equivalent band 
Pressure, dynamometer. tension. 
pounds. Pounds. 
1 2.62 0.8 
2 3.68 1.6 
3 4.48 2.4 
4 5,28 Sue 
5 DOS re 4.0 


For further detailed results, reference is made to diagram 3. 


DIAGRAM 3.—RESISTANCE OF FRICTION AT DIFFERENT PRESSURES. 
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These results seem to be intimately relevant to the most desirable limit of tension to the spindle-band methods of operating cotton- 
spinning machinery. By weighing the band tension in various mills it was found that the practice of tying bands lacked uniformity. As 
an example of this variation: in one mill the bands of a single coarse frame are reported to vary from 1 to 16 pounds. In another mill, on 
finer work, a number of spindles had a range of from } to 24 pounds, and in a third mill the band tension was between the limits of + to 
5 pounds. The effectof atmospheric changes upon the fiber of textile bands renders it impossible, with the present method of constructing 
frames, to keep them at a uniform tension, but this variation can be reduced by a little care. Is it not worth while for each spinner to _ 
learn the proper band tension required for his special work, and then keep within those limits? The whole power required to run the 
frame would not vary in direct proportion to the varying resistance due to the friction of spindles at various pressures, because the 
resistance of the friction in other parts of the frame connected with the spindles, the actual spinning of cotton fibers, and the alternate 
contraction and expansion of the bands, are conditions which are more nearly constant, and in no case do they vary in proportion with 
the friction of the spindle, yet the variation is large, as shown by the following experiment made with the frame: 

Mr. George Draper, in a communication to the Industrial Record of June 1, 1879, gives the following valuable data on this subject: A 
frame of Sawyer spindles was taken spinning No. 30 yarn, ordinary twist, the front rolls running 95 revolutions per minute. The rings were 
of 12 inches diameter, and the traverse of the yarn on the bobbins 54 inches. The dynamometer was applied, and the power required to 
drive the spindles, with a side pull of the bands averaging 2 pounds to a spindle, was ascertained. The bands were then cut and a new 
set put on with a side pull of 3 pounds per spindle, and the frame tested again, all things remaining as before. The operation was then 
repeated at 4, 5, 6, 7, 8, and 9 pounds side pull per spindle, with the result shown in the following table. 

Calling the amount of power required to drive the spinning frame with— 


2' pounds tension on the bands: .tcac--aslecsceevous -ccons soceee a cleat eccrine dy cen ee ne rein cee amine ce cinae = LOU) 
3. pounds tension on ‘the bands . scccceceres cchacs scoccscrceccccecweas ceeet ena cee ane beer eae eee eRncene aj 
4/pounds tension on the bands ssc scceesass cece cece csccce ycce aces saeee eee ce en eeeehe ce eaten eee neat eine —— Yi} 
5 pounds tension on the bands .¢5 225 eiess toc cenoe soos <n sree sanlecene eae eceah Geren eecepeesecionercctrtae se = 144 
6 pounds tension on the bands.......-.....---- Biweion de code sdbmle sce cls Spee e Man See eee seca coer ees cae =) 159 
7 pounds tension on:the bandssssccs, elec sat cceic cca enema den cece eee See teem C teat omar act cece ete li 
8 pounds tension on the bands....----.....- Pewee hes eoeel cea cues cae se See REE ates seta aon sie se Soearee aay 


9 pounds tension, considerably more than double. 


The lubricant used is one of the most important factors in the cost’of power. In the present condition of engineering science 
it is impossible to state what exact proportion of the power used by a mill is lost in sliding friction, but in a print-cloth mill only about 
25 per cent. of the power is utilized in the actual processes of carding, spinning, and weaving the fiber, not including the machinery 
engaged in the operation, leaving 75 per cent. of the power as absorbed by the rigidity of belts, the resistance of the air, and 
friction. The coefficient of friction, under the conditions submitted by my oil-tester, varies, at 100°, 500 revolutions from 7.56 per 
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cent. in the case of 32° Ex. machinery oil manufactured by the Downer Oil Company, to 24.27 per cent. in the case of neats’-foot oil; and 
the result of this investigation confirms me in the opinion that the successful operation of a spinning frame is far more closely dependent 
upon the individual management in respect to the conditions of band tension, lubrication, and temperature of the spinning-room than all 
other causes combined. Notthat some forms of spindle are not superior to others, but that, without wise supervision, the most desirable 
forms of spindle must fail to show the merits due to the skill of their promoters. It may be stated that, within a close approximation, the 
lubricating qualities of an oil are inversely proportional to its viscosity; that is, the friction decreases with the cohesion of the globules 
of the oil for each other. The endurance of a lubricant is in some degree proportional to its adhesion to the surfaces forming the journal. 
An ideal lubricant in these respects would be a fluid whose molecules had a minimum cohesion for each other and a maximum adhesion 
for metallic surfaces. The viscous oils will also adhere more strongly to metals, and hence, under the conditions of heavy bearings, it is 
obligatory to use such thick lubricants, knowing that the employment of an oil with great frictional resistance is infinitely preferable to 
the attempt to use an oilsolimpid that it could not be retained between the bearings. With light pressures the more fluid oils are 
admissible, and in all cases the oils should be as limpid as the circumstances will permit. Oils with great endurance are apt to give great 
frictional resistance, and in the endeavor to save gallons of oil many a manager has wasted tons of coal. The true solution of solving the 
problem of lubricating the machinery of an establishment is to ascertain the consumption of oil and the expenditure of power, both 
veing measured by the same unit, viz, dollars. 

The fluidity of the oils was measured by the following apparatus: A pipette was placed within a glass water-jacket, where the 
temperature was controlled and kept constant by circulation from a reservoir kept at the desired temperature. The capacity of the bulb 
is twenty-eight cubic centimeters and the orifice measures three and a half inches long and 0.039 of an inch in diameter. 

The oil was drawn into the bulb of the pipette, and after the whole was brought to the desired tempexature the time required for its 
discharge was accurately noted by a stop watch. 

These observations were made on each of the oils for aseries of temperatures varying from 50° to 150° F. 

If the fluidity of an oil is the measure of its lubricating qualities, these observations would not be identical with the frictional 
results, because the pressure in this case was that due to a head of about five inches of oil, or about one-sixth of a pound to the square 
inch and rubbing against a glass surface ; while with the frictional machine the pressure was five pounds to the square inch, and the surfaces 
bronze and steel. 

In both cases, however, the character of the surfaces and the pressures were uniform conditions, and therefore they would not 
affect the relations of either set of experiments in their consistency with each other. If the lubrication and fluidity of oils followed the 
same law of variation with the temperature, the results of one would be directly proportional to those in the other, provided that all other 
conditions were preserved constant. Such comparisons showed that the relations of the fluidity to the lubricating qualities did not follow 
any uniform ratio. 

At a low rate of temperatures the fluidity increased faster than the lubricating quality of the oil; between about 70° and 110° the 
coincidence was quite’close; at higher temperatures the fluidity does not increase so fast as the lubrication. There was not a very close 
correspondence between the fluidity of oils at the same coefficient of friction. 

The result of these investigations upon the relation of fluidity to lnbrication seems to indicate that fluidity is a concomitant rather 
than a cause of the anti-frictional qualities of a lubricant. 

In the case of mining drills operated by condensed air, an intense cold is produced at the liberation of air, and on some such bearings 
kerosene oil is the only lubricant which can be used. I think it extremely probable that at these low temperatures the viscosity of 
kerosene oil is equal to that of lubricating oils at the average temperature of bearings in general use. On the other hand, only the most 
viscous oils can be used in such extremely high temperatures as the cylinder and steam-chest of steam-engines. 

According to the results which I have obtained, the coefficient of friction at 50° is about 75 per cent. in excess of that at 75°, and 
it seems to me that the manager of every mill which is run by steam ought to consider the question of the temperature of the mill in 
early morning during the winter months, whether, as a matter of economy, it is cheaper to warm a mill by increased friction on Monday 
morning, or to keep the mill and machinery warm during the interval from the preceding week. 

The humidity of the atmosphere is an important factor in the mechanical operation of textile machinery, as well as inthe fabrication 
of cotton. A year agolI submitted to the New England Cotton Manufacturers’ Association measurements showing the effects of humidity 
on textile bands, and I am also of the opinion that there is a difference of friction in machinery due to atmospheric influences upon the 
lubricant. 

Possibly the moisture condensed upon the cold metal from the atmosphere becomes commingled with the oil and thereby reduces 
its viscosity, diminishing the friction. 

The question of endurance of oils has not been given in these experiments, because the consumption of oil varies with the 
temperature, and it is proposed to investigate the matter subsequently by running the machine and controlling the temperature of the 
dises to 100° by the circulation of water. The amount of oil consumed could be very easily measured by the difference in the level of the 
glass feeding-tube or the weight of the oil required to preserve it at that level during the experiment. 

In the detailed results the friction is given for the whole range of temperatures, but in the following summary 100° has been 
selected as the temperature which most nearly corresponds to the heat of spindle bearings. 

To ascertain these temperatures, holes were drilled in the rails of a spinning frame, passing as near the bolsters and steps as possible ; 
the bulbs of thermometers were inserted in these holes, and while the frame was in operation 2,586 readings were taken, covering a 
period of four weeks. The temperature of the air was noted from a thermometer placed in the middle of the frame. 

The mean temperature of the bolsters was 8.10° F., and of the steps 6.74° F., above the temperature of the room. 

Other experiments were made to learn the temperature of the bearings of the shafting. Holes about half an inch in diameter were 
bored in the upper cap of such journals, and a thin copper tube, closed at the lower end, inserted and extended nearly to the shaft. This 
tube contained water, and the temperature was measured by a thermometer placed therein. The temperature of the room was measured 
by a thermometer hung near the bearing. There were journals in good running order whose temperature at the frictional surfaces was 
140° F. This method of using thermometers was first suggested by Mr. Edward Atkinson, and I consider it the most accurate test of 
the anti-frictional] qualities of a lubricant at the service of those in charge of machinery. 

Great pains have been taken to procure pure samples of the oils experimented with, and they were obtained directly from the 
manufacturers; and to the courtesy of Mr. Thomas Bennett, jr., I am indebted for a large number of samples of sperm oils which were 
procured by him directly from the whale-ships or refiners. 
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The following table gives the coefficient of friction at 100° F. and 500 revolutions, with a pressure of 5 pounds to the square inch: 








| 
Coefficient 




















No. of Kind of oil. of friction || No. of Kind of oil. of irisbo 
sampln. at 100°, | Sample. at 100°, 
1 Mineral oilis. 2 das histiotes os wed tc we creaies- ae oe ee on ee 0. 1635 100 Mineral ofl s,s .dos\ssite pce shane 23 cetines ane eee er eee 0. 1309 
28 Minoéral. Oils s< oc hiascoe cat Ris sates are mae ae reins settee 0. 1732 3 Toard oon scctie as see ae teeee iia sa cess. eee on ae 0. 2181 
10 Mineral Gil. t53si ace sce ea cce te senke ee ee senn nee See eee 0. 1187 4 Bleached, winter Spovia Aces c<.scks~scc0 vee cdcas anaes 0. 1067 
14-4) Mineralioiliti a. cet ces ycncse deeds cere enc smeeee nee eae aie | 0. 1283 5 Bleached ‘winter sperm Bo. es o.c.anceccccu a 4¢eeaee eee 0. 1217 
19.| Mineral oil s.2 30st. cscs. bance acne ere eee cemsee soot eee c ae’. 0. 1208 6 Bleached winter sperm © con. 30006. becuse --secee seen eeee 0.1170 
q Mineral oil 222. ccc. ces paassiteeie eee eeeens ea eae een eeemend 0. 1118 9 Bleached winter sperm Dc. ccspic cede -aececccteceben aan 0. 0956 
20 Mineral’oil o. ccc 2% nos cues ou dee aheatteee seeiteese et een aias 0. 1132 18 Bleached winter Bperin Bo c..cs cat-wccsces occ eesesc creme 0. 1141 
8 Mineral oii occ.c<ccees os nae cea See ee eee amd toreon serene. 0. 0756 17 Unbleached winter sperm: <. oo... oss sco a-s ce ceases eee 0. 1147 
2 Mineral off S202 esas eee tee e tec seem eee seas 0. 1476 21 Seal oil eyice testes scsrarcerecasca nessa sheeaa eee ree aes 0. 1608 
ll Mineral os... 5505 oo .5. dee teens ee eebe obs oa eee cane es eres 0. 1493 22 Neat’a-foot.. . -:ct0e ss 5. Gee Sante acea ees cee eee eee 0. 2427 
12 Mineral ‘olk. 225225 Bete eB ee ree ie Ee 0. 1201 23 Mixed ‘animal and mineral oil). 2000.05... 2.2 0s. eee 0. 1608 
15 Mineral oli ths sc ABR eee Sate chee metioe Oe etoile 0. 2243 24 Mixed animal and mineral oil..................0scccceecees 0. 1377 
95. |)’ Mineral oil. 9o 5 aealh Joab eee ee eel ee sis Cee mabea on 0. 0973 25 Mixed animal and mineral oil. 2. -2.5.2.22.60..cc0ec-derees 0. 1190 
96 Mineral ofl: {ie dai ge lees) Mate ls cel cae i sees 0. 0950 90 Parafine: Spiess. eet oes eueb cote bese citadel eee 0. 1247 
13 Mineral oil. cree nccautuete me geecee se tincene esas aemewmariatas 0. 1190 92 Paraffine mixed with one-fifth sperm ............-.......-. 0. 1185 
16 Mineral oill:c2 2s. toe secee ee ieee oe ene sas cca cheat pone 0. 1103 93 | _Paraffine mixed with one-third neat's-foot............-...- 0. 13847 
91 Mineral oll getseo. a dees ceed ee poe sins dese «een as 0. 1360 94 Unknown Sperm. .% 024 casas cecdae nae os as cges Susan eee 0. 1397 
98 Mineral ollie, cnc Sec. Sacer ee nce sea teams seeeacemeas 0. 1189 























Chemical examinations of these oils by Mrs. Ellen H. Richards, of the Women’s Laboratory, Institute of Technology: 




















Loss of 
ee ee qvaporetion Nitro-sulphuric acid test. 
at 140° F. 
| Degrees. Per cent. 
10 338 1.3 Dark yellow, with much cake. 
7 314 2.7 Dark yellow, some cake. 
8 284 5.5 Slightly yellow, only a few flakes of cake. 
2 316 3.7 Dark yellow, thin layer of cake. 
11 324 3.9 Slightly yellow, not on brown specks. 
12 318 3.3 Yellow, not a single flake, no solid matter. 
| 15 286 7.2 Turned dark, gives a black layer of gum. 
13 322 1.9 Quite an amount of cake. 
16 282 5.0 Do. 
3 Hi Paes eee eet +0.4 Hardened with much acid to a white solid mass. 
ek eB +0.3 Thickened up a little, like jelly. 
| 


With castor oil the friction was so great as to throw off the belt driving the machine; and as the time alloted for this work expired 
on that day, other arrangements for a wider belt could not be made, and it can only be said that its friction exceeds that of any other 


oil given in these tables. * 


* * 


The anti-frictional properties of these oils under the conditions of these experiments are expressed in the following order: 











mae Kind of oil. 
| 

8 Mineral cc Sa csephsekes idcdete> 1ic% specneeatee 
9 Bleached winter sperm... .....-..5:..2...-.--. 
16: «| Mineral gsc0d; Seep. seciace al wpeet acme 
tf Mineral 2.éi:atie eunccwpde nse ox eeutecare eee 
18 Bleached sperm..... Ranch apisen ses sae onsale 
17 Unbleached sperm < ius cetaceans ssaeese 
13 Minoral. «oo co0 aecaucderee nats ecese anemia 
; 12 Mineral. .cc snjn sem nip as sa mene ames com cicteeainiet 
| 19 Mineral osc) cncenantassen cates ctetis eeerrene rine 
2 TINGral 22 oo parca te se cast cin tee ean eee cee 
21 OHS Sic gla.0cs cnc naenrestan caae steerer ees 
28 MIN OTA Safes as came vce ce vice cane eee 
3 WAI Sopee cic s setae toc eh eek pee es = cee eee 
15 Minerah= 0202 352 5cc-eeacees sae oeeee aoe eee 
22 Went’ s-foots.2.<2334./5 0265 es Sieh ee eee 








Coefficient 
of friction 
at 100°. 


0. 0756 
0. 0956 
0. 1103 
. 1113 
WwAT4 Dy ohe® 
. 1147 
. 1190 
. 1201 
. 1208 
. 1476 
. 1608 
0, 1782 
0. 2181 
0. 2243 
0. 2427 
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It is no disparagement to the qualities of an oil that it is low in the foregoing list, except so far as it relates to the resistance of 


friction under these conditions. 


For circumstances of great pressure and slow motion, I am of the opinion that the order of the list 


would be varied; and if the question of endurance were only to be considered, still another change in the order would be necessary. 
A portion of a lot of unbJeached sperm oil (sample 17) was bleached expressly for these tests (sample 18), but the results of the two 


are so nearly uniform as to be practically identical. 
although it undoubtedly reduces its gumming qualities. 


The result of bleaching does not affect the anti-frictional properties of the oil, 
The friction of sperm oil is subject to sudden variations, which occur at. 
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certain temperatures for the same sample of oil. The explanation of this lies in the fact that sperm oil consists of a large number of 
varieties of spermaceti, each of which is liquefied at certain temperatures, at which the oil is relieved of waxy, or at least gelatinous 
particles, and becomes a more perfect lubricant. * 4 ‘ 

The friction of lard oil for high temperatures exceeds that of any other lubricant in the list; and this adhesive quality enables it to 
remain on tools used for cutting iron. 

In conclusion, it may be stated that the data necessary to determine the safety and efficiency of a lubricant comprise: . 

1. The flashing point of its vaper, which is ascertained by slowly heating a sample over an oil bath, quickly passing a small flame 
over the oil and noting the temperature at which the vapor first flashes. The danger from an oil does not arise from the point at which 
the oil actually ignites, but at the lower temperature, when the inflammable vapor bursts into flames, which communicate fire to a 
distance limited only by the extent of the vapor. 

2. The quantity of such volatile matter is important both as respects safety and value. The heat of friction liberates that portion 
of the oil which is volatile at the temperature of the bearings, filling the mill with a dangerous noxious vapor, and also dissipates in the 
air a portion of the oil which is paid for by the gallon, but does not serve to give any return of value in lubrication. The quantity of 
matter volatile under 140° F. is measured by heating a known weight of oil in a watch-glass and maintaining a constant temperature 
of 140° F, for 12 hours. This simulates the conditions of the temperature of the bearings mentioned previously and the maximum 
time that it would be consecutively heated. In the case of mineral oils the loss from evaporation varied from less than 1 up to 30 per 
cent. With animal and vegetable oils there is a slight gain in weight, due to oxidation. 

3. The tendency to spontaneous combustien is estimated by a uniform amount of cotton-waste smeared with a certain quantity of 
oil. A thermometer whose bulb extends to the center of the mass indicates any rise of temperature due to oxidation. Any gain of weight 
during the preceding evaporation test shows a liability to spontaneous ignition. 

4, Freedom from acid is an important factor in oil, because acid is a cause of corrosion of metals, and will tend to remove the oil 
from the frictional surfaces when adhesion is indispensable. The presence of acids is shown by corrosion of copper. 

5. The anti-frictional properties of an oil can be measured only by direct trial under the desired conditions of pressure, velocity, 
and temperature. The results of these experiments show that a lubricant must have a certain adhesion to the frictional surfaces to 
maintain free lubrication, but beyond that point the adhesiveness of the oil resists the motion of the surfaces, increasing the friction. A 
thick oil gives greater frictional resistance than a thin one; and when ease in running is the object the most limpid oil should be used 
consistent with the specific circumstances of the bearing. In general terms, the specific gravity of an oil gives no indications of its 
value as a lubricant in qualities of viscosity, body, or endurance. * * * 


When this paper was read at the meeting of the American Society of Mechanical Engineers, Professor R. H. 
Thurston spoke as follows: 


Mr. Woodbury in his paper made some reference to the fact that the coefficients of friction, as ordinarily stated, are not found to be 
strictly correct; in other words, that there are no such losses in ordinary practice. Then he has shown you here how seriously the 
temperature of the lubricant affects the coefficient of friction. You will notice that the work done is all at extremely light pressures. 
It is simply due to the pull of the band, and the resultant of that and the resistance of the work of the spindle. It is exceedingly light, 
and it is for that reason that we get what appeared to be extremely high coefficients of friction. In the table exhibited you will see 
that the coefficients run from 74 up to about 20 per cent., the highest figure being lard oil and a spesial grace of machinery oil, 
which are each about 22 per cent. Now, a fact which was not brought out so strongly by the paper as it might have been is, that this 
coefficient is also affected very largely by the pressure per square inch put upon the journal, and what I intended specially to remark 
upon was the fact that these coefficients do not represent the values of the coefficients obtained in ordinary engine work, but are the 
coefficients obtained in extremely light work, as in the spinning-frames of cotton-mills, If we use the same lubricating material, and 
the same surface pressure, rising above that to fifty pounds, we will find the ceefficients come down in value to a fraction of the figures 
given on the scale. Carrying the pressure up to a very common figure, such as we might get with any machine work, of 100 or 200 pounds, 
we will find that the coeflicient is reduced. I have had occasion to make tests of various kinds of oil between various sorts of surfaces, 
and, under varying pressures aud temperatures, up to pressures of 1,500 pounds to the square inch, and for a very short period of time 
2,000 pounds to the square inch, and at temperatures which ran from the ordinary atmospheric temperature to above the boiling point of 
water, and I find that upen the crank-pins of steam-engines, such as are sometimes used on the North River boats, carrying the pressure 
of a thousand pounds to the square inch, instead of a coefficient of friction of 5 per cent. we get one-tenth of 5 per cent.—one-half of 1 
per cent. for the coefficient of friction—so that the field explored by Mr. Woodbury is limited to these extremely low temperatures. They 
do not represent the results as ordinarily obtained, or exceptional results obtained by putting on tremendously high pressures, so that if 
we take the very best of lubricating materials—sperm oil is the best I have ever found for heavy pressures—and put a pressure upon it 
of a thousand pounds to the square inch, then, instead of the text-book coefficients of friction, all the way from 4 to 7 per cent., we get 
figures that run to one-tenth of that amount. I have obtained coefficients of friction with sperm oil as low as one-fourth of 1 per cent. 

The pressure, therefore, at which you are working is one of the very important elements in determining what is to be the coefficient 
of friction to be assumed in design. 

Now, I spoke of this partly as a commentary on this paper and partly as a commentary on that of Mr. Hoadley. Mr. Hoadley shows 
us that we may divide the circumference described by the crank-pin by horizontal and vertical lines, and he calls the upper and lower of 
the two sections of his circumference the work-doing parts of the traverse of the crank-pin, and the end sections he calls the work-using 
sections. 

Now he shows us what is the effect of friction in reducing the efficiency of engines where we put full pressure on the crank-pin at 
either end of the stroke; but it must be observed, as a commentary upon that statement, that these figures are very much smaller than 
we have been accustomed to assume. The friction of the crank-pin in a well-made engine, with a good bronze box, running on good 
steel journals, ought to come down to a fraction of 1 per cent. That being the case, we get the result that Mr. Porter indicated, that the 
loss of power at the two ends of the stroke becomes insignificant, more insignificant than I presume he had supposed. 

A remark was also made by another member of the society upon our determinations of the value of lubricating oils for steam- 
cylinders. In along series of experiments, which I have had occasion to make on lubricating oils to be used in steam-cylinders, I have 
taken oils furnished in the market for that purpose and tested them at the temperature of the steam-cylinder, bringing them up to a 
temperature of 250° or 300°, and some cases 350°, and I found that the value of the oil for lubricating purposes within the steam-cylinders 
is by no means the same as its value for lubricating on the crank-pin and other external parts not subjected to high temperatures, and 
that the oil giving the best results on the crank-pin may give poor results in the cylinder. 

In several cases I have found that oils that were among the best for ordinary use were among the poorest for cylinder work, while 
other oils that were not nearly so good for external use were among the very best for use within the steam-cylinder. So no one can tell 
what is the value of an oil for the purpose to which he applies it uxtil he subjects it to a test under precisely those conditions. 
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Mr. Woodbury presented us with the results of work done under the precise conditions of actual use. He runs the spindles at the 
ordinary speed, and runs them as in ordinary spinning frames, and then measures the friction, and the data he gives are of course absolutely 
reliable as determining the results to be met with under that set of conditions. That is one reason why we may rely so absolutely, I 
presume, upon his results. He has determined under these conditions what is the comparative value of a large number of oils; but I wish 
to renew his caution that we are not to take these results, which represent the relative value of oils for spindles, as representing the 
relative value of those oils for crank-pins or the lubrication of steam-cylinders. Another remark was made in the paper, apparently 
incidentally, that aman may save a considerable amount of money in the purchase of his oils, while losing at the same time a vastly 
greater amount in paying his coal bills, and that leads to the question how are we to determine the money value of these oils? It is 
evident that the value to the dealer is not at all likely to be just its value to the purchaser. The money value of the oil to the consumer 
is something less than the money value of the work that it is going to save him in friction, or the money value of the work that itis going 
to save him in friction added to the money value of the work it is going to save him in repairs and incidental expenses. If you will take 
the trouble to determine the cost of the power in any mill or machine-shop in the country, and then assume a change in the coefficient 
of friction from an average of, we will say, 2 or 3 per cent. to an average of 5 per cent., and see what you can afford to pay for oil that 
will avoid that increase of friction, you will find probably in every case in which you make the calculation that you can better afford to 
pay the highest prices in the market for the best oils than to take as a gift the oils which give you the highest coefficients of friction. 

I took occasion some time ago to work that up in a specified case—that of Mr, Sellers’ shop—I don’t remember now what the figures 
were, but the result was such as to show that we could better pay a good many times the value of the best sperm oil in the market to 
reduce losses by friction than to take the cheapest oils in the market with the increase of those losses, 

The difference between the lowest coefficients and the highest coefficients is about 1 to 3. 

But when you are calculating the cost of the power required to overcome this friction, you will find that even slight differences are 
sufficient to justify you in making your estimate of costs in taking the very highest-priced oil, even if it gives you a very little decrease 
in the coefficient of friction. 


In a circular issued near the close of the year 1880 by Mr. Atkinson, he gives a summary of the results obtained 
in the research conducted by Mr. Woodbury, and remarks: 


Another result of this work has been the invention of the machine on which we can now ascertain the anti-frictional properties of 
any oil with absolute certainty, and by the use of which we have obtained measurements of the coefficient of friction with an accuracy 
and uniformity that have never been approached before. * * * Our machine having been adjusted in velocity and other conditions to 
those of a Sawyer spindle operating at 7,600 turns per minute under a band tension of 4 pounds, it appeared that the difference in 
power required to overcome the resistance of the parts varied as follows: 

The resistance or power required to operate the frictional machine at 100° F., when lubricated with Downer Oil Co. 32 extra 
machinery oil, amounted to 756, and under the same conditions, with the exception of the substitution of neat’s-foot oil as a lubricant, 
the resistance amounted to 2,427, or three and twenty one-hundredths times as much. . 

In respect to the same oil at different degrees of temperature in the bearing, the resistance at 50° is about 75 per cent. in excess of 
that at 75° F. 

In respect to the best oil and poorest lubricant at 100° F., the difference is 321 per cent. 

In respect to a difference of pressure varying from 1 pound to 5 pounds, the difference is 229 per cent. 

By means of experiments applied to a small Sawyer spindle-frame, which could not be reduced to such precise accuracy, but which 
marked the great variations in power according to the greater or less tension of the bands, other results were reached of the same general 
character, fully confirming the above conclusions. 

The general conclusions reached are, therefore, that although, as a matter of course, there must be a marked difference in power 
needed between a well-planned and constructed and a badly-constructed spinning-frame, yet, when it is a question between two well- 
constructed frames, * * * the greatest differences in details (of construction) do not make as much difference in the power required 
as may be made in the adjustment and tension of the bands or in the quality and condition of the oil, and hardly as much as may be 
made by variations in the temperature and condition of the atmosphere and of the machine, or in the quality and condition of the stock in 
use. The uniform tension of the band appears to be the factor of the greatest importance, and the structure of the bobbin of the least, 
provided the spindle is long enough and heavy or stiff enough to keep the bobbin true and to prevent it from springing under the varying 
conditions of the atmosphere. 

In respect to the best quality of oil to be used on spindles—that is to say, the best oil to be used on light bearings at very high 
velocity—a few simple rules may now be laid down dogmatically, so far a8 rules are to be made by experiments on a single machine or 
from laboratory experiments. 

1. A mineral oil that flashes at less than 300° F. does not possess the best qualities for lubrication, and is unsafe in proportion te the 
Jesser degree at which it flashes. 

2. A mineral oil that evaporates more than 5 per cent. in ten hours ata heat of 140° F. is hazardous in proportion to the increased 
percentage of volatile matter, and is also more unfit to be used as a lubricant the more rapidly it evaporates, because the remainder will 
either become thick and viscous, requiring a high heat in the bearing to make it operate at all, or else, if the oil does not contain such a 
residuum liable to become thick and heavy, it will leave the bearing dry. 

3. All the mineral oils—and also sperm, lard, and neat’s-foot oils—appear to reach a nearly uniform coefficient of friction at very greatly 
different degrees of heat in the bearings. Several kinds of the best mineral oils and sperm and lard oils show a uniform coefficient of 
friction at the following degrees of heat: 


TEMPERATURE AT WHICH THE COEFFICIENT OF FRICTION IS THE SAME. 
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4, Lubrication seems to be effective in adverse ratio to viscosity, i. e., the most fluid oil that will stay in its place is the best to use. 
Lard oil heated to 130° lubricates as well as sperm at 70° or the best mineral oil at 50°. But of course it is a great waste of machinery 
to work oil of any kind up to an excessive heat, and there must be the least wear in the use of oil that shows the least coefficient of 
friction at the lowest degree of heat. 

5. The quantity of oil used is a matter of much less importance than the quality. The mill that saves gallons of oil at the cost of 
tons of coal or dollars of repairs plays a losing game. Mr. Waite’s experiments on very heavy bearings at Manchester go far to prove 
that a considerable quantity of thin fine oil keeps the bearings much cooler and requires less power than a smaller quantity of thick 
viscous oil. Here let it be observed that a superstition that prevails in favor of using castor oil to cool a hot bearing is without any 
warrant. No vegetable oil is fit to use as a lubricant ; and castor oil is the worst of all, because the most viscous. If used, it will surely 
set the mill on fire, as it did in the only case of which we have a record. 

6. The rule of best lubrication is to use an oil that has the greatest adhesiveness to metal surfaces and the least adherence as to its 
own particles. Fine mineral oils stand first in this respect, sperm second, neat’s-foot third, lard fourth. 

7. Cast-iron holds oil better than any other metal or any alloy, and is the best metal to use for light bearings, perhaps for heavy. 

8. It has been proved by Mr. Waite’s experiments that a highly-polished bearing is more liable to friction than a surface finely lined 
by filing. The lines left by the file serve as reservoirs for the oil, while the high polish leaves no room for the particles between the metal 
surfaces. 

So far as laboratory experiments may serveas a guide in practice, it therefore appears that fine mineral oils may be made to serve all 
the purposes of a cotton-mill, and such is the practice in some of the mills that show the very best results in point of economy; next, that 
the best animal oil to mix with a fine mineral oil, in order to give it more body, is sperm oil; this again accords with the practice of 
many of the mills in which the greatest economy is attained. Lard and neat’s-foot oil are used to give body to mineral oil in some of 
the best mills; but the results of our work seem not to warrant this practice, unless there is some peculiarity in the machinery that makes 
it more difficult to keep a less viscous or tenacious oil on the bearings. All the mixed oils sold under fancy names we believe must, of 
necessity, consist of certain proportions of the oils heretofore named, as none of the vegetable or fish oils are fit to be used, and there are 
no other animal oils that can be had in any quantity. It appears that all varieties of mineral oils are or have been used in print-cloth 
mills, and are all removed in the process of bleaching, as practiced in print-works. All mineral oils stain more or less, and give more or 
less difficulty to the bleacher when dropped upon thick cloth or cloth of a close texture. On this point we have been able to establish no 
positive rule; but as very many kinds are and have been used in mills working on such cloths and are removed we are inclined to the 
belief that this question is not of as great importance as it has been assumed to be. 

These exact results have been obtained under conditions of great velocity and low pressure. Professer 
Thurston’s remarks, quoted on a previous page, apply to the conditions of friction under great pressures and slow 
motion. We have not, however, yet subjected the lubrication of heavy bearings to so exhaustive a research. Dr. 
C. B. Dudley, chemist to the Pennsylvania Railroad Company, has been devoting much time recently to the 
investigation of lubricants for railroads. His results have not been made public. This road and other leading 
railroads of the country are among the heaviest purchasers of natural lubricating oils that will not thicken at a 
low temperature. Oils of this quality, as well as reduced oils, are very largely used on railroads, as also some of the 
petroleum mixtures, such as the “ pine-tar compound”, the “ galena oils”, and the “‘plumbago oils ”. 

A report of a committee of the Railway Master Mechanics’ Association of the United States, appointed to examine into and report 
on the subject of lubricants, recommended a good quality of natural earth oils as the best to use for lubricating machinery and journal 
boxes. It is less expensive and of a better quality than other oils. When treated so as to reach 28° of gravity, it was found to work 
with perfect success. It had been reported favorably on from Canada in the north to Kentucky in the south. A test of various oils had 
been made with the oil-tester on the Lake Shore road ; sperm, lard, and tallow were used, and none of them were found to possess qualities 
which render their use advisable. In their experiments the committee used a machine the size of a regular axle-box, and 50 drops were 
poured in at a temperature of 60°, and the wheel was allowed to revolve at arate of speed equaling 35 miles per hour until a temperature 
of 200° was reached. The length of time, number of revolutions, and amount of friction were all noted. Attention was called to the 
result obtained from tests with paraffine oil which costs from 25 to 30 cents per gallon, and which has been used on railroads in preference 
to lard oil. Paraffine oil costing 25 cevts, with which six experiments had been made, showed that twenty-four minutes were required 
to reach the maximum temperature, during which time it gave 11,685 revolutions; castor oil, costing $1 25, which required twenty-eight 
minutes to reach the temperature allowed, gave 12,946 revolutions; manufactured oils—A, B, and C—costing 35 cents, 90 cents and 25 
cents, respectively, required nineteen and one-half minutes, giving from 9,285 to 9,653 revolutions; sperm and tallow required only 
seventeen minutes to reach 200° temperature, with less than 8,000 revolutions. (a) 

Paraffine oil that does not boil under 370° ©. has been considered the best material for lubricating cylinders 
at high temperatures. Mineral oil, purified by being shaken with chlorinated soda, from which it is decanted and 
then shaken repeatedly with milk of lime, and again decanted and then distilled with one-third its volume of 
solution of caustic soda, is used for the lubrication of watches. (b) 





a Iron Monger, Supplemerft, Dec. 13, 1879. b Poly. Chl. 1859, 575. 
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Onaprer JL—THE USES OF PETROLEUM AND ITS PRODUCTS FOR 
ILLUMINATION. 


SECTION 1.—INTRODUCTION. 


Orude petroleum has been used in Japan and Burmah for purposes of illumination from an immemorial period. 
In Burmah the Rangoon tar or oil was burned in earthen lamps. In Persia pencils of dried dung were saturated 
with the oil and burned, the pencil serving as a wick. In Parma and Modena and other towns in the upper valley 
of the Po the native petroleum, which is quite fluid and of a light color, has been burned for years both in street 
Jamps and in dwellings. In the valley of Oil creek, and in the salt region of the lower Allegheny and Kiskiminetas, 
the petroleum obtained from springs and from the salt-wells was used in a contrivance resembling a tea-kettle,. 
often with two spouts (see Fig. 19), for lighting saw-mills and derricks. For these purposes the amber oils of the 
lower Allegheny were considered superior to the dark oil of Oil creek. 

Since the manufacture of petroleum by distillation was commenced there have been several separate products 
used for illuminating purposes. Most of the illuminating oils have been called “ kerosene”, a name which was 
originally adopted as a trade-mark by some firm engaged in the manufacture of coal-oils, but which soon afterward 
became a common designation. applied to a certain class of oils used in common lamps. This word, however, has 
not been uniformly applied to a substance of uniform kind and quality, but has been used to designate a class of 
substances prepared in a similar manuer from a common crude material, but which in certain respects present a 
very wide variation. The varieties known to the trade are *“* Water White”, “Standard,” and “ Prime”, the distinctions 
on which the classification is based relating chiefly to color. There are, however, wide differences between the oils 
as manufactured by different methods that exist independently of color. The oils may contain too large a proportion 
of the volatile products of the petroleum; they may contain too large a proportion of the heavy products; they 
may contain too large a proportion of cracked material; and yet in either case they may, by judicious manipulation, 
be made to appear of good color while otherwise of inferior quality—a fact which in this country has been almost 
overlooked, but which has lately attracted some attention in Germany, and will doubtless be more carefully regarded 
in future. ‘ Color” and “test” have hitherto determined the quality of competitive illuminating oils, but a more 
careful regard for the quality of such oils would lead to the determination of the relative proportion of light and 
- heavy constituents and the condition of the oil with reference to the presence and amount of sulphur compounds. 
The quality of oils with reference to these two particulars is not determined by either the color or the test, but a 
disregard of them seriously affects the quality of the oil as an illuminator. (a) A few years since legislation was 
obtained in Minnesota which excluded low-test oils from the markets of that state. The following season those 
markets were stocked with oils, which, to use the English phrase, were mixtures of “tops and bottoms”. They 
were up to the legal test, and were satisfactory in color, but they would become solid at —20° F., and were so heavily 
charged with sulphur compounds that they blackened at a temperature of 200°F. They were of very inferior 
quality, and were very successfully used in securing the repeal of the legislation of the preceding winter. 

In addition to the ordinary illuminating oils which vary in the manner stated above, the naphthas of different 
grades have been used in lamps of different kinds. ‘The best lamp in all respects for burning naphtha is that known 
as the sponge lamp. This lamp is made in a variety of forms, and is filled with sponge, which, on being saturated 
with the fluid, yields it to the wick and prevents either the spilling of the contents of the lamp or an explosion when 
the fluid isconsumed and air becomes mingled with the vapor. Naphtha is also used in lamps of peculiar construction 
which have been found especially useful for lighting streets. These lamps are so constructed that the heat of the 
flame vaporizes the naphtha as it passes through a tube from a reservoir to the burner, where the vapor is burned 
as if it were a gasjet. This form of lantern is very extensively used, especially in the environs of cities. 

Another oil is ‘mineral sperm”, which is distilled from the crude paraffine oils in the preparation of lubricating 
oils. This oil has a very high boiling point, and flashes at a temperature above 275° F. It is chiefly used in 
lighting mills, steamboats, and railroad cars, where more easily inflammable oils would be objectionable. 


SECTION 2.—SAFE OILS. 


While the color of oils is to some extent an indication of their quality, the flash or fire test is the principal 
guarantee upon which the general public relies for both quality and safety; yet, as has been already stated, the 
burning qualities are not represented by them. ‘The discussion of the subject of safe oils was commenced at a 
very early date. Among the earliest papers connected with this subject is one published in the Report of the 





a See Vohl’s Research, page 181. 
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Smithsonian Institution for 1862 by the Hon. Zachariah Allen, of Providence, Rhode Island. In this paper Mr. 
Allen states that the experiments therein described were undertaken at the instance of the Rhode Island Mutual 
Fire Insurance Company. The experiments were too simple to be deserving of particular notice here, but the 
discussion of the subject not only exhibits the acuteness with which the author was accustomed to treat technological 
questions, but also shows how few facts have been added to the sum of human knowledge concerning the products 
distilled from petroleum during the twenty years that have elapsed since his paper was written. He says: 


To ascertain the comparative qualities of the kerosene oil made in different parts of this country samples were procured and tested 
by the simple process of pouring some of each kind of oil into a cup by itself, and by placing them all afloat together in a basin of water 
heated by a spirit lamp, and with a thermometer immersed in the water to indicate the temperature while gradually rising from 60° to 
212°. During the progress of the increase of temperature blazing matches were passed over the surface of the oil in each cup successively 
at short intervals of time, until the increased heat caused sufficient gaseous vapors to arise from each to take fire, which they all finally 
did, at degrees of temperature varying from 80° to 162°, exhibiting faint flames quivering over the surface of the oil, precisely like those 
hovering over the surface of spirits of wine or alcohol when similarly kindled. The flames are quite as readily extinguished by a blast of the 
breath, and not the least symptom of any explosive character became manifest when each one took fire. Until the evaporative point of 
each sample of oil was produced by the increase of heat applied, and until lambent flames were kindled, burning matehes were extinguished 
when plunged into the coal-oil as effectually as if they had been similarly plunged into water. The average heat at which all the samples 
emitted sufficient vapor to admit of being kindled was about 125° of Fahrenheit’s scale. After ascertaining the temperature requisite to 
kindle the several samples of coal-oil, it next becomes an interesting subject of investigation to ascertain the heat to which coal-oil is 
ordinarily elevated while burning in lamps. The results of actual experiments showed that in glass lamps the temperature is increased 
about 6° and in metallic lamps but 10° or 12° above that of the apartment, which, being 67°, produced a heat in the oil of about 71° to 
79°, leaving a considerable range of temperature below the average of 125° above stated. Finding by actual observation that only gaseous 
vapors arising from the heated oil exhibit the phenomenon of flame whilst ascending and combining chemically with the oxygen of the 
air, it became manifest that no explosive action could be anticipated to take place from any kind of oil or inflammable spirits unless these 
gaseous vapors were first evolved by a previous increase of temperature, and then brought into contact with the atmospheric air before 
applying a match thereto, There being no room left for either the gaseous vapor of the oil or for atmospheric air to combine therewith 
in the chamber of any lamp entirely filled with oil, every attempt to produce explosive action with a full lamp, at all temperatures up to 
the boiling point of water, utterly failed when lighted matches were applied to the open orifice of the lamp. The only result produced 
by inereasing the heat of the coal-oil was an increase in the evaporation of the gas, and a higher jet of flame steadily rising, as from the 
jet of a gas burner. So long as lamps are kept FULL of oil, or even of explosive camphene or “‘burning fluid”, there can be no explosive 
action whatever. Jor this special reason it may be adopted as a safe rule to cause all lamps containing highly inflammable liquids to be kept 
as full as practicable by being daily replenished. 

* 


* * * * * * * * * 


As the dangerous inflammability of coal-oil appeared to be ascribable to the naphtha not separated therefrom, the following 
experiments were made to ascertain the extent of the inflammable properties of pure naphtha. Finding that the liquid naphtha 
evolved sufficient vapors at the ordinary temperature of the atmosphere to become instantaneously kindled into flashing flames, the 
cup containing it was immersed in a freezing mixture of snow and salt to reduce the temperature to the zero of Fahrenheit’s scale. At 
this low temperature the naphtha appeared to blaze with equal violence. Then a quantity of snow was mixed with the liquid naphtha 
and thoroughly stirred, for still further reducing the temperature. Even at this extreme degree of cold the naphtha continued to flame 
so furiously that it was necessarily thrown from the cup upon the ice covering the ground where the experiment was made, in the open 
air, whilst the thermometer indicated an atmospheric temperature of 19° below the freezing point. The naphtha still continuing to burn 
upon the surface of the ice, a covering of snow was thrown over it to extinguish the flame. Through this covering of white snow the 
bright flames still continued to shoot up, presenting to view the extraordinary spectacle of burning snow. Onrepeating similar experiments 
on the comparative combustibility of spirits of wine or alcohol, camphene, and burning fluid, they did not emit sufficient gaseous vapors 
at the freezing point, or 32°, to become kindled into flame when burning matches were plunged therein, but with a little increase of 
temperature they all became kindled. The preceding experiments seem to exhibit impressively the extraordinary inflammability of 
naphtha, arising from the facility with which it emits gaseous vapors; the utmost caution is requisite to prevent not only unexpected 
explosions, but also the almost unextinguishable violence of its conflagration, for practically the application of water does not subdue 
the conflagration of naphtha in quantity, and only the exclusion of atmospheric air appears to quench the fury of its flames. *~ * * 
Petroleum contains a considerable percentage of naphtha, and consequently partakes in a degree of its dangerous properties. * * * In 
making experiments with the tin vessel of the capacity of a common lamp a single drop of naphtha was found to yield sufficient vapor to 
produce as much explosive action as could be produced by the most inflammable coal-oil for sale in the market when similarly experimented 
with; and after every experiment failed to exhibit the slightest explosive tendency of the best kerosene oil, a single drop mingled therewith 
rarely failed to yield sufficient vapor to manifest its presence by a slight explosive puff when kindled by a lighted match. (a) 


These experiments, made in 1862, satisfied Mr. Allen, as a representative of very large manufacturing and. 
insurance interests, that ‘‘coal-oil” (i. e., mineral illuminating oil), when properly manufactured by responsible 
parties, was a safe material for use; and they also established these fundamental facts, which have been made 
the basis of all the action that has since been taken with reference to this question, viz: That the volatile 
constituents of petroleum are extremely inflammable liquids; that they mingle with the air with great readiness 
and form mixtures that explode with great violence; that illuminating oil prepared from coal or petroleum, from 
which these oils, volatile at a low temperature, are carefully excluded, is a safe illuminating material for ordinary 
use, while the presence of a very small percentage of the naphtha, added to an oil of unquestioned excellence, 
produces a dangerous mixture, from the use of which explosions and conflagrations are liable to ensue. 

The continued agitation of this subject led to legislation by states, cities, and towns, and also to the 
manufacture of such oils as would satisfy the requirements of the various laws enacted. The result has been the 
establishment of different tests, that is, different degrees of temperature at which the oils might produce an explosive 





a Rep. Smithsonian Inst., 1862, p. 330. The name is here erroneously given T. Allen. 
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vapor or burst into flame. The tests were therefore classified as flash tests and fire tests, and both classes include a 
range uf temperatures between 75° and 175° F. Both the classes of tests have had their advocates ; and to meet 
the requirements of law with most profit on the one hand, and to protect the public in the use of these oils on 
the other, a large number of apparatus and a variety of methods for their use have been devised. 

The conclusions reached by Mr. Allen, that an oil properly manufactured is safe, while one containing naphtha 
is dangerous, suggests the further conclusion that there must be two standards: one of relative and the other of ~ 
absolute safety. The object of establishing any test is simply to determine at what temperature a given sample of 
illuminating oil, in quantity sufficient to fill a lamp of ordinary size, gives off enough vapor, which, when mingled with 
air, can form an explosive mixture. It therefore becomes a matter of merely secondary importance at what 
temperature such an oil will take fire, as all experience has shown that an explosion has been followed by fire in 
so many instances that the question of the temperature at which an explosive oil will take fire becomes 
eliminated as worthless; because the temperature at which an oil wiil take fire is acknowledged by all parties 
at all acquainted with the facts to be no indication whatever of the temperature at which such an oil will 
flash. It is immediately asked, if such is the case, why is a fire test ever used? It is sufficient to answer, that 
it is much less difficult to manufacture oils of a uniform jfire test than of a uniform flash test; hence the efforts 
of some manufacturers have always been used to secure legislation requiring a fire test rather than a flash test, 
and legislators have listened to the presentation of practical difficulties rather than to the objections presented by 
physicists and philanthropists who have urged the claims of the flash test. 

As illustrating the inadequacy of the fire test to protect life and property by detecting dangerous oils, of 
seven hundred and thirty-six samples of oil examined for the New York city health department more than half 
did not take fire below 110°, while only twenty-three failed to evolve inflammable vapors below 100°. 

Returning to the question of absolute safety, we immediately seek to follow Mr. Allen in his inquiries respecting 
the temperature attained by the oil while burning in lamps under ordiuary conditions. The most elaborate research 
on record is that undertaken by Dr.C. F. Chandler and published in 1871 in his celebrated report on petroleum as 
an illuminator.(a) The following extract from this report gives the conclusion reached: 


THE TEMPERATURE OF OIL IN BURNING LAMPS. 


First SERIES.—TEMPERATURE OF THE ROOM, 73° TO 74° F. 












































TEMPERATURE OF THE OIL. 
| : A Capacity of | 
Hel a ac lamp. Afterone | Aftertwo | After four | After seven Fo pr ed 
hour. hours. hours. hours. Ont 
Ounces. Deg. F. Deg. F. Deg. F. | Deg. F. Deg. F. 
1 | Brass hand-lamp...-..-.------------- 8 85 82 85 86 84.5 
2°) Brass hand-lamp.icersesce-wsceoos -= 24 79 83 84 82 82. 0 
3 | Glass stand-lamp .........---.---+--- | 8 17 78 79 80 78.5 
4 Glass stand-lamp ........--.-.--...-. 11 77 81 84 82 81.0 
5 Glass‘stand-lamp)<--2ssee-e- eee ==- 20 78 79 79 80 79.0 
6 Glass stand-lamp ........-..--.------| 7 82 80 85 84 82. 75 
7 | Glass standlamp..--2Je) osteo 10 84 | 36 84 82 84.0 
8 Glass hand damp. .c.cc)e smash -eeeae 9 79 7 85 85 81.75 
9 Glass\hand-lamp\.-..s2-seeeeeeeeeees 6 81 82 86 86 83.75 
10 Glass hand-lamp 227.2. eee aa een = 7 80 18 cll cock 2th Roce Nee cee eee 79.0 
11, ||’ Brassstudent-lamp'.--.-. s-eeeseeease | 13 | 82 80 83 84 82. 25 
12 | Glass stand-lamp ...-..--.---.------- 10 | 81 81 79 78 79.75 
13 | Brass stand-lamp ...:.-..2-.-.ces0s-- 11 | 92 89 88 86 88. 75 
14 Tin lantern’. ci2.% 2.2 s2ssesaseeeeeeee (hen 89 86 88 87 87.5 
15 Glass bracket-lamp ...-.....-.-.-.--- | 19 | 82 82 84 | 83 82. 78 
16 Glass: atand-lamp - 2152. <-n---ee ree 29 82 80 80 84 81.5 
17 | Braes student-lamp............--.--- | 7 BO nscane gen amas | Sipe eases fal 84. 0 
18 | Brass Stand-lamp c-a<-ic-a0 se ememae ee | 14 | 84 | 85 87 87 85. 75 
Lip Mtarcak stand-lamipieeess see eeee eee | 19.04 100 100 92 91 95.75 
20 | Metal stand-lamp...-.-...5.-..:.--. 9 82 82 88 87 84. 75 
21 | Brass stand-lamp ....-...........---- 12 | 91 92 88 85 89.0 
22 Bronze stand-lamp-...<. -ss+<-+esae ee 16 83 76 79 85 80. 75 
23 Glass: hand-lamp 723s es os <3 eee etl eee me oise ei 79 80 82 82 80. 75 
i 























a Am. C., ii, 409, 446; iii, 20, 41; Mon. Sci., 1872, 676, Dingler, cey, 587; D. Ind. Z., 1872, 376; W. B., 1872, 873. 
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THE USES OF PETROLEUM AND ITS PRODUCTS. 


yA 


With the air of the room at from 73° to 74° F. the temperature of the oil in the burning lamps ranged from 76° to 100° F., the highest 


temperature of 100° having been reached in a metal lamp at the end of one hour. 


That this was an exceptionally high temperature is 


shown by the fact that the highest temperature reached in any other lamp was 92° F. The following is a synopsis of the observations: 




















| In ll metal | In 12 glass 
In 23 lamps. lamps. lamps. 
Sie J 
Dags oe \ Degu ke, Deg. F. 
Highest temperature reached......-.. | 100 | 100 86 
Lowest temperature reached ..-...-. | 76 76 76 
Average temperature....-...---..--. 83 86 81 





SECOND SERIES.—TEMPERATURE OF THE ROOM, 82° TO 84° F, 



























































TEMPERATURE OF THE OIL. 
a aig aby as of lamp, After After | After After | Average 
one hour. | two hours. three hours.| four hours. | 0? four 
| hours, 
eee re St | | 
Ounces Degrees. Degrees. Degrees. Degrees. Degrees. 
ASO OO Tt eee tate talelaletatetn = of taratei alate o||leleeetel=lelaieiess ai=1~ §2 | 83 84 83 83 
1 | Brass hand-lamp .-...-.--.. ae eee 8 92 95 96 95 | 94. 50 
2 Brassnand-lamp<..- 2-6 -esses ses - 24 88 94 94 93 92. 25 
3 Glass stand-lamp...:.....-....--.---> 8 84 88 86 84 | 85. 50 
4 Glass stand-lamp........-.....-2.-..- 11 84 86 86 84 85.00 | 
5 | Glass stand-lamp...-... neta na eee 20 85 86 87 86 | 86. 00 
. 6 Glass'stand-lamp -.......--.----..... 7 86 87 88 88 87. 25 
7 Glass stand-lamp.........---..----0.- 10 88 87 89 88 88. 00 
8 Glass hand-lamp .............. --.-.- 9 87 90 90 90 89.25 | 
9 Glass-hand-lamp)eeccecss0)ae= soja 6 87 91 89 7 88. 50 
10 Glass hand-lamp .....-..-....--. ---- a 84 86 6 84 | 85.00 | 
1l Brass student-lamp...........--..--- 13 86 88 88 88 | 87. 50 
12 Glass stand-lamp -.....-......-.<-<;- 10 85 86 86 85 85. 50 
13 Brass stand-lamp ...............-..-- 11 104 103 101 101 102. 25 
14 Tin lantern ......... Seemnastene sislet have 7 95 96 94 96 95. 25 
15 Glass bracket-lamp .....-........-..- 19 84 85 84 84 84. 25 
16 IBYASSIBIAMC<LAM Psciecarie-icisersi= s!si0c «ee 29 84 85 84 84 84. 25 
Ly Brass student-lamp..........--.....- 7 87 88 | 86 84 86. 25 
18 | Brass student-lamp ..........-..-...- 14 91 93 92 91 91.75 
19 | Brass stand-lamp...........2+.2--+--- 12 101 100 98 96 98. 75 
20 Metal stand-lamp ..-...-....-..-.+--- 9 89 92 | 94 93 92. 00 
: 21 Brass stand-lamp.......-...--...----. 12 88 98 94 96 94. 00 
22 Bronze stand-lamp ............ ..-... 16 82 88 88 89 86. 75 
23 Glass hand-lamp ........-. .....-...- 6 84 86 85 84 84.75 
% | Brass student-lamp .......-.....---- 10 | 120 120 | 120 118 119. 50 
| 25 Brass student-lamp................-- | 124 | 112 115 115 116 115. 00 


With the air of the room at from 82° to 84° F, the temperature of the oil in the burning lamps ranged from 82° to 120° F. The 
temperature 120° was exceptional, being confined to one lamp. 


SYNOPSIS OF THE OBSERVATIONS. 








In 26 lamps. signees | Seer | 
Nese ag ag oa 
Deg. F. Deg. F. Deg. F. 
Highest temperature reached.....--. | 120 120 91 | 
Lowest temperature reached...-. sel 82 82 84 
Average temperature...........-.... | 914 964 86 | 
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Tuirp SerreEs.—TEMPERATURE OF ROOM, 90° TO 92° F. 


















































| | TEMPERATURE OF THE OIL. 
: Capacit | | 
a aa | of lamp. After After After After | fen 
| one hour. two hours. | three hours. | four hours. | hace 
: | 
Ounces. | Deg. F. | Deg. fF. Deg. F. Deg. F. | Deg. F. 
}- CAND OL-TO0M ses -eeeeeraetenestee sens IES saer seamacice | 92 90 92 90 91 | 
| | 5 a a 
1 Brass hand-lampie.cens- eeeqeeceene <i 8 90 98 100 98 96. 50 
2 Brass handslampieeeoses sees scasee === 24 89 98 102 100 97. 25 
3 Glass stand-lamp ..-...-.-- ewcrfaysarchcses 8 | 88 90 93 94 91. 25 
4 Glass stand-lamp .........-------.--- 11 88 92 94 94 92. 00 
5 Glassistand-lnmp)o-eeesss sees eee == | 20 85 92 | 94 | 94 91. 25 
6 | Glass stand-lamp .......--...-.-.---- | Ta 90 94 96 93 93. 25 
7 Glass atand-lamp -<---.cs0sa-2225 o- 10 . 90 96 96 | 96 94. 50 
8 Glass hand-lamp.. co s-seeensens sess | 2 ot 88 95 | 98 98 94.75 
9 ii Glass: handJamp ---2e-e2e04-->= =< 6 So Cie 95 | 96 | 97 94. 25 
16) "\iags hand damp....... 2.08) 22.....- 7 ss | 92 | 93 | 94 91.75 
11 Brass student-lamp.......-...--.---- 13 | 89 100 | 102 102 98. 25 
1:92) | (Glasestand-lamp s...ceewst cove ete fs 10 88 92 / 93 | 93 91. 50 
13 | Brass stand-lamp .....:...-2-2-2+0+ 11 | 106 | 114 | 116 | 110 111. 50 
14, il (Cin tanternd. ce -ct eee ee ae aI 99 106 | 107 | 105 104. 25 
15 | Glass bracket-lamp .... ........-.-- 19 85 92 | 91 | 91 89. 75 
1, 16) hy Glass istomd-lamip ont. tesa tne nse mrss 29 86 91 92 92 90. 25 
| 17 | Brass student-lamp........  ..-----.-| 7 | 92 99 100 | 100 | 97.75 
| 18 | Brass student-lamp .............s0ee- 14 | 94 100 | 100 109 | 98.50 | 
| 19 Brass Stal IAM p24. - seen eas eee 12 108 112 112 107 | 109. 75 
lf 205 \ue Metal atanddamp ces come ces eee mee 9 91 | 96 100 | 99 | 96. 50 
| 21 Brass stand-\emMp >a). sorses ceees ana 12 104 | 110 108 106 | 107. 00 
22 Bronze stand-lamp. .-.--- Sceeae ence 16 84 90 | 95 98 91. 75 
23 Glass hang-lam py 7. seu Ste am alee oe we 4 90 92 | 94 94 92. 50 
24 | Brass student lamp ...............--- | 10 124 | 129 129 | 128 127. 50 
25 Brass student-lamp ....-...-- seeceeees| 124 | 120 | 126 | alten 127 125. 00 














With the air of the room at from 90° to 92° F. the temperature of the oil in the burning lamps ranged from 84° to 129° F., the 
highest temperature being exceptional- 


SYNOPSIS OF THE OBSERVATIONS. 























: In 13 metal | In 12 glass 
' | In 25 lamps. lamps. | lamps. 
| — - | —r - 
| Deg. F. Deg. F. Deg. F. 
| 
Highest temperature observed..-..--. 129 129 98 
Lowest temperature observed....-.. 84 84 85 
Average temperature observed...-... 983 1044 924 


By these results it appears that the temperature of the oil in lamps often rises much above 100° F., thus reaching a temperature at 
which oil, which does not emit a combustible vapor below 100° F., would be dangerous. It is apparent that 100° F. is too low a standard for 
safety; 120° F. would not be too high a standard, and its adoption would not add three cents per gallon to the cost of the oil. 


An analysis of these tables shows that when the temperature of the room was 73° to 74° (a comfortable 
temperature) only one lamp in twenty-three reached a temperature of 100°, and no glass lamp reached a temperature 
of 90°, and that the average temperature of the twenty-three lamps was only 83° F. The average temperature of 
the eleven metal lamps was 5° higher than that of the twelve glass lamps. When the temperature of the room was 
82° to 84° (quite warm for comfort) only one lamp in twenty-five reached a temperature of 120°, and only two glass 
lamps reached a temperature of 90°, the highest reaching 91°. The average temperature of the twenty-five lamps 
was 915° F. The average temperature of the thirteen metal lamps was 104° higher than that of the twelve glass 
lamps. When the temperature of the room was 90° to 92° F. (an uncomfortably high temperature) only two lamps 
out of twenty-five reached a temperature of 120°, and no glass lamp reached a temperature of 100°, and the average 
temperature of the twenty-five lamps was only 983° F. The average temperature of the thirteen metal lamps was 
123° higher than that: of the twelve glass lamps. Moreover, in the seventy-three lamps tested, but twelve reached a 
temperature above 100°, and but six above 110°. A series of experiments were described by H. B. Cornwall, (a) in 
1876, which were made with the design of showing how much naphtha must be removed from a low-test oil to bring 
it up to safety. His results are tabulated on page 219. 





a dm. Chem., vi, 458. 
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No. Sp. gr. Time. F Leta | Time. eoee 
Deg. B Minutes. | Deg. F. | Minutes. | Deg. F. 
1 49.7 21 86 7 107 
Di ville Wp aatinins 25 96 8 | 112 
3 yA a a eat age TIOO Ne cme wens 124 
4 47.1 15 80 7 100 
5 45.3 23 121 5 138 
OT ie cetiesss 12 98 5 : 113 
7 50. 4 23 118 6 135 
8 45.8 12 104 5 125 
Oo Wassmwceselcas 23 104 5 - 120 
LOP iN. Sees aees 23 Bran iecameseeteertaic ane sis ecclissi 





No. 1 was an oil flashing at 86° and burning at 107°. He distilled off 4 per cent., and the residue (No. 2) 
flashed at 96° and burned at 112°. He then distilled off of another portion of the same oil 10.6 per cent., and the 
residue (No. 3) flashed at 110° and burned at 124°. On mixing the distillate and the residue in proper proportions 
the mixture flashed at 89° and burned at 107°, almost at the identical temperatures with the original oil No. 1. 
An oil worse than No. 1 (No. 4) was then distilled until 12.7 per cent. of distillate was secured with 2.7 per cent. of 
loss. The residue (No. 5), which was very dark, flashed at 121° and burned at 138°. Five per cent. of distillate 
was removed from another portion of the same sample, and the residue, after treatment with sulphuric acid and 
soda, gave No. 6, which flashed at 98° and burned at 113°. The following table embraces some experiments made 
with mixtures of oils and naphtha, and includes some results obtained by Dr. C. B. White, of New Orleans, Louisiana: 











Oils. anit Difference. gine Difference. 
No. 7. TableI: Deg. F. Deg. F. Deg. F. Deg. F. 
PAONE fois is tesa seen see sis os cincew secon LTS | Meeerocrareters)s 0G [iti HS ee ees 
+1 per cent. naphtha of 65° B..........- 112 6.0 129 6.0 
-+-+ 3 per cent. naphtha of 65° B........... 103 5.0 123 4.0 
+ 5 per cent. naphtha of 65° B.-.-......... 96 4.4 116 3.8 | 
+10 per cent. naphtha of 65° B.......... 83 3.5 102 3.3 
+1 per cent. naphtha of 71.79 B.-........ 107 LATOR | 133 2.0 
-+ 5 percent. naphtha of 71.79 B......... Below v0) |scseesv ese - 105 6.0 
No. 8. Table I: 
Alonex-e tite es Hee Se cheie 0s be gel LO4s eee denies es 2G Sect piere ssh 
-+ 2 per cent. naphtha of 65°B...... .... 96 4.0 120 2.5 
+10 per cent. naphtha of 65° B.......... 76 2.8 107 1, 08 
Dr. White’s oil: : | 
PANOUGR ems sp wewanseee A Setan secietecconeee LLS™ nore potest ce eeaacee ses a | ie coat 
+1 percent. naphtha of 65° B.......-..- 103 LOS OM le testes cet. ists tessa: | 
+ 2 per cent. naphtha of 65° B.-.......-- 92 1025) awe aol Sesion eeaa. 
+ 5 per cent. naphtha of 65° B.........-- 83 GrO mi hnseins nastier | aseec ane 
+ 10 per cent. naphthaof 65° B.........- 59 DSS ete o Boe | bene mace ate 
Ser20mer Colts Dap uta OMOoe Lyons ota: oe'l\soolee ec dastes~lensse's ca ee se BO Moen ee eee 














The naphtha of specific gravity 65° B. is termed benzine, the commercial naphtha having a specific gravity 
of 70° to 76°. The columns marked “ Difference” show the average difference for each per cent. of naphtha added. - 
The naphtha used by Dr. White was lighter than 65° B. A series of experiments was undertaken to show the 
difference in two consecutive tests for flashing point made upon the same sample of oil, after allowing the oil to 
cool between the tests. The difference was found to be from 3° to 4°. 

Probably the greatest danger from kerosene lamps arises from the risk of overturning and breaking the lamp, 
although undoubtedly explosions sometimes break lamps. A series of experiments were undertaken with a view 
to ascertaining the action of oils of different quality under conditions similar to those attending a broken lamp. 


Thin glass flasks were provided with corks, through which passed tubes holding wicks. The oil in each flask was then heated in a 
water bath to 95° F., and the wick lighted, after which the flask was dropped on a brick floor near a steam boiler, the bricks having a 
temperature of about 93°F. The results are given in the following table. No. 8 was a mixture of No. 1 with 5 per cent. of naphtha of 
65° B., and No. 9 of No. 1 with 5 per cent. of naphtha of 71.7° B.; the others were bought from dealers. 

















No. | ¥ poe Thome Remarks. 
Deg. F. | Deg. F. 
1 8 | 135 | The wick continued to burn quietly | 
| without igniting the spilled oil. 

2 104 | 120 | Like No. 1, 
3 100 | 112 | Do. 
4 98 116 Part of the oil was slowly ignited. 
5 96 111 | Allof the oil at once took fire. 
6 80 100 ! Like No. 5. 
7 80 | 98 ! Do. 

pay 9 | 116 | Do. 

| 9 | Below 70 | 105 Ignited with a flash. 
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From the above experiments the following conclusions may be drawn, as applying at least to these oils: 

1. The naphthas distilled were comparatively heavy, 59° to 64° B., technically known as benzines. 

2. The removal of about 10 per cent. of these naphthas from an average unsafe oil raised the flashing point 2.27° and the burning 
point 1.60° F. for each per cent. removed; the addition of the same proportion of naphtha of equal specific gravity lowered the feshang 
point in very nearly the same ratio. 

3. The second table shows that a paying amount of a light naphtha above 70° B. could not be added to even a very high grade oil 
without making it conspicuously bad, while as much as 10 per cent. of a heavier naphtha (benzine) of 65° B. could be added to an oil of 
a little above 100° F. flashing test, and make it no worse than much of the oil now in the market. 

4, When a small amount of naphtha of above 70° B. is added to a good oil the flashing point is lowered much more rapidly than the 
burning point; if the oil is of very high grade and the naphtha moderately heavy, 65° B., the burning point of the oil is lowered almost 
as rapidly as the flashing point, while the addition of a naphtha of 65° B. to a mbdenateey good oil, flashing at 104° F., lowers the flashing 
point 35 to 40 per cent. more rapidly than the burning point. 

5. The burning point is not a reliable test of the safety of an oil, since oils, when spilled, will ignite instantly on the approach of a 
flame when heated a degree or two above their flashing point, even although the burning point is 10° or 20° F. higher. (a) 

6. The first two tables show that an oil flashing at 86° and burning at 107° F. can be made to flash at 100° by removing 6 or 7 per 
cent, by distillation. This corresponds nearly with the estimate * * * that average petroleum yielding 75 per cent. of 110° F. “ fire 
test” (burning test) oil would probably yield 69 per cent. of 100° ‘‘flash oil”; in other words, 8 per cent. of the 110° “fire test” oil 
would have to be removed to make a 100° ‘‘flash” oil. The average flashing point of eight oils given in Dr. Chandler’s report as burning 
at 110° F. was 89°. (6) 

These conclusions were stated with equal emphasis by Dr. Chandler in his report, from which I have already 
quoted. He says: 


There are two distinct tests for oil: (1) the flashing test, (2) the burning test, which are often confounded; and when the law or 
ordinance specifies the fire test there is a doubt as to which of the two tests isintended. The flashing test determines the flashing point of 
the oil, or the lowest temperature at which it gives off an inflammable vapor. This is by far the most important test, as it is the 
inflammable vapor, evolved at atmospheric temperatures, that causes most of the accidents. Moreover, an oil having a high flashing test 
is sure to have a high burning test, while the reverse is not true. The burning test fixes the burning point of the oil, or the lowest 
temperature at which it takes fire. The burning point of an oil is from 10° to 50° F. higher than the flashing point. The two points are 
quite independent of each other; the flashing point depends upon the amount of the most volatile constituents present, naphtha, etc., 
while the burning point depends upon the general character of the whole oil. Two per cent. of naphtha will lower the flashing point of an 
oil 10° without materially affecting the burning test. The burning test does not determine the real safety of the oil; that is, the absence of 
naphtha. The standard which has been generally adopted as a safe one fixes the flashing point at 100° F. or higher, and the burning point 
at 110° or higher. In the English act and some of * * * the laws of the states of the American Union the burning test has been 
very judiciously omitted, as two distinct tests are often confusing, and, moreover, the burning test or point is not an index of the safety of 
the oil. More than half of all the samples of oil which have been tested for the health department (of New York city) did not take fire 
below 110° F.; consequently they were safe according to the burning test; but only twenty-eight of seven hundred and thirty-six samples 
w really safe, all the rest evolving inflammable vapors below 100° F. The flashing test should therefore be the only test mentioned in 
laws framed to prevent the sale of dangerous oils. (¢) 

In 1873 a committee of the Franklin Institute, of Philadelphia, reported ‘On the causes of conflagrations and 
the methods of their prevention”. This committee reported that in 1872 the number of fires occurring in Philadelphia 
was 41} per cent. greater than in the previous year. Of these fires, 59 (the largest number originating from any one 
source) were caused by explosions of coal-oil and fluid lamps. The report further states: 

The number of deathsin the United States from the explosions of coal-oil and fluid lamps in 1871 was, by the account kept by an 
insurance paper (the Chronicle), 3,500. If the death rate for 1872 kept pace with the increase of conflagrations, which was about 50 per cent., 
it would give for the past year (1872) 5,250 deaths, and the maiming of probably 20,000 persons within the jurisdiction of the United 
States. 

Statistics of this character could be extended indefinitely. 

Regarding the nature of petroleum products, this committee report : 

We find by actual experiments that all the light forms of petroleum (products) constantly generate vapor or gas even at the low 
temperature of 12° above zero, * * * Any oil or burning fluid that evaporates rapidly or generates gas below 100° is exceedingly unsafe. 

* * * Itis not the oil or fluid that explodes, but the vapor mixed with air. * * * When themixture goes on so that there is one 
part of gas and fuur parts of atmospheric air inside the lamp, or when these proportions exist ina room or any other apartment, they form a 
fearfully explosive mixture. * * * Volatile oils and combination burning fluids generate vapor inside the lamp, hence the less the 
oil the greater the vacant space filled with vapor and atmospheric air and the greater the danger, and hence it is apparent that to fill a lamp 
nearly empty while burning is almost certain to result in a terrific explosion. 

This report was accompanied by another, in which the subject was discussed by the then secretary of the 
institute, William H.Wahl,esq. In this report Dr. Wahl reviews the subject in great detail, and reaches the same 
conclusions as Dr. Chandler, above quoted. (d) 


I have already referred to the elaborate research of Dr. J. Biel, of Saint Petersburg, upon the comparative value 
of American and Russian petroleum, published in Dingler in 1879. (e) After reviewing the comparative production 
of America and Russia, in which he shows that the average yearly yield of a Caucasian well is three times as great as 
that of an American well, he refers to the “special general meeting of the Petroleum Association” held in London 
on the 14th of January, 1879, at which Mr. F. W. Lockwood, of New York, was present, and the representations 
there made, that the illuminating oils produced from the petroleum of the Bradford district were not of the same 





a See in this connection Chandler’s report, Am. Chem., iii, 42. d Jour. Frank. Inst., xcv, 267. 
b Am. Chem., Vi, 458. e Dingler, ccxxxii, 354. 
c Am. Chem., iii, 42; Mon. Sci., 1872; Dingler, ccv; W. B., 1872. 
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quality as those exported from the United States in previous years and manufactured from the petroleum of the Parker 
(Butler and Clarion) district. He then goes on to say that the American oils offered for sale were very inflammable and 
were deficient in illuminating power; that they burned well for a few hours, and that during the succeeding hours, 
in order to maintain the illumination, it was necessary to raise the wick at short intervals, the result of which was 
finally the accumulation of carbon upon the wick. In order to determine the cause of this trouble Dr. Biel selected 
three American kerosenes, Pratt’s astral oil, and several specimens of Russian kerosene, and subjected them to 
fractional distillation in a glass retort with a thermometer immersed in the oil. That portion distilling below 150° C. 
(302° F.) he called essence (essenzen); that portion coming over between 150° and 270° (518° F.) he called burning 
oil (brenndle); and that above 270° he called heavy oil (schwere Oele). The three American kerosenes were Carbon 
oil of the Standard Oil company, of Cleveland, Ohio; Standard oil of the Imperial Refining Company, of Oil City, 
Pennsylvania; and Standard White, of unknown manufacture. The three oils gave practically the same results, as 
follows : 

1. Standard oil, specific gravity 0.795, flash point 26° C. (78° F.), burning point 30° ©. (86° F.); concentrated 
sulphuric acid in equal parts with the oil is colored blackish brown upon being shaken with it. Tension of vapor 
according to Salleron, 160™™ at 35° C. The distilled products were: 














. Temperature. | Per cent. | Specific gravity. | Burning point. 
, Deg. F. | | Deg. B. | Deg. O. Deg. F | 
(a) 125 to 150 14.4 | 0.741 = 59 16 (162) 
(b) 150 to 170 | 9.8 0. 760 = 54 29 (85) 
(c) 170 to 190 | 8.3 | 0.770 = 52 43 (110) 
| (d) 190 to 210 | 6.0 0.778 = 50 59 (140) 
| (e) 210 to 230° | 5.6 | 0. 786 = 48 75 (167) 
| (f) 230 to 250 8.6 | 0. 796 = 46 100 (212) 
| (g) 250 to 270 | 7.6 0. 808 = 43 112 (233) | 
(h) 270 to 290 8. 4M G, BIGanay MSS Ne Te, 
(i) Residue ... 33.9 . 0. 840 = 874 Sara egy 











I have given the equivalents of the specific gravity and temperatures in degrees of Baumé and Fahrenheit. 

The distillation was accompanied with a copious evolution of sulphurous acid and the distilled products that 
come over between 190° and 230° C. (374° to 536° F.) are also strongly impregnated with it. This is produced by the 
decomposition of the sulphur compounds in the kerosene, which are produced by the reaction of the crude distillate 
with the concentrated sulphuric acid, with which the American kerosene is imperfectly purified. He summarizes his 
results obtained from the three Standard oils as follows: 

14.4 per cent. light inflammable essence. 

45.9 per cent. really good burning oil. 

39.7 per cent. heavy oil. 

2. Astral oil or so called, ‘‘ 150° fire test,” specific gravity 0.783, flashing point 48° C. (118° F.), burning point 
51° C. (124° F.). Shaken with an equal guantity of concentrated sulphuric acid it is colored a golden yellow. 
Tension of vapor after Salleron, 5™™ at 35°. The distilled products were: 





Temperature. Per cent. | Specific gravity.' Burning point. 
Deg. F. Deq. B. | Deg. C. Deg. F. 
(a) Under 150 PN NE ES Coen eae | 16 (62) 
(b) 150 to 170 | 13.5 | 0.758 = 55} 29 (85) 
(c) 170 to 190 | 21.3 | 0. 768 = 52 43 (110) 
(d) 190 to 210 | 18.8 | 0.777 = 50 57 (133) 
(e) 210 to 230 } 15.0 | 0. 786 = 48 75 (167) 
(f) 230 to 250 10.0 / 0.795 = 46 | 99 (210) 
(g) 250 to 270 | 9. 2 0. 806 = 443 111 (231) 
(h) 270 to 290 4.8 OK SES == 42) eae cea 
(i) Residue -.-., 5.2 | CURES? Lows fl ees eee en ae OEE 

















The distillation was entirely destitute of any deleterious odor, and the distillate was normal throughout. He 

summarizes his results as follows: - 
2.2 per cent. light inflammable essence. 

87.8 per cent. good normal burning oil. 

10 per cent. heavy oil. 

The results that he obtained from the examination of the Imperial oil (Kaiserél) of Aug. Korff of Bremen, 
were nearly identical with those obtained from the astral oil, and his examination of the several samples of 
Russian oil showed them to be of very fair average quality. (a) 

a See page 180. A better method of conducting a research of this character is to use alembics instead of retorts; 200 cubic 


centimeters in an 8-ounce alembic will yield 1 per cent. for every 2 cubic centimeters of distillate. If the distillate is received into a narrow 
measuring jar graduated to one-half cubic centimeters, the measuring can be made to one-fourth per cent. without difficulty. 
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The point in this discussion emphasized by this research is to be sought in the character of the 14.4 per 
cent. of distillate obtained from the American kerosenes below 150°, having a specific gravity of 59° B. and 
burning at 62° F. This naphtha, more dense than average benzine, when mixed with a residue containing oils 
more dense than those found in the astral oil, produces an oil flashing at 78° and burning at 86°, an extremely 
dangerous oil if no consideration were made of the large content of sulphur compounds revealed upon distillation. 
These kerosenes were cracked oils, not mixed “ tops and bottoms”, as the English oil merchants have styled them, 
but a cracked product that was run for a given specific gravity (0.795, equal to 46° B.) and color, without much 
regard to test, and none at all for other considerations. While there are, no doubt, occasional instances in which 
retail dealers have mixed naphtha with good kerosene for purposes of fraudulent adulteration, I do not believe that 
oils are thus prepared by either wholesale dealers or manufacturers. It is, however, not to be denied that the 
temptation is very great for manufacturers to allow too large a proportion of benzine for safety to run into an oil 
designed for a market where there are no laws prohibiting the sale of such substances. It is more probable that 
these kerosenes were made, as Dr. Biel received them, by cracking the heavy residue from which the normal 
burning oil had been previously removed, a part of which had been cracked too much and the remainder too little, 
than that the heavy and light residues, once separated, had been mixed together. 

Dr. Chandler is at some pains to show that a cost of a few cents per gallon will remove the naphtha from 
dangerous kerosene. When kerosene sells at wholesale for less than seven cents a gallon, a few cents a gallon 
would be a large per cent. of its value. What per cent. of the present price of refined petroleum would be required 
to place all of the oils sold at a flash test of 100° F., and of good quality as regards color and sulphur compounds, 
I am not able to say. I have not the least doubt, however, that it is quite impossible to convert Bradford oil, with 
all its paraffine, into illuminating oil of good quality in all respects by one distillation and one treatment unless the 
whole distillate below 60° B. is run into burning oil. I am quite certain that it is impossible to crack the heavy 
residue from which the normal burning oil that exists in the petroleum has been run off and produce a good oil 
by one distillation and one treatment, nor do I believe that such an oil can be made safe, that is, with a flash test 
of 100°. The question of how much additional expense would be involved in rendering oils prepared by one 
distillation safe involves quite a radical change in the manufacture of these oils; a change that would, of necessity, 
increase the cost of the oils, and would, therefore, have to become universal, but which would not necessarily 
render the manufacturer’s profit less certain. At the same time it would improve the quality of the oils to the 
manifest advantage of the consumer in respect to safety, health, and economy. That poor oils are not safe has been 
fully proved; that they are not healthful is as clearly proved by the vapors of sulphurous acid and the products 
of imperfect combustion from crusted wicks and imperfect flow of the oil. Dr. Beil says, when commenting upon 
the three samples of American kerosene examined by him: 

It is apparent that a kerosene containing such a quantity of heavy oil, and that in addition to this is contaminated by tarry 
substances containing sulphur, cannot possibly satisfy the demands of the public. While the heavy oils are not in a condition to ascend 
to the flame in sufficient quantity, the carbonized tarry substances obstruct the wick and prevent the further ascent of the kerosene to 
the flame. (a) 

That they are not economical is further shown by the research of Dr. Beil, in which the illuminating power of 
these common oils is compared with astral oil with the following result: 


ILLUMINATING POWER AT A LEVEL DISTANCE OF-— 


























Gem, gem, 12cm, 14m, 
Standard 2 2e.-..--5 204 7 38. 35 1. 36 0. 80 
Astral 2th.) .3,1 7 4.50 | 3. 00 1. 36 
Imperlal a. ie. esc eae 7 6. 00 3. 00 1. 36 
RussIAN Loan se rem ses (0) 7 6. 25 * 4,45 3. 70 
Ragsinns: scensecec eee (a) 7 5. 20 | 4.00 3. 00 
Russian... 3. cease (b) 7 5.70 | 3.20 | 1.65 | 
PRUSSINN. 2c cccces =| Cd) ont Qa tess Se SS Free bitrate eee cee Aaa e sees | 





At 6™ the oils are equal; at 9°" the astral oil is 34 per cent. better than the kerosene; at 12™ the astral 
is 120 per cent. better than the kerosene; and at 14°™. the astral is 70 per cent. better than the kerosene. The 
average value of the astra] for that distance above that of the kerosene is 274 per cent. In addition to the inferior 
illuminating power of these inferior oils we have the fact that they are consumed more rapidly. I am not aware 
that any exact determinations have been made respecting the comparative rapidity with which equal quantities of 
these oils are consumed, but it is undoubtedly a fact that oils containing a large proportion of benzine are 
consumed much more rapidly than those that consist of what Dr. Biel calls “‘ normal burning oils”. 

I am informed that the demand for “ high-test” oils is not equal to the amount that can be made from the 
petroleum manufactured. Manufacturers the world over can only make what they can sell, and the ignorant and. 











a Dingler, cexxxii, 357. 
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reckless buy the cheapest oil, regardless of all other considerations, encouraging the production of these cheap oils. 
It is here that intelligent legislation is required, to protect the ignorant purchaser on the one hand, and the honest 
manufacturer from unprincipled competition on the other, as well as the innocent public, especially prominent 
as women and children, from the consequences that follow the use of dangerous oils; not safe even with patent 
“safety lamps”. As Dr. Chandler said ten years ago: 

It is not possible to make gasoline, naphtha, or benzine safe by any addition that can be made to it. Nor is any oil safe that can be set on fire 
at the ordinary temperature of the air. * * ™ Even when the ‘‘safety lamp” has an ally in the form of a “safety can”, it still fails to 
make naphtha safe. It is an axiom that no lamp is safe with dangerous oil, and every lamp is safe with safe oil. * * * What we want is 
safe oil; with it all lamps wall be safe. (a) 

This axiom expresses a permanent truth. The legitimate use of naphtha for illuminating purposes will be 
further discussed in Chapter III. 

Referring to page 218, it will be observed that Dr. Chandler concludes, from his experiments upon the 
temperature of the oil in burning lamps, that ‘it is apparent that 100° F. is too low a standard for safety; 120° F. 
would not be too high a standard”. 

While it cannot be denied that these conclusions are correct as indicating a standard of absolute safety, it 
will be observed that in these experiments the extreme temperature of oil in glass lamps was 98°, being never 
over 8° above the temperature of the room. The higher temperatures were in metallic lamps, in which the oil 
reached 27°, and in one instance 39° above the temperature of the room, the exceptional temperature being 
reached by student-lamp No. 24. Metallic lamps are widely but not generally used, and student-lamps are so 
constructed as to reduce the danger of explosion toa minimum. It therefore appears to me that if legislation 
strictly required all oil to be brought to a flash test of 100° F. the general public would be fairly protected in the 
legitimate use of such oils, so far as mere legislation alone can afford protection. Such legislation should rigidly 
exclude all forms of naphtha from use in households, in lamps or in stoves of any pattern whatever, as always, 
under all circumstances and under whatever name or guise, more dangerous than gunpowder. An oil that will 
not take fire when thrown from a lamp broken upon a brick floor heated to a temperature of 93° is a safe oil for 
legitimate use. Floors are rarely heated to that temperature. A temperature to which oil is heated in lamps of 
ordinary construction in a room the atmosphere of which stands at 93° is a safe temperature. An oil that did 
not reach 100° under the last conditions stated, and that did not take fire under the first conditions stated, flashed 
at 100°. I therefore conclude that an oil that flashes at 100° I’, is a safe oil, and while oils that flash at a higher 
temperature, and that cannot be prepared by cracking petroleum by one distillation, are more safe, healthful, and 
- economical, legislation can hardly require anything further than a reasonable limit of public safety. 


SECTION 3.—METHODS OF TESTING PETROLEUM. 


I have not been able to ascertain where, when, and by whom the question of safe oils was first agitated. 
Early in 1861, when I was engaged in examining petroleum in the laboratory of Brown University, Professor N. P. 
Hill (now Senator Hill, of Colorado) was interested in this subject, and it was with his assistance, if not at his 
suggestion, that the experiments described in Mr. Allen’s paper, previously quoted, were undertaken. The method 
of conducting the test, as described by Mr. Allen, was at that time supposed to be sufficient, and it is my belief 
that when undertaken by a careful manipulator, accustomed to the use of apparatus, it is; but it soon after became 
apparent that in untrained hands this method of manipulating was in many respects deficient. As a result, a large 
variety of apparatus and of methods have been contrived for testing oils, both in America and in Europe. The 
following descriptions of several testers, that represent the classes to which they belong, are taken from an 
elaborate article in the Sanitary Engineer, abridged from the article of Messrs. Engler and Haas in the Zeitschrift 
fiir Analytische Chemie, 1881 : (b) 


Petroleum testers may be divided into two classes, according to the principle upon which they are constructed. In the first class, 
the vapor expansion of the petroleum is measured at a stated temperature, and from this its combustibility ascertained ; while in the 
second class the temperature is determined at which the oil evolves inflammable vapor. To the first class belongs the apparatus of 
Salleron-Urbain, which is the most accurate of its kind, and the only one to be described. Most testers belong to the second class, and are 
known as ‘‘ opened ” or “‘ closed”, the latter because the surface of the oil is more or less protected from the atmosphere. 

In some countries two points are determined in testing petroleum: the first is that of the temperature at which the liquid begins to 
give off an inflammable vapor, and is known as the ‘‘flashing point”; while the second, or ‘‘burning point”, is the temperature at which 
the liquid continues to burn when ignited. Most forms of apparatus are constructed with reference to the determination of the flashing 
point only, and, as an oil becomes dangerous at the temperature of its flashing point, there is no necessity for a further test. 

The flashivg point of a petroleum will be found to vary according as the vessel is partly or entirely filled with petroleum, is open or 
closed, the petroleum is quiet or agitated, whether the air above it is in a large or small volume in relation to the quantity of oil, whether 
quiet or in motion, whether charged more or less with the vapor evolved from the petroleum, and, xbove all, as to the distance of the 
torch from the surface of the oil. It is also necessary to consider the kind and size of the taper used, the length of time it is allowed 
to remain near the surface of the oil in applying a test, the dimensions and material of the oil-holder, and the rapidity and uniformity of 
heating. As these conditions vary in different forms of apparatus, the flashing point will be found higher or lower; and eyenin the same 
apparatus this may happen, according to the care given to the manipulation in the above respects. 

Salleron-Urbain’s apparatus, in which the expansion of the vapor of petroleum is determined, is used principally in France. It 
consists of « copper vessel, A, Fig. 48, in which is fixed the conical pillar D, and which is covered by the plate dd fitting on its upper 
edge. C is a movable plate turning on the pillar D, and held in place by the screw n. In this movable plate is the cylindrical chamber 

















a Am. Chem., iil, 24. b Oil and Drug News, 1881. 
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B, closed at the top by the screw-plug p, while its lower opening can be placed in communication with the vessel A by means of the 
opening 0, or by turning the plate C it can be sealed by the upper surface of d. There are also inthe plate d a thermometer, a graduated 
tube m,35e™ long, and the regulating apparatus J, which consists of the screw 7, so arranged that by raising or lowering it the water level 
in m is made to stand at zero. 

Fifty cubic centimeters of water are put in the vessel A, the plate dd and the sliding piece C are screwed down tight by n and so 
placed that the chamber B does not communicate with A. B is nearly filled with the petroleum to be tested, the screw p replaced, and 
the whole placed in warm water until the temperature has become constant. The water level in m is placed at zero, and then the plate 
C is moved until the opening of B comes over the opening 0. The petroleum spreads upon the surface of the water in A, and by the 
expansion of its vapor causes the water to rise in the tube m, when its height is read. By a comparison of this number with the known 
expansion of the vapor of normal petroleum at a corresponding temperature the combustibility of the oil is determined. For this purpose 
a table accompanies the apparatus which gives the obtained vapor expansion of normal petroleum in m for different temperatures sought. 

This method depends upon the supposition that the numbers which express the expansion of the petroleum vapor run parallel with 
the temperature of the inflammability of all kinds of petroleum. It has been found, however, that this supposition is not correct for all 
cases, inasmuch as the presence of a small quantity of a very volatile hydrocarbon occasions, by increased temperature, a correspondingly 
greater pressure in the tube m, without its being sufficient to form an explosive mixture with air. Experiments were made on samples 
of petroleum prepared by mixing in varying proportions oils of low and high boiling points, and from these experiments it is concluded 
that a small percentage of a volatile constituent, notwithstanding the equal inflammability of the oils, occasions an uncorresponding 
increase of the vapor expansion. From this it is evident that while this form of apparatus would give accurate results in some cases, it 
could not be depended upon in others. They have concluded that oils are to be considered safe that exhibit a tension of 64™™ of water 
at 35° C. 

The second class of petroleum testers are designed for the determination of the ‘flashing point”, or temperature at which the oil 
gives off an inflammable vapor. The majority of testers, and those found most reliable, belong to this class. 

The older forms consisted of an open vessel partly or entirely filled with petroleum, and heated until inflammable vapors were formed 
upon the surface of the oil. These have been improved by placing the petroleum in a closed vessel, by which the conditions of the actual 
use of the oil in lamps is more nearly attained. 

Of the open testers the Tagliabue, the Danish, and the Saybolt are the most important. 

Tagliabue’s open tester, Fig. 49, was employed in the official testing of petroleum in this country until 1879, and even now it is used 
in Germany with immaterial changes and under variousnames. It consists of a brass water-bath A upon the stand B, heated by the lamp C. 
D is the glass petroleum-holder, in which is immersed the thermometer E. The bath is nearly filled with cold water, allowing for the 
displacement by the oil-holder. D is filled to the top with the petroleum to be tested, care being taken not to wet the rim, the thermometer 
placed in position, and the lamp lighted. The heating should be gradual, and, if necessary, the lamp be occasionally removed. When the 
oil has reached the temperature at which you wish to begin the testing, a small flame, either from a wooden splinter or a gas jet, is slowly 
and carefully passed over the petroleum, about 12™™ (nearly half an inch) from its surface. If no flashing takes place, this is repeated as 
the temperature rises until the flashing point is reached. During testing the apparatus should be protected from draughts of air. 

The Danish tester differs from Tagliabue’s only in having the petroleum vessel of copper instead of glass, and in being but partly 
filled with oil. 

The Saybolt tester was, in 1879, adopted by the produce exchange of this city in the testing of refined petroleum. It resembles the 
open tester of Tagliabue, differing only in the use of the electric spark for the burning splinter. It is represented in Fig. 50, and consists 
of the copper water-bath F, containing the petroleum-holder, which, with the other parts of the apparatus, are placed on the tray C, and 
for transportation can be inclosed in the box A. D D are the covers of two battery elements. H is a current breaker, E an induction coil, 
and ee the conducting wires for producing the spark over the surface of the petroleum. a is the thermometer of the oil-holder, and a! 
that of the water-bath. 

In using this apparatus the bath is filled with water and heated to 100° F., after which the lamp is removed. The oil-cup, filled to 
within 3™™ (4 of an inch) of the top with the petroleum to be tested, is placed in the bath and the thermometer immersed in the oil until 
the bulb is just covered. As the temperature of the oil is raised to 90° F., produce a spark by the key H, and after replacing the lamp 
repeat this operation every two or three degrees until the flashing point is reached. 

The apparatus of Abel, represented in Fig. 51, is employed in England in determining the flashing point of petroleum. It consists 
of the copper cylindrical vessel D, in which is the water-bath, composed of the two copper cylinders B B and C C, the latter resting on 
the ring g g and covered by the plate K K; fis a funnel for filling the water-bath, and e is the thermometer placed in it. 

The brass petroleum-holder A rests in an ebony ring fixed in the plate K, and hangs in the air-filled space H of the water-bath. It 
is provided with a closely-fitting cover, through which passes the thermometer b, and upon which is placed the small oil-lamp ce, movable 
upon the horizontal axis. There are also in the cover three rectangular openings, which can be opened and closed by the sliding bar d, 
by the movement of which the lamp is so tipped that its nose comes opposite to the opening in the middle of the cover. 

The oil-lamp can be replaced by a gas flame, which is much cleaner, and was used in the experiments with this apparatus. 

The water-bath is filled and heated to 54° C. A is then filled to the mark a with the petroleum to be tested, covered and placed in 
the space H. The wick of the lamp is arranged to give a flame 4™™ long. When the temperature, by the thermometer }, has risen to 19° 
C., the tests are commenced, and repeated every degree or two until the flashing point is reached. In testing very volatile oils the air- 
space H should be filled with cold water, and in the testing of oils of high flashing point this water should be heated to about 50° C. 

In closed petroleum testers the oil is heated in a closed vessel until inflammable vapors rise from the oil into the empty part of the 
holder. There are a large number of these testers; among them those of Tagliabue, Abel, Sintenis, Parrish, Bernstein, and others. 

The Tagliabue closed tester is represented in Fig. 52, and consists of the water-bath A and the petroleum holder B, both of brass. 
The latter is provided with a cover, upon which are fixed the hood C, containing a rectangular opening a, the sliding bar b, for opening 
or closing the aperture beneath it, and lastly the thermometer D. 

There is also an improved form of this tester differing from the first in the arrangement of the cover, which is shown in Fig. 53. In 
this a a is the cover, with openings under the movable bar b b, by which they are closed; f f are small openings in b b, closed by the piece e, 
held up by the spring beneath it. By pressing upon the knob ec the apertures ff are opened, and the bar b b can be moved by the 
handle g. 

In using the apparatus, the water-bath and oil-holder are filled and the bath gradually heated by the spirit-lamp. When the 
thermometer reaches a definite temperature a small flame is introduced through the opening a into the hood C; and at the same time the 
bar b, in Fig. 52, is moved to one side, or, as represented in Fig. 53, the knob ¢c is pressed down, in order to establish communication with 
the air by openings b orf f. This testing is repeated as the temperature rises until the flashing point is reached. 

The next petroleum tester to be noticed is the Parrish naphthometer. It is used chiefly in Holland, and differs from those already 
described in that the inflammable mixture is carried out of the petroleum holder to a stationary flame. It is represented in Fig. 54, in 
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which A is the tin oil-holder, C the water-bath, D the support, and E the lamp. The holder is provided with a projecting cover, in which 
is the cylinder d, having in its axis a small tube, with a wick running into the petroleum. ¢ is a screen, against whose base rests the glass 
plate f for protecting the thermometer from the heat of the wick flame, and lastly B is a chamber communicating with the air, in which 
are the openings a and b b, the former for the circulation of the air through the petroleum-holder, and the latter to allow the passage of 
the oil from B into A. The thermometer ¢ is placed inthe vessel B. 

The bath is tilled with cold water, and the oil-holder with the petroleum to be tested, to a point 1°™ below the rim. The heating 
must be slow and effected by the spirit-lamp, whose flame is only 1 to 1.5°" high. The small wick in dis then lighted, care being taken 
that the flame is not more than 6 to 7™™ high. The heat of this flame produces a current of air, which, coming in through the opening a, 
spreads over the surface of the oil and passes out by the tube d, taking with it the vapors evolved from the heated oil. When the oil 
vapors are sufficient in amount to produce an inflammable mixture, they are ignited by the flame in d, the flame being extinguished by the 
sudden motion of the air. At this moment the flashing temperature is read. 

The apparatus devised by Engler is of the closed form, to which is added an electric mechanism similar to that of the Saybolt tester. 
Tt is shown in Figs. 55 and 56, and consists of the copper water-bath A, heated by the spirit-lamp B. CC isa glass vessel for water, which 
has a filling mark etched upon it; m m is the cover, and n the thermometer. In the cover is the glass petroleum vessel D, also provided 
with a filling mark, and to which is fitted the brass coveroo. The latter is shown in Fig. 56, in which will be noticed the following details: 
88 are two movable covers, tt the conducting wires, insulated by the ebony rings u u, r the thermometer, and q the handle of the stirrer p, 
seen in Fig. 55. The conducting wires terminate in platinum points in the vessel D, from 4 to $°™ above the surface of the oil, and at a 
distance of 1™™ from each other. For the production of the electric spark a chromate cell is used, with an induction apparatus which 
gives a spark at least 2 to 3™™ long. The electric apparatus of the Saybolt tester answers very well. In using this tester the baths A 
and € are filled with water, and D is filled to the mark with the oil to be tested. When the petroleum vessel is in place the water in C 
should stand 1™ below the rim. The wires are connected with the induction coil and the lamp lighted. As the temperature rises to the 
testing point the spark is passed every degree, care being taken that the spark continues from one-half toone second. After each passage 
of the spark the oil is gently agitated by the stirrer. The operation is continued in this way until an explosion occurs, by which the covers 
s 8 are thrown open. 


The difficulties that have been found to attend the construction of an apparatus that in every one’s hands 
should give uniform results have been considerable. In the experiments of Engler and Haas three kinds of 


petroleum were employed in testing the various forms of apparatus, and at the start the flashing point of each oil 
was carefully determined in a closed apparatus. 


SUE hada eee ee a ee ee NI eg... 880 Cee TL OOP, 
Spun: ITS NG LO yet Geter CSC eae ESS OS bie ce eae ae or ge ae ee er ee 290" Ca posae oie 
peeve uthess Ch MEST A atl Si ieee acura aA ets Caan Mag AG ae ea cl emer LR 40° C.=1049 F. 


The following table shows the temperatures at which they flashed in the testers named : 

















Tester. A. B. C. 

Deg. O. Deg. O.- Deg. O. 
Tagliabue, open. ..--- peace ney tor Bens 32.2 to 48.8 45.5 to 57.2 
AMIS NM ae ayes seisetoe = 22m: | 19.5 to 21.0 29.0 to 31.0 42.0 to 45.0 
Bacialeewncere. ste a 30.6 to 31.7 36.1 to 36.6 48.8 to 52.7 
PLAS MADUCH COSCO: emma a telecine sie = cisfastentc lela de 245.0 TOG 4a) Weacie wees se tae we 
AD OME ee eeiee dolce sae. st seo | 16.0 to 17.1 22.2 to 23.8 32.4 to 33.8 
IR OTVISI EE erie se sees e oe ies: | 20.7 to 23.0 25.5 to 30.7 36.5 to 39.0 
sEin Sle mie see enintae os/seetsics 21.0 to 22.5 28.0 to 30.5 39.3 to 39.7 

| 








The average of the several tests with the different instruments on the same samples are given in the following 
table: 




















Testers. No. of tests. Average. Variation. 
Deg. OC. Deg. O 
{ A 6 30. 95 16.1 
uA Tagliabue, open.........- B 9 42. 00 16. 6 
| C 6 52. 20 13.3 
A 5 20. 80 3.5 
Danish) open) .csen.--2--- J B 4 30. 00 2.0 
C 4 43. 25 3.0 
| A 4 31. 30 pak 
Saybolt, open ...........- B 2 36. 35 0.5 
| C 2 50. 75 3.9 
Tagliabue, closed .......... B 18 31. 68 15.4 
(| pe taiar-§ 16. 60 an: 
Abel, closed...........-+- B7 22. 64 1.6 
| C 3 32. 96 1.8 
f Ay 5 21. 40 Paty 
Parrish, closed! s.as==;s5 51 B15 27. 30 5.2 
| C9 37. 70 2.5 
| | A 21.95 1.5 
Engler, closed ...... .... B19 29. 40 2.5 
} Gw2 39. 50 0.4 
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The great variation in the results given by Tagliabue’s open tester were due to a variation in the height at 
which the flame was passed above the oil, and the temperatures indicate different heights, from 1™™ (0.04 of an inch) 
to 12™™ (0.47 of an inch). 

The uniformity of the results furnished by Engler’s apparatus upon sample B, where eleven out of nineteen 
tests were within a variation of 1° C. and sixteen out of nineteen tests were within 1.5° C., is quite remarkable, and 
shows that this apparatus is greatly superior to most of the others in this respect. 

By the use of the double water-bath and the stirrer the heating is slow and regular, and, so far as possible, is independent of the size 
of the heating flame. Moreover, by the use of the electric spark, the size, intensity, and distance of the igniting agent is always the same, 
and in consequence of its short duration no vapor formation is noticeable. Finally, the form of this tester is such that the conditions. 
maintained in its use closely resemble those which are found to exist in petroleum lamps. Herr Victor Meyer is of the opinion that, in the: 
use of the ordinary petroleum testers, the true or absolute flashing temperature of the oil is not found, but a temperature higher or 
lower than the one sought, depending upon the capacity of the various forms of apparatus and the quantity of petroleum employed. The 
progress recommended consists in putting about 40 cubic centimeters of the petroleum in a glass cylinder of about 200 cubie centimeters 
capacity, and placing this in a vessel of warm water until the petroleum has reached the testing temperature. The cylinder is then 
removed, and the oil well shaken; after which a test is made by means of a gas flame, to see if the oil can be lighted. It is clear that in 
this process we obtain a constant maximum of the saturation of the oil with petroleum vapor corresponding to the prevailing temperature. 


In this country the open tester of Tagliabue was at first in general use, and later his closed tester. The New 
York produce exchange has, within a few years, adopted Saybolt’s. In England and Canada Abel’s has been 
adopted; in France both open and closed testers, particularly the tester of M. Granier, has been used, as well 
as the apparatus of Salleron Urbain; in Holland the naphthometer of Parrish; and in Russia, and also in 
Germany, some of the open testers have been employed. 

It is manifest that the great difference in the results given by these instruments, included between 22.64° C.. 
and 42°C., when made by the same person on the same oil, indicates that a decision should first be had in respect 
to the instrument used before the temperature should be determined at which an oil is considered safe. 

I think that more attention has been paid to this subject in England than in this country, or it would perhaps. 
be more proper to say that in England the subject has received consideration in a manner that has produced more 
satisfactory results. There legislation has been national; here it has been local. There the subject was placed in 
the hands of eminent scientific men, and legislation was had in 1868 based upon the results of their labors. This. 
legislation described the instrument and the manner of testing, and fixed the test at a flash at 100°F. After a 
trial of two years, during which numerous criticisms were found to lie against the provisions of the law, Professor 
F. Crace Calvert subjected the working of the apparatus under the act to very careful examination, and concluded (a) 
that— 

These results show theinfluence of time in raising six samples of petroleum spirits from 52° F. to their flashing points. Thus, when 
fifteen or twenty minutes are employed, the whole of the six samples tested could not be called ‘‘petroleum”, according to the act of 1868 ;. 


the owner would be liable to a penalty and the loss of the fluids, whilst if the time employed to heat the liquid is half an hour they 
would all be considered petroleums, their flashing points being above 100° F. 


His results are given below: 
FLASHING POINT. 








No. of | Time, 15 | Time, 20 | 
sample. | minutes. minutes. | 


Time, 30 
minutes. 
| 





Deg. F. Deg. F.; Deg. F.} 
9 











Des tecenee | 96 8 102 
ae eee 92 99 101 | 
Sees 90 98 101 
pl | 94 96 104 
Bee coeewes | 96 98 | 110 
Base dae e 95 99 108 





He further remarks on this point: 


I am therefore of opinion that as the act has been made to protect the public from fire and explosions resulting from the employment 
of too highly inflammable hydrocarbons, the chemist or person called upon to test liquids of this class should raise the temperature of the 
fluids as quickly as possible; otherwise they favor the vendor and manufacturer, to the detriment of the consumer. 

The next series of experiments was made with a view of corroborating a statement made by Mr. Norman Tate, viz, if two thermometers 
are placed in the petroleum spirit, one, as indicated in the act, 14 inches below the surface of the liquid, the other being only one-half 
inch below the surface, a difference of several degrees wiJl be noticed between them at the time the vapors will flash. * * * The 
following results confirm Mr. Tate’s observations: 


Flashed at— Flashed at— 
Naw4 pie sects ee Re ee te ert sos sae ct an ok rs et nee 94° F. 14 inches. 99°F. tinch. 
NOs 8. cee ao de wis atin aia aie ef Wee ee NESTS SE ee hee nigel ee 94°F. 14 inches. 98° F. 4 inch. 
NOs 6.5208 Soro at 2 econ ere eee Oe Semele et arse ene ne en 95° F. 14 inches. 99° F. 4 inch. 


This curious and unusual fact is due, in my opinion, to this: that petroleum not being a homogeneous liquid, but a mixture of several 
hydrocarbons, the highest products being first expelled, the heat rises toward the surface, and in this way the difference in temperature 
referred to is produced. 
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After suggesting a remedy for these difficulties Professor Calvert closes his article as follows: 


From the above experiments the following conclusions may be drawn, viz, that the petroleum act of 1868 does not give sufficient 
and precise instruction for testing petroleum spirit; therefore it is to be hoped that government will take the matter in hand and do 
away with the objections to the present act, substituting more clearly defined rules and instructions, so as to enable the operator to 
determine the flashing point of petroleum spirit with greater accuracy. 


This subject was again very fully discussed by Mr. Boverton Redwood, secretary of the Petroleum Association 
of London, in 1875, (a) in a letter to the English Mechanic and World of Science, in which he gives a very excellent 
popular description of the manner of testing petroleum under the petroleum act then in force. 

In July, 1875, the Secretary of State for the Home Department requested Professor F. A. Abel, chemist to the 
War Department, to report on certain points relating to the method of testing petroleum as prescribed in Schedule 
1 of the petroleum act, 1871. In accordance with this request he submitted his report, dated August 12, 1876, 
Before commencing his investigations he consulted, among others, the late Dr. H. Letheby, Dr. J. Attfield, Dr. B. 
H. Paul, and Mr. Boverton Redwood, representing with himself an unsurpassed array of talent and experience with 
reference to this subject. I quote here this report entire as representing the most complete and intelligent discussion 
of this subject extant, based upon a most exhaustive scientific research, and confirmed by comparative tests in such 
a manner as to make it a model for a basis of intelligent legislation. 


REPORT TO THE SECRETARY OF STATE FOR THE HOME DEPARTMENT ON THE SUBJECT OF THE TESTING OF 
PETROLEUM. 


In compliance with the request of the Secretary of State for the Home Department, as conveyed by Home Office letter, dated July 7, 
1875, 1,386, 61 a, Appendix V, that I should report on certain points relating to the method of testing petroleum as prescribed in Schedule 
1 of the Petroleum Act, 1871,I now submit the following statements and the conclusions at which I have arrived respecting the points 
specially submitted for my consideration in the letter above referred to: 


I. 


With reference to the merits of the method of testing petroleum at present prescribed. 

In the evidence taken before a Select Committee of the House of Lords in 1872, the relative merits of and the relation existing between 
the open flashing test which is prescribed in the existing petroleum act and a modified flashing test, called the ‘‘close test”, which it was 
proposed to substitute for the former, were discussed by a number of witnesses. 

The opinions expressed and the experimenta] data upon which the opinions were based were in several respects very conflicting. 

The statements of a great majority of the witnesses were, however, in accord with regard to the unsatisfactory or fallacious nature 
of the open flashing test as laid down.in the existing Petroleum Act. 

The important objection raised against the open test is, that it is liable to “ manipulation”, i. e., that in consequence of certain very 
readily variable elements in the details of the test (added to the interfering action of even slight currents of air) the flashing point of one 
and the same sample of oil may be made to differ many degrees in the hands of different operators (or of one and the same operator at 
different times). 

The majority of witnesses also were agreed in the opinion that the proposed ‘‘close test’? was decidedly more reliable in itself and 
much less open to manipulation than the open test. The differences of opinion with regard to it were almost entirely confined to the 
necessity for some modifications in its details and to the relation which the results furnished by it bear to those obtained with the open 
test, or, in other words, the particular temperature which in dealing with the ‘‘ close test” should be held to correspond to the standard 
or ‘‘flashing point” (100° Fahrenheit), fixed in the existing act as applied to the open test prescribed. On the latter point a very 
considerable difference of opinion existed between two sections of witnesses; on the one hand, the results of a number of experiments 
made by several witnesses with the close and open tests were adduced in support of the conclusion that a flashing point of 85° given by 
the close test should be accepted as equivalent to 100° by the open test, while on the other hand similarly strong testimony and extensive 
experiment supported the view that the standard flashing point for the close test (equivalent to 100°) should not be higher than 75°. 

These differences of opinion were obviously ascribable, in great measure, to the unreliableness of the present (open) test, and also to 
certain variable points in the details of the ‘‘ close test”, which tend to allow of the results furnished by this test being also regulated 
(though not nearly to the same extent as with the open test) by small variations in the modus operandi adopted by different experimenters. 

The opinion which I myseif had formed from the results of practical experience 1n the employment of the flashing test, as prescribed 
in the schedule of the existing act, was quite in accordance with the general opinion of the witnesses examined before the House of Lords 
committee as to its untrustworthiness. Moreover, after careful consideration of the subject, it appeared to me, to say the least, very 
doubtful whether certain sources of errror could by any modification of the arrangements and directions laid down in the schedule of the 
existing act be eliminated to such an extent as greatly to reduce the liability of the test to furnish results not fairly comparative with 
each other, and its susceptibility to ‘‘ manipulation” or regulation in the hands of different experimenters. 

Before proceeding to examine into the merits and defects of the proposed ‘close test”, and to endeavor to supply the want of a 
generally satisfactory test (either by a modification of one of the known tests or by elaboration of some new method of experimenting), 
I considered it desirable to ascertain whether the additional experience of the last three years had led some of the principal witnesses and 
others who had given attention to this subject to modify the views expressed at that time orto form any decided opinion as to the direction 
in which a satisfactory solution of the difficulties connected with the present system of testing might be sought. 

I therefore addressed circular letters (Appendix I) to the following: 

Mr. T. W. Keates, consulting chemist of the Metropolitan Board of Works. 

The late Dr. H.Letheby. — 

Dr. J. Attfield. 

Mr. Dugald Campbell. 

Dr. B. H. Paul. 
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The secretary of the Petroleum Association. 

The secretary of the Scottish Mineral Oil Association. 

The local authorities under the act at Liverpool and Bristol. 

As the replies to my communications, which I received from several of the above, embody the present views entertained with regard 
to the test prescribed by the existing act and the points which require consideration in the attempt to provide a satisfactory test, I consider 
it advisable to give the following précis of such replies. 

Mr. Keates says: ‘‘The present test fails by the nature of the test itself; it is not possible to preclude sources of inaccuracy in its 
use.” He proceeds to point out that a considerable difference in results may arise with different operators, working with the utmost 
honesty of purpose according to the interpretation put upon the directions of the schedule of the act (as to rate of heating, application 
of test flame, etc.), but that ‘‘such differences are trifling as compared with those which can be obtained when there is a desire to get away 
from the truth”, such differences being always in one direction, viz, in postponing the time at which the ignition of the vapor takes place. 
He proceeds: “I think it is conceded that the present open test is fallacious, and that it can be made to give different results by 
different operators, according to the wish or intention of such operator.” Mr. Keates then dwells upon the merits of the close test, the 
adaptation of which he had advocated in 1872, and says: ‘“‘ With a proper regulation as to the application of the light to the vapor 
chamber very close agreement can be obtained, and I do not think the test is capable of manipulation.” He expresses his belief that 
the close test is not objected to per se, but that the point upon which great difference of opinion exists is the difference to be made in the 
parliamentary standard of temperature if the close test be substituted for the open test, which was the main point of dispute in 1872. 

The late Dr. Letheby stated that the difficulties in the way of obtaining trustworthy results with the present (open) test, applied 
“according to the spirit” of the instructions laid down, are manifold, arising in some cases from the faulty construction of the apparatus, 
in others from the erroneous method of working, and in others from the indefinite nature of the instructions.” After discussing the 
difficulties included under these three heads, and pointing out that the instructions originally laid down by him, Dr. Attfield and myself, 
in 1869, embody most of the improvements and alterations required to make the present test more certain and satisfactory. Dr. Letheby 
proceeds to say that, ‘‘considering an open test must, under any circumstances, be uncertain, because of the diffusion of the petroleum 
vapor into the atmosphere,” he thinks ‘‘a closed test would be more satisfactory”, and that the only difficulty is the point at which 
the legal standard of temperature should be fixed. As regards this standard, he differs considerably from Mr. Keates, and in support of 
his view refers to experiments made by himselt and Mr. Dugald Campbeli (and confirmed by Mr. Norman Tate and Dr. Robinson), which 
were quoted in the evidence given before the House of Lords committee. 

Dr. Attfield simply expresses the opinion that nothing short of an original investigation will lead to a satisfactory solution of the 
difficulties connected with the test. 

Mr. Dugald Campbell discusses in detail the defects in the instructions laid down for the use of the present test, and which he regards 
as giving rise to the discrepancies occurring in the application of the test. He considers, from the results of his own experience, that if 
certain points, which he details in connection with the application of the open test, be adhered to, ‘‘ independent experimenters would not 
materially differ in their results.” Mr. Campbell’s experience with the close test does not lead him to form so favorable an opinion of it 
as is entertained by Mr. Keates, but he considers that ‘‘ with strictly defined rules for applying the test”, which are carefully carried out, 
the results furnished by it ‘‘are likely, on the whole, to be rather more uniform than with the open test”. He considers that some 

modifications in the construction of and mode of working with the close test as described in 1872 are necessary, and is in accordance 
with Dr. Letheby regarding the standard temperature which should be adopted with the close test (as equivaleut to 100° with the open 
test). 

Mr. B. Redwood, the secretary of the committee of the Petroleum Association, in expressing the views of that committee, considers 
that the difficulties which have arisen in the application of the present test are due to a ‘‘ want of detail in the parliamentary directions 
for applying the test, and to the delicacy of the test or liability to uncertainty in the hands of unskillful operators”. The committee 
consider that if directions with regard to the rate and uniformity of heating the apparatus, and of the size and character of the flame 
ased for testing, had been strictly laid down, ‘‘ the results of different operators would have approximated more closely, and that with skilled 
persons the results would have been sufficiently uniform to have given satisfaction. Inasmuch, however, as the inspectors under the act 
are men whose training has not qualified them to perform operations involving close details of manipulation, the committee are driven to 
the conclusion that the present test, even with such amended instructions for its use as have been instanced, would be found too 
delicate.” 

In discussing the directions which should be taken for providing a better test, stress is laid upon the desirability of adopting a 
system of testing which would preserve the existing standard of 100°, as the public, having been ‘‘educated in the belief that anything 
over i00° Fahrenheit means safety and below 100° danger, might associate any lowering of the standard with increased risk to themselves 
even if such lower standard were explained to be equivalent to an equally stringent and more certain test ”. 

Mr. Redwood proceeds to consider the directions in which, failing the possibility of an efficient modification of the existing open 
test, another test might possibly be sought, and considers, with reference to these, that— 

(a) The American or fire test (which consists in determining the temperature at which the surface of the heated petroleum takes 
fire permanently) is as open to discrepancies as the present legal test. 

(b) The automatic tests which have been proposed (depending for their action upon the vapor traveling to a fixed distance and 
there becoming ignited) are too complicated for general use, and have not given encouraging results. 

(c) The close test involves a lowering of the standard flashing point, and is therefore objectionable. 

The committee of the Petroleum Association state their opinion through Mr. Redwood, that if it should not be possible to modify 
the open test so as, while preserving the present standard, to reduce its delicacy sufficiently to allow of its satisfactory employment ‘‘ by 
an inspector of average intelligence”, “‘the closed test would appear to be the best substitute, but would, of course, necessitate a reduction 
of the standard,” in consequence of which ‘‘the prejudice created in the mind of the public would have to be combated”. In the event 
of my deciding in favor of the close test, the committee refer me to Mr. Red wood’s evidence before the House of Lords committee in 1872, 
in which he agrees with Dr. Letheby and Mr. Dugald Campbell regarding the standard temperature to be adopted in connection with 
this test as equivalent to the present legal standard of 100°. 


In conclusion, the committee request that Mr. Redwood may be allowed to exhibit to me the precise method adopted by the Petroleum 
Association in testing the petroleum imported into London. 


The Liverpool Petroleum Association expresses their concurrence in the statements submitted by Mr. B. Redwood, as secretary of 
the Petroleum Association. 

The Local Government Board of Bristol adopt the views expressed by the representative of the petroleum trade in Bristol, Mr. F. F. 
Fox, to whom they referred my letter of inquiry, and who suggests that, ‘‘following the example” of the Petroleum Association of 
London, the object aimed at should be ‘‘such an improvement of the existing test as shall take away (if possible) its present imperfections, 
or, failing this, the adoption of the closed vessel, provided an equivalent standard be fixed”. 
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The secretary of the Scottish Mineral Oil Association is desired to state that the directions, as detailed in the existing act, are much 
too indefinite, and that the test is subject to extraneous influences which produce discrepancies in the results of even conscientious and 
careful chemists. The association considers it desirable to have a testing apparatus, the range of variations of which cannot, under any 
circumstances, be more than two or three degrees, and that the close test is the most satisfactory and reliable one that can be adopted. 
Such an apparatus as was described in the proposed bill of 1872 is believed to meet the views of every one, and is certainly the most 
accurate test which has had the attention of the association. It should, however, be distinctly stated, with reference to this close-test 
apparatus, “that the movable cover for the circular opening should be removed only when the light is being applied, and immediately 
replaced if no flash be produced.” 

From the foregoing précis will be seen— 

(1.) That the authorities quoted are agreed in regard to the unsatisfactory nature of the existing method of testing petroleum, as 
prescribed in Schedule 1 of the Petroleum Act, 1871. 

(2.), That they are also in accord as to the great difficulty, if not impossibility, of modifying the existing ‘‘open test” so as to render 
it capable of uniformly insuring reliable and satisfactory results in the hands of different operators. 

(3.) That the close-vessel test, Which it was proposed to prescribe in the contemplated act of 1872, is more satisfactory than the 
present open test ; but— 

(4.) That differences of opinion exist with regard to the relation which the results furnished by this “‘close test” bear to the present 
open test; and— 

(5.) That there are evidently some points of uncertainty connected with the proposed ‘‘close test” which render it also liable to 
furnish different results in the hands of different operators. 

The results of my own experience with the present legal test, and a careful examination into the various points raised in the 
foregoing with regard to it, and to the “close test” which it has been proposed to adopt as a more trustworthy test, led me to the following 
conclusions: 

(a) That the method of testing petroleum prescribed in Schedule 1 of the Petroleum Act, 1871 (34 and 35 Vict., cap. 105), is not of 
such a nature as ‘‘uniformly to insure reliable and satisfactory results”. 

(b) That the ‘close test”, which it was proposed in 1872 to substitute for the existing “open test”, and which was discussed in the 
evidence taken before a select committee of the House of Lords in session in 1872, though more satisfactory, is open to objection on several 
grounds, and is liable to furnish different results in the hands of different operators. 


II. 


With reference to the alterations in method of testing petroleum which should be adopted to secure reliable and satisfactory results. 

In addressing myself to the preparation of a reply to the second point submitted for my consideration in the letter addressed to me 
by the Under Secretary of State for the Home Department, I proceeded, in the first instance, to consider whether it was possible to devise 
some method of testing differing entirely from either of those which have been referred to, and which would be likely to prove satisfactory, 
as being sufficiently simple, certain, and free from liability to involuntary or intentional modification in the hands of different operators. 
My examination into the merits of some automatic tests which have been proposed, and a trial of one or two other plans which suggested 
themselves, for comparing the volatility of samples of petroleum by operations placed more or less beyond power of control by the 
manipulator were not attended by promising results. 

The possibility of modifying the present legal test (the open test), so as to reduce within satisfactory limits the existing sources of 
discrepancy, next received a most careful consideration by me; but I came to the conclusion that, supposing directions could be laid 
down or arrangements contrived for securing uniformity in the rate of heating the oil to be tested, in the temperature at which the 
operation of testing is commenced, and in the nature and mode of applying the test flame, one great source of uncertainty inherent in 
the test—namely, the free exposure to the air of the surface of the oil from which the vapor is evolyed—would still remain. 

At the suggestion of Mr. Boverton Redwood I witnessed some testing operations conducted with the open test, but with the 
employment, in place of the ordinary thermometer, of an ingenious combination of a thermometer and clockwork, devised by Mr. R. P. 
Wilson (a) (and called by him a chrono-thermometer), the stem of the thermometer being made, with its scale, to form a circular frame, 
surrounding a dial with clockwork. The object attained by this arrangement is to ascertain readily that the rate of heating is in 
accordance with any prescribed regulation, the hands of the clock being made to keep time with the rise of the thermometer. The same 
result is, of course, attainable in ordinary practice by having a timepiece in close proximity to the test apparatus, so that it may be watched 
at the same time as the thermometer and the rate of rise of the latter regulated accordingly. The employment of Mr. Wilson’s 
arrangement is certainly more convenient than having to watch the thermometer and timepiece separately; but it adds a somewhat 
expensive item to the apparatus, and, supposing that by its employment uniformity in the rate of heating could be secured, only one 
element of uncertainty in the existing test would then be avoided. 

The general concurrence in the comparatively satisfactory nature of the ‘‘close test” led me to consider next whether it might rot 
be possible to remove the points of uncertainty involved in the employment of that test by different operators. The chief variable poinis 
connected with it are— " 

(1.) The rate of heating of the apparatus. 

(2.) The nature of the test flame to be used. 

(3.) The precise position in which the test flame is to be applied, and the duration and frequency of its application. 

Considerable differences of opinion were expressed by experts in their examination before the House of Lords committee as to the 
rate of heating which should be adopted in the application of the open test, differences of opinion which apply equally to the ‘close 
test”. 

Having carefully considered this point, I have come to the conclusion that it is unimportant whether the rate of heating be 1° or 29 
per minute or 20° in fifteen minutes (the three rates insisted upon by different witnesses in the evidence), or whether a decidedly different 
rate of heating be adopted, provided the source of heat and amount of heat employed, and the mode of applying 1t, be the same in all 
cases, such definite rules being laid down with respect to this, and such precautions being taken in the construction of the apparatus, as 
to render the attainment of uniformity by different operators simple and certain. 

The suggestion to apply hot water as the source of heat in connection with a flashing test was made by one of the House of Lords 
committee in 1872, and Mr. Keates stated that this subject had received consideration, but that decided objections had been advanced 
against this mode of heating. Being strongly of opinion that hot water presented the only simple means of securing uniformity in the 
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rate of heating, I made many experiments, with a view of attaining, by ane arrangements, a satisfactory rate of heating by its means, 
which should be uniform with different apparatus of uniform construction and dimensions. By inclosing the hot-water vessel in an air 
chamber (or a jacket with intervening air-space), and by interposing an air-space between the hot water and the receptacle for the 
petroleum, I succeeded, on the one hand, in satisfactorily retarding loss of heat by radiation, and, on the other hand, in securing a 
sufficiently gradual transmission of heat to the petroleum. The rate of transmission of heat is not uniform throughout all periods of one 
single operation, but it is uniform at the same periods in different operations, and the average rate of heating is uniform. At the 
commencement, when the petroleum is cold and the water at its maximum heat, the rate of heating is necessarily most rapid, while as 
‘the temperature approaches the flashing point the rise of temperature, which for some time previously has been very uniform, becomes 
somewhat slower. The comparatively rapid heating at the commencement of the operation is decidedly advantageous, and the diminution 
toward the close is not sufficiently great to increase the legitimate severity of the test. : 

The temperature of 130° Fahrenheit has been fixed upon as a convenient one for the water to have at the commencement of the 
experiment; this temperature gives, with the apparatus of the dimensions adopted, a mean rate of heating of about 2° per minute during 
an experiment. The only operation which is to be performed in preparing for the heating of the petroleum to be tested is, at starting, to 
fill the heating vessel entirely with water at 130° Fahrenheit. The supply of water of the required temperature may be prepared by adding 
hot to cold water, or the reverse, ina jug, and watching the thermometer, which is moved about in the water until the desired temperature 
is indicated. When the heating vessel is filled with the properly warmed water, the petroleum cup being immediately afterward placed 
in position, the operator has not to concern himself any further with regard to the heating, and has only to attend to the rise of temperature 
in the cup and to the test flame. When the next test has to be performed, the water in the bath may be again raised to the proper 
temperature by the application of a spirit-lamp flame, and this is readily accomplished while the test vessel is being emptied and refilled 
with a fresh sample of the petroleum to be tested. 

That the rate of heating must be rendered uniform by this mode of operation when the temperature of different samples of petroleum 
to be tested does not differ greatly is self-evident, and experiment has shown that, even if considerable differences exist between the 
temperatures of different specimens, the extra time required to raise the colder oil to the temperature approaching that of the minimum 
flashing point does not seriously affect the uniformity of the rate of heating at that part of the operation when this uniformity is of 
importance. There is, however, no difficulty whatever in avoiding any great variations in the temperatures of the samples tested at 
different times; thus, the warmth of the hand will soon raise a cold oil to a normal temperature, and a warm oil is easily cooled down to 
such a temperature by immersing the bottle containing it in water. As long as the temperature of the samples at the time of testing 
ranges between 55° and 65° the uniformity in their rate of heating will not be affected to an extent to influence the results furnished by 
the test. As illustrating the uniformity in the rate of heating, it may be stated that in two experiments made with one and the same oil, 
the temperature of which at the time of starting the test was 64° in one experiment and 70.5° in another, the average rate of heating 
during the rise of temperature from 75° to 85° was almost identical, being, during that portion of the test, 1.04° per minute. The only 
difference in regard to the heating in the two experiments was that with the oil at the lower temperature a period of six minutes was 
required to raise the temperature to 75°, while with the warmer oil only four minutes were required to attain the same result. The 
illustrations of results furnished by the proposed test apparatus given at page 224 show conclusively that they are not affected by 
differences even greater than the above in the temperatures of the oils at the commencement of the test. 

The nature of the test flame to be used, and the mode of using it, were next considered by me, and very much time and labor have 
been expended upon the endeavor to provide a test flame which, with little care, could be maintained for some time of uniform size, and 
which might be allowed to remain throughout the testing operation or during the greater part of the time in a fixed position over the 
vapor chamber of the petroleum cup, my desire being, if possible, to render the actual operation of testing perfectly automatic. 

Having satisfied myself that with the petroleum cup filled to a definite height there is no objection to keeping a small aperture in 
the lid of the cup (similar to that which exists in the lid of the close-test apparatus) constantly open, a very small oil-lamp was contrived, 
capable of maintaining a flame of the size of the test flames (furnished by a small gas jet or by twine) used in connection with the present 
test, and the lamp was so attached to the apparatus that when the testing was proceeded with the position occupied by the test flame 
over the opening in the cup was inevitably the same in all instances, 

The variations in the length of time for which the flame was applied, in the rapidity of its movement in and out of the opening and 
in the frequency of its application, all constituted sources of discrepancy between the results obtained by different operators with the 
two tests hitherto used, which I proposed to set aside in the manner above indicated, i. e., by keeping the small lamp in a fixed position 
from the time when the rise of temperature indicated an approach to the lowest attainable flashing point until the completion of the 
operation. This result was attained after numerous modifications of the small test lamp, and the form of the latter which I eventually 
adopted permitted of the attainment of uniformity in the size of the test flame by a very simple trimming operation. 

The position in which the thermometer was fixed into the lid of the petroleum cup was modified so as to allow of the reading of the 
temperature simultaneously with the watching of the test flame being much more conveniently performed than in the present apparatus. 

Although very satisfactory results were obtained by the arrangements just referred to, some difficulties were experienced in keeping 
the flame of the test lamp of uniform size throughout a consecutive series of test operations, and slight currents of air were found to affect 
the results obtained too greatly to render the test thoroughly reliable. After a long series of experiments, carried out with the view of 
overcoming these difficulties, I was eventually led to return to a method of operation very similar to that adopted in the original ‘ close 
test”, but with this important difference, that uniformity was secured in the nature of the test flame, the mode of applying it, and the 
position in which it is applied. 

The application of the flame is in fact rendered quite automatic in the proposed form of test apparatus, the mode of operation being 
as follows: 

The top of the petroleum cup has an aperture, as in the case of the old close-test apparatus, but in the center of the lid; this 
aperture is kept closed by means of a metal slide, working in grooves, and having two small uprights. These uprights support the little 
test lamp, which for this purpose is fitted at the upper part with small trunnions. When the temperature of the petroleum approaches 
that of the minimum flashing point, the slide is slowly drawn out of the grooves to the full extent permitted by a check; when this point 
is just reached, a very simple contrivance causes the test lamp to be tilted, so that the flame is always lowered into the opening in exactly 
the same position. Two seconds of time are allowed for withdrawing the slide, and thus the test flame is applied in all instances for the 
same period. (a) This operation is repeated at the termivation of every degree indicated by the thermometer until the flashing point is 
attained. 








a A small weight, suspended in front of the operator from a string 2 feet in length, answers the purpose of regulating the opening 
and shutting of the aperture. The slide is gradually drawn open during three oscillations of the pendulum, and is then rapidly closed 
during the fourth. 
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In this, as in the old close-test apparatus, each time the aperture is reopened and the test flame is applied a small portion of the 
mixture of air and petroleum vapor necessarily escapes from the chamber, in consequence of the outward current established, and hence 
the proportion of air in the mixture of vapor and air formed in the chamber must become reduced each time the test is applied, and thus 
the ready explosiveness of the mixture is liable to some variation. A simple contrivance has been applied in conjunction with what may 
be called the “‘ testing slide” for remedying this possible source of discrepancy in the test. The opening which the withdrawal of the 
slide exposes for the application of the test flame is in the center of the upper surface of the chamber. Just before it becomes open to the 
full extent, and the test flame is lowered into place, two smaller openings, one on either side of it, become also uncovered by the drawing 
back of the slide and serve to admit air to replace that part of the mixture of air and vapor which is withdrawn from the chamber by the 
current which sets in the direction of the test flame; as the slide is pushed back again, these two openings are closed the instant before the 
central opening is closed again. 

The description of oil and wick most suitable for the little test lamp are given in Appendix II. When coal-gas is available, it may 
be substituted for oil in the production of the test flame, as being decidedly more convenient, and for this purpose an arrangement which 
can be used in place of the lamp, and which admits of a small gas frame being applied automatically in exactly the same manner as the 
oil flame, has been devised as an alternative adjunct to the apparatus. 

Even with a strict adherence to the prescribed method of heating the petroleum to be tested, and with the employment of the 
automatic test arrangement constructed precisely in accordance with the instructions laid down in the appendix, uniform results would 
not be obtained in the application of the test unless the petroleum cup be filled in all instances up to to the same height, and, indeed, up 
to a height which a long series of experiments (varied in many ways) has demonstrated to be the one which best insures the attainment 
of uniform results. A simple gauge, consisting of a small bracket, terminating in a point, is fixed within the cup, and indicates the 
precise height up to which this is to be filled with the liquid, which has simply to be poured in gradually until its level just reaches the 
point of the gauge. 

The thermometer which serves to indicate the flashing point is rigidly fixed into the lid of the petroleum cup ina sloping position, so 
that it enters the liquid at the center of thesurface. The length of that part of the thermometer which is inclosed in the cup is so adjusted 
that when the !atter is filled to the prescribed height the surface of the liquid is 0.2 inch above the bulb. The precautions combine to 
render the readings obtained with the thermometer reliable indications of the actual temperature of the petroleum during the testing 
operation. The sloping position of the thermometer scale enables readings to be very conveniently taken. 

Detailed instructions with regard to the application of the proposed method for testing are given in Appendix II, and Appendix IV 
gives the details of the proposed test apparatus. 

The method of testing, arranged as described, is so simple in’ its nature that any person of ordinary intelligence, after carefully 
reading the instructions, or after having been once shown the operation, can carry it out readily, and no experience is required for the 
attainment of uniform results with it. 

The following results, not selected, which have been obtained with the pattern apparatus sent with this report, illustrate the 
uniformity in the working of the test as now elaborated, and it should be particularly noted with respect to these results that in experiments 
with one and the same sample considerable variations in the temperature of the oil at the commencement of the experiment did not affect 
the accuracy of the results obtained: 























| Temperature |Temperature | Temperature fy | Temperature) Temperature, Temperature : 
Sample. No. of of bathat | of oil when | at which | Flashing Sample. | No. of of bath at | of oil when at which | Flashing 
experiment. | commence- placedin | testing was |. point. experiment. | commence- placed in testing was | point. 
ment. bath. commenced. | : ment. bath. commenced. | 
—_—_—_ H - —— = 
Deg. F. Deg. F. Deg. F. Deg. F. | Deg. F. Deg. F. Deg. F. Deg. F. 
A. 1 130 66. 0 68 q7 K. 2 130 63. 0 71 82 
2 130 68.5 70 V7 3 130 66. 0 69 82 
3 130 69. 5 71 77 Tt 1 130 54.0 68 75 
B. 1 130 70. 6 71 80 2 130 53. 5 64 75 
2 130 71.0 71 80 M. 1 130 54.0 66 81 
Cc. 1 130 68. 0 70 82 2 130 67.0 69 | 81 
2 130 69. 0 70 82 NG 1 130 57.0 63 73 
3 130 70.5 71 81 2 130 59. 0 60 72 
D. 1 130 59. 0 63 75 3 130 57.0 63 73 
_2 130 63.5 67 76 O. 1 130 62.0 67 79 
/ 3 130 70. 0 71 76 2 130 57.0 63 79 
E. 1 130 57.0 65 72 P. 1 130 60.0 65 79 
2 130 59. 0 62 71 Q. 1 130 59. 0 65 | 74 
3 130 61.0 62 72 2 130 57. 0 67 75 
4 130 68. 5 69 72 3 130 67. 0 67 7 
F. 1 130 63. 0 65 78 R. 1 130 66.0 69 78 
2 130 65. 0 70 78 2 130 64.0 67 78 
3 130 66. 0 67 78 SS) 1 130 64. 0 65 | 70 
G. : I 130 70. 0 70. 84 2 130 63. 0 64 70 
2 130 74.8 75 84 a 1 130 63. 0 | 66 80 
H. Zz 130 74.0 75 80 2 130 64. 0 75 79 
2 130 65. 0 66 80 3 130 65. 5 75 80 
I 1 130 68. 0 68 78 U 1 130 66. 0 67 73 
| 2 130 65. 0 67 | 2 130 64. 0 ape fin Mer 26 
J. 1 130 59. 0 68 79 3 130 67.0 68 | 74 
2 130 REO} 69 79 Vv 1 130 67.0 69 80 
K. 1 130 57.0 61 | 81 2 130 70. 0 70 80 






































It will be seen that the foregoing table embraces a considerable range of flashing points; the samples which gave the results there 
recorded had flashing points ranging from 98° to 126°, as determined by the present legal test. All these were examined with equal 
facility and with equal accuracy (as shown by the results obtained with one and the same sample), the temperature of the water in the 
heating vessel having been in all instances 130° at starting. But with oils of much higher flashing points than the highest in the above 


232 PRODUCTION OF PETROLEUM. 


series the supply of heat furnished by the amount of water contained in the heating vessel, raised to a temperature of 130°, would not be 
sufficient; and even if in such cases the water in the bath be raised to a much higher temperature, the intervention of the air space 
between the petroleum cup and the source of heat (which plays an important part in regulating the source of heat in the ordinary use of 
the test) prevents the very high flashing oil from being raised to its flashing point within any reasonable period. If, therefore, the first 
experiment made in the ordinary prescribed manner with a sample of oil indicates a very high flashing point (about 100° or upward), the 
following modified mode of proceeding must be adopted for determining its flashing point. The air chamber which surrounds the cup is 
filled with cold water t% a depth of 14 inches, and the heating vessel or water-bath is filled as usual, but also with cold water. The lamp 
is then placed under the apparatus and kept there during the entire operation. (a) 

With this simple modification of the ordinary mode of working concordant results will be obtained with oils of the highest flashing 
points. It need hardly be stated that the greater majority of petroleum oils have flashing points within a smaller range than that 
represented by the annexed tabulated results, and that the application of the mode of proceeding last described will be limited to 
comparatively heavy paraffine oils, of which it is desired to determine the flashing points. 

Having satisfied myself of the satisfactory working of the proposed test apparatus, I invited Mr. Keates, the consulting chemist to 
the Metropolitan Board of Works, and Mr. B. Redwood, the secretary of the Petroleum Association, to inspect it, and to witness the 
operation of testing with it. The appended extracts of letters (Appendix III) from those gentlemen show that they concur in considering 
that the difficulties which existed in connection with the present legal test, and also, though to a less extent, with the close test in the 
form in which it was proposed by Mr. Keates, are removed by the mode of operating which has been elaborated. 

At the instance of Mr. Peter McLagan, M. P., the apparatus was also inspected by a representative of the Scottish Mineral Oil 
Association, Mr. John Calderwood, whose unqualified approval of it is recorded in the appended extract of a letter from him (Appendix 
III). 


iGO fe 


With reference to the ‘‘flashing point”, which, with the proposed test, should be fixed as equivalent to that of 100° Fahrenheit 
obtained with the present legal (open) test, and to the question whether the flashing point of 100°, or its equivalent, is ‘‘calculated to 
afford efficient protection to the public without unduly interfering with or restricting the trade”. 

With the view to establish the relation existing between the results furnished by the proposed test and by the present legal test 
experiments were made with a series of samples of petroleum, the flashing points of which had been determined by the test as prescribed 
in the act. Among these samples there was a considerable number for which I am indebted to the kindness of the secretary of the 
Petroleum Association. 

As Mr. Boverton Redwood has had great experience in the testing of petroleum, both by the open test and by the close test, which 
it was at one time proposed to adopt, I requested him to attend at my office and test a number of the samples with which he was so good 
as to provide me, 

In the first instance, however, I convinced myself that the results which that gentleman obtained by operating according to the 
directions laid down in the act, and also by applying the original close test, agreed very well with those obtained by Mr. T. W. Keates 
and by an experienced assistant in my establishment. Mr. Redwood and Mr. Keates were so good as to attend at my department to exhibit 
to me their ordinary mode of operating in applying the test, and the flashing points ascribed by those gentlemen (operating on different 
days) to particular samples were sufficiently in accordance to warrant my accepting the numbers obtained by Mr. Redwood in testing 
the series of samples referred to as representing the flashing points which would generally be obtained by experienced persons operating 
according to the methods hitherto practiced. 

There is no doubt that the flashing points which one and the same operator, of such experience as Mr. Keates and Mr. Redwood, 
obtains with different samples of oil, using one and the same open test or close test apparatus, bear very generally a correct relation to 
each other; occasions will, however, unavoidably arise, even under the above very favorable conditions, when the defects inherent in 
those methods of testing will give rise to irregular and discordant results. Hence it is not to be expected that flashing points furnished 
by the comparatively accurate method of testing now proposed should present anything approaching absolute uniformity of relation to 
all those furnished by either of the other tests. Thus, as might have been anticipated, among the samples of oil which have been tested 
with the new apparatus there are several which, though they gave flashing points identical or nearly so with each other when examined 
by the present legal test (the open test), were found to differ several degrees from each other as regards their flashing points when 
examined by means of the new test. 

In the examination of a number of samples by the new test and by the proposed close test the relation between the flashing points 
furnished by the two tests varied somewhat; the ‘‘new test” flashing points ranging from two to five degrees lower than the results 
furnished by the close test. Of 26 samples, ten gave flashing points with the new test 4° lower than the results obtained with the old 
close test, six gave results 5° lower, five 3° lower, and five 2° lower. 


a With oils of very high flashing points the rate of heating does not affect the accuracy of the results obtained. Therefore, if it is 
known to the operator that he is dealing with oils of very low volatility, he may save time by starting with the water raised to a 
temperature of about 120°. The following results are given in illustration of this: 














moe “Temperature | Go phctiely ae ‘ 
Pay No. o of bath at | of oil when ashing 
Description of samples. experiment. | commence- placed in point. M3 
ment. bath. : 

L Deg. F. Deg. F. Deg. F. 

1 78 78.0 147 

Young’s patent lubricating oil....... 2 110 74.0 146 

3 120 80. 0 147 

Il. 

‘eorex! 74 74.0 131 

Young’s patent lubricating oil ....... gee? me $8.8 ki 

| 3 100 72. 5 131 

4 lll 72.0 131 
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In applying the new test to 29 samples which had been examined by the present legal (open) test the following results were 
obtained: 























Brphes of | Hnshingpeinie| aching point) rence 
Deg. F. Deg. F. Deg. F. 
1 98 70 28 
2 100 71 29 
3 100 72 28 
4 100 74 26 
5 100 75 25 
6 101 73 28 
7 101 78 23 
8 101 74 27 
9 102 75 27 
10 103 75 Ay axed 
11 104 75 29 
12 104 76 28 
13 104 77 27 
14 104 78 26 
15 104 78 26 
16 105 80 25 
17 106 79 27 
wy 106 80 26 
19 106 81 25 
20 108 82 26 
21 108 83 25 
22 108 80 28 
23 109 84 25 
24 110 83 27 
25 110 82 28 
26 110 81 29 
27 110 81 29 
2 3 | 113 87 26 
| 29 126 100 26 
| | 














t will be seen from an examination of these numbers that one among the samples gave a flashing point with the new test only 23° 
lower than that given by it when exatined by the open test, while with four others there was as great a difference as 29° between 
the flashing points furnished by the new test and the present legal test. Excluding the single sample which showed the comparatively 
small difference above specified between the two tests the following is a synopsis of the observed differences between the two tests: 








pepo 
| between the 
ree of flashing points 
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| | the two tests. 
| Deg. F. 

5 25 

7 26 
5 27 

7 28 

4 29 








1t would appear, therefore, from the results of these experiments, that the difference between the flashing points furnished by the 
present legal test and those obtained with the proposed new test ranges from 25° to 29° inclusive, and it should be borne in mind that the 
“new test” flashing points which have indicated this range of differences are all the results of two or three concordant experiments. 

Taking samples of oil which by the ‘‘open test ” gave flashing points of 100° and 101° (of which there are seven in the above series), 
the flashing points of these samples, determined by the ‘‘ new test”, ranged from 71° to 78° inclusive. Again, the flashing points of five 
samples, which were all shown to be 104° by the open test, ranged with the new test from 75° to 78° inclusive. Three samples, having all 
a flashing point of 106°, as determined by the open test, gave flashing points ranging from 80° to 82° inclusive by the new test; three, 
all flashing at 108° ( open test), ranged from 80° to 83°, and four, flashing at 110° (open test), ranged from 81° to 83° inclusive. Oils of 
flashing points between 98° and 106° inclusive (open test) gave flashing points ranging between 70° and 80° by the new test, and those 
which with the open test ranged from 106° to 110° inclusive gave results with the new test ranging from 80° to 84° inclusive. 

While the open test (the present legal test), and even the close test which has been proposed as its substitute, give what may be 
termed broad results, the new test, which appears to be as nearly absolute as a test of this kind can be made, gives precise results. For 
this reason, I am of opinion, so far as the results which have hitherto been obtained with the new test warrant my speaking decisively on 
the subject, that it will be necessary with the new test to adopt a range of 4 or 5 degrees to correspond to what has hitherto been regarded 
as the minimum flashing point which petroleum oils supplied to the public should have; in other words,I consider that the difference 
between the results furnished by the new test and the present legal test cannot be expressed by one figure, but must be represented by a 
range of figures (say, from 25° to 29°), : 

It need hardly be pointed out that great difficulties have arisen in connection with the present regulations respecting the testing of 
petroleum oils, consequent upon the legalized acceptance of oils as safe, or their condemnation as dangerous, upon a difference of even one 
degree in their flashing points, as determined by a test which may give differences of several degrees with one and the same oil in the 
hands of different operators, . 
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With the adoption of a comparatively precise test, such as there is good reason for believing the proposed one to be, these difficulties 
should cease to exist, and I consider that a minimum flashing point may be adopted and strictly enforced with the employment of the new 
test without creating an opening for justifiable differences of opinion, such as have arisen in connection with the present legal test. 

Having given my earnest attention to the evidence brought before the House of Lords committee in 1872, and to the questions which | 
have arisen from time to time respecting the occurrence and causes of explosions or other accidents with petroleum, I have come to the 
following conclusions: 

(1.) The present legal ‘‘ flashing point ” of 100° Fahrenheit by no means limits the acceptance of oils of that supposed flashing point 
to such as have only one particular degree of volatility, but indeed may admit oils as being just within the prescribed limits which really 
differ decidedly from each other as regards volatility. 

(2.) There appear, on the other hand, to be no well-established grounds for considering that ‘‘adequate protection to the public” has 
not been afforded by adopting the flashing point of 100° Fahrenheit as the limit with the present legal test, or that the general results 
which that test has furnished in its application to determine whether oils imported have flashing points below the prescribed limit have 
been productive of risk to the safety of the public, even though there may be reason to believe that occasionally oils submitted as just 
within the limit have had decidedly lower flashing points than those of other oils which have been recorded as identical with them in 
this respect. 

It may therefore be considered that the minimum flashing point to be adopted in connection with the new test may, without danger 
to the public, be fixed at that point which corresponds to the lowest results (not exceptional) which are furnished by applying the new 
test to a series of oils having a common flashing point of 100° when examined by the present legal test. 

It may also be considered that the fairest course would be to base the equivalent, with the new test for 100° (furnished by the open 
test), upon the mean of the differences between the two tests applied to a large number of oils (with possibly the exclusion of a completely 
exceptionally extreme result). The objection would probably be raised against this course by importers of petroleum oils that it would 
have the effect of excluding from the market some oils which, under the present act, might be admitted as having a flashing point of 100°, 
and which past experience has failed to prove dangerous. Thus, if the mean difference between the flashing points given by the two tests 
in the results shown in the foregoing table be accepted as determining the equivalent for the present legal minimum flashing point (100°), 
then that difference being 27°, the equivalent for 100° would, with the new test, be 73°; but if that be adopted as the minimum legal 
flashing point with the new test, two out of 28 samples which the present legal test might have admitted would have been excluded from 
the market if the new test were in force. 

Looking to the fact that these two particular samples, though found to have a flashing point of 100°, gave lower results than others . 
of the same flashing point, not only with the new test, but also with the close test, it does appear as if they were oils of just that class 
which has given rise to occasional disputes, namely, oils which in the hands of some operators would have had flashing points below 
100° assigned to them, and which might, therefore, even under the present conditions of testing petroleum, be excluded from the market 
by the balance of conflicting opinions. 

After carefully considering this question, I have come to the conclusion that 27° Fahrenheit might, without injustice to the trade, 
be accepted as the difference between the results to be furnished by the new test and the present legal test; or, in other words, that 73° 
might with the new test be accepted as the equivalent for the present legal minimum flashing point of 100°. 

It appears to me, however, that it would be much more satisfactory if, before a final decision is arrived at on this point, a very 
considerably larger number of experimental data than those which I have been enabled to obtain with the means at my command were 
procured with the new apparatus and by several operators experienced in theemployment of the old tests. It would unquestionably much 
facilitate and expedite further action in the matter of modification of the existing law with reference to the testing of petroleum, etc., if 
Mr. Keates, of the Metropolitan Board of Works, Mr. Redwood, of the Petroleum Association, and. an experienced operator selected by the 
Scottish Mineral Oil Association were invited to obtain test apparatus made in exact accordance with the pattern apparatus now 
submitted and to apply it to the testing of a number of samples of petroleum, the flashing points of which had also been determined by 
the present legal test. If portions of those samples, with the results obtained, were then forwarded to me by those gentlemen, apparent 
discrepancies could be examined into, and the ‘‘ equivalent flashing point” of the new test be established upon a large number of results 
to the satisfaction of all interested in the adoption of a uniform system of testing. : 

If this suggestion be acted upon, I would recommend that the same persen who, under my direction, has constructed the pattern 
apparatus, should make the apparatus required by those gentlemen, and that those apparatus should, in the first instance, be compared 
by me with the pattern now submitted. 

In the event of the adoption of the new test, the apparatus submitted with this report (and of which photographs, (a) measurements, 
and specification are appended) should be preserved as a standard apparatus and placed in charge of some competent and suitable 
authority (e. g., under the weights and measures office), who should inspect and:test, or have tested, all apparatus which are made for 
use under act of parliament, for the purpose of ascertaining that they are in accordance with the pattern and specificaton. Such 
apparatus should then bear some official stamp or mark by which they can be identified as legal apparatus. 

Since the attainment of uniform results with the test is dependent upon the uniform construction of the apparatus, it is indispensable 
that such a course should be pursued, and its adoption could, I apprehend, present no practical difficulties. 

In conclusion, I submit, with special reference to the letter of the Secretary of State for the Home Department of July 7, 1875, 1386a 
61, Appendix V, the following brief summary of the results and conclusions to which I have been led by the inquiry which forms the 
subject of this report: 

(1.) The method of testing petroleum as prescribed in Schedule 1 of the Petroleum Act, 1871 (34 and 35 Vict., c. 105), is not “‘of a 
nature uniformly to insure reliable and satisfactory results”. 

(2.) A method of testing petroleum has been elaborated for adoption in place of that prescribed in the petroleum act, 1871, due regard 
having been had to the fact “that the testing must in many instances be carried out by persons who have had comparatively little 
experience in conducting delicate experiments”. This method, while resembling in its general nature the one hitherto used, is free from 
the defects inherent in the latter, and is so arranged that it can be carried out, with the certainty of furnishing uniform and precise 
results, by persons possessing no special knowledge or skill in manipulation. With ordinary attention, in the first instance, to simple 
instructions, different operators cannot fail to obtain concordant results with it, and it is so nearly automatic in its nature that it is not, 
like the present method of testing, susceptible of manipulation so as to furnish different results at the will of the operator. 

(3.) There are not, in my judgment, any well-established grounds for considering that the present flashing point of 100° Fahrenheit 
is not ‘‘ calculated to afford adequate protection to the public”. 








a These are necessarily omitted from this reprint.—B. R. 
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(4.) With the employment of the new test, a minimum flashing point should therefore be adoptec which is equivalent, or as nearly 
as possible so, to the flashing point of 100° Fahrenheit, as furnished by the present test. 

(5.) From the uncertain character of the present test, it follows that the “ flashing points” furnished by it are not always concordant 
with oils of the same degree of volatility, and that the same flashing point is sometimes assigned by it to oils of different degrees of 
volatility. On the other hand, the comparatively.very precise test now proposed furnishes, of necessity, concordant results with oils of 
the same degree of volatility. Hence the differences between the “flashing points” furnished by the present test and those obtained 
with the new test cannot be strictly represented by one figure, but may be considered as ranging from 25° to 29° Fahrenheit (inclusive). 

(6.) The results of a number of thoroughly concordant experiments with the new test, and a comparison of these results with those 
furnished by the present legal test, and also with those oLtained by employment of the close test, which it was proposed to adopt in 1872, 
indicate that a mean difference of 27° Fahrenheit may be legitimately accepted as the mean difference between the present test and new 
test, and that therefore a flashing point of 73°, furnished by the new test, may be accepted as equivalent to the minimum flashing point of 
100° adopted in connection with the present test. 

(7.) Although the conclusions given in the preceding paragraph are based upon the results of a number of carefully conducted and 
controlled experiments, it appears desirable that the minimum flashing point to be adopted in connection with the new test should be 
deduced from the results of a much larger number of experiments, and that these should be carried out with the proposed test apparatus 
by several independent operators of acknowledged experience in the testing of petroleum according to the methods hitherto practiced. 

(8.) It is therefore proposed that several test apparatus, precisely similar in construction to that submitted with this report, be 
prepared, and that, after having been found by me to furnish identical results, they should be employed by the chemist of the Metropolitan 
Board of Works, the secretary of the Petroleum Association, and a duly qualified representative of the Scottish Mineral Oil Association 
for the testing of anumber of samples of petroleum, the results, together with portions of the samples tested, being forwarded to me, with 
the view of their forming a basis for fina] report to the Secretary of State for the Home Department on that particular point. 

(9.) In the event of the adoption of the test apparatus submitted with this report, it is important that the standard apparatus, with 
drawing and specification, should be deposited with some government authority, whose duty it would be to examine and certify to the 
correctness of all apparatus made for the purpose of testing petroleum under the new legalized regulations. 

F. A. ABEL, 

AuaustT 12, 1876. Chemist of the War Department. 


Immediately upon receiving this report from Professor Abel, the Secretary of State for the Home Department 
requested Mr. Boverton Redwood to subject a large number of samples of oil to comparative tests, in order that the 
relation between the temperatures at which oils flashed when tested under the act of 1871 and when tested by the 
apparatus contrived by Professor Abel might be accurately determined. 


The samples tested numbered 1,000. They represented (excluding the trial samples) 97,766 barrels of oil, and formed a series thoroughly 
indicating the character of the various shipments which have reached England from the United States during a period of six months. The 
following is a synopsis of the results, taking the first 968 samples, all of which consisted of the ordinary (refined) petroleum of commerce: 
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Therefore, the whole of these samples afforded results within the range of figures given in Professor Abel’s report. 


On the other hand, it will be noted that the majority of the last 32 samples gave differences smaller than the minimum figures of 
Professor Abel’s results, the difference being as follows: 
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These, however, all consisted not of ordinary petroleum oil, but of the special kind which is known in the trade under the name of 
“(water-white” oil, and therefore the exceptional results afforded by them do not affect the question at issue, and are of interest only as 
showing that samples may be selected or specially prepared having flashing points by the two systems more closely approximating than 
those of the ordinary petroleum oil of commerce. This water-white oil, as is well understood, possesses the distinctive feature of low 
specific gravity in addition to that of high flashing point, being, in fact, produced at a considerably enhanced cost, by rejecting, in the 
process of distilling the crude oil, an unusually large proportion of the heavier as well as of the lighter hydrocarbons; and it is possible 
that this peculiarity may account for the smaller difference between the two tests, though I can suggest no explanation of its occurrence 
only with some parcels of water-white oil, unless it be that the special mode of manufacture referred to is more carefully carried out in 
some cases than in others. (a) 

On the whole, the results which I have obtained afford a complete corroboration of those given in Professor Abel’s report. The 
selection of a mean difference of 27°, or, in other words, of a standard of 73° with the new test, would undoubtedly, asis evidenced by my 
figures, lead to the condemnation by the committee of the Petroleum Association of a somewhat larger percentage of the oil imported, 
and would thus place the trade in a more unfavorable position; but, on the other hand, the adoption of a precise method of testing would 
reduce to a minimum those differences of opinion which, under the present system, may, as Professor Abel points out, lead in certain 
cases to the legal condemnation of oils which the trade inspection has shown not to come within the provisions of the petroleum act. (b) 





a These ‘‘water-white” oils were not cracked oils.—S. F. P. 
b Report of Mr. Boverton Redwood to the English Secretary of State for the Home Department. 
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It is not my intention in this report to advocate the claims of either the Saybolt, the Abel, or the Engler 
apparatus for testing oils, which are doubtless superior to all the others, but simply to present the subject as it 
actually exists, with all the difficulties attending it, and also such attempts as have been made to meet them. 


Srcrion 4.—PETROLEUM LEGISLATION IN THE UNITED STATES. 


In order to secure full information regarding legislation regulating the sale of petroleum products a schedule 
of questions was prepared and sent to the executive officer of each of the cities and towns having a population of 
10,000 and upward, as represented in Census Bulletin No. 45. Some of these schedules were filled with very great 
care, others were carelessly filled, others were returned with an indorsement of “no legislation” or something 
equivalent, and in some cases no return was made. The same schedule was also addressed to the secretaries of 
the different states and the secretaries of the different state boards of health, from nearly all of whom returns were 
received. I was present in April, 1881, at a meeting of the committee of the New York legislature having in charge 
the legislation then pending relating to the sale of petroleum products, and was also frequently consulted by 
committees of the Minnesota legislature during the successive years in which the subject was agitated in that state. 

From these several sources of information, of both a negative and a positive character, it appears that at the 
close of the census year seventeen out of the thirty-eight states of the Union were without other legislation relating 
to petroleum than that provided by the United States statute of 1867 (a) regarding mixing oils and prescribing a 
test of 110° (not given in the Revised Statutes), and an act regarding dangerous freight or stores on passenger 
steamers, ()) except that within those states there was a large number of cities having ordinances providing some 
test. Even the District of Columbia, whose laws are directly prescribed by Congress, has no other petroleum laws 
than the United States laws indicated above. Since the close of the census year a number of these seventeen 
states have passed laws relating to petroleum. 

It was found to be impossible to compile any general statistics as to laws even from the schedules that were most 
carefully filled; but the returns exhibited the confused condition of legislation regarding petroleum enacted by so 
many different legislative bodies more or less influenced by a great variety of opinions and interests. On the one hand 
there are advocates of extremely high test laws who have made their influence dominant in certain localities, and that 
influence has produced legislation that has either been openly disregarded or strenuously opposed until the repeal 
of the obnoxious laws had weakened the cause they were intended to strengthen. On the other hand, while there 
are honorable manufacturers of petroleum who make and sell safe oils and desire to be relieved from competition 
with the manufacturers of unsafe products, there are others who, without regard for the welfare of the public, 
desire to be allowed to make what they can sell, leaving the question of responsibility with the purchaser, and 
who therefore oppose all legislation, using their influence to secure the lowest test possible when legislation is 
inevitable. 

When the United States law of 1867 was passed the proportion of cracked oils in the market was much smaller 
than at present. That law required a fire test of 110° F. I have been unable to ascertain upon what basis the 
adoption of this test and the temperature rested. Several years subsequent to the enactment of this law the board 
of health of the city of New York made the whole question of dangerous petroleum products the subject of a most 
elaborate research by Dr. C. F. Chandler, and in consequence rejected the ‘fire test” as worthless and 
recommended to the city government the enactment of an ordinance that required a “ flash test ” as the only one of 
any value. The wisdom of this action has been indorsed by the whole course of English petroleum legislation. 
Some of the most able scientific men of this generation, after careful investigation of the subject, have shown that 











a And beit further enacted, That no person shall mix for sale naphtha and illuminating oils, or shall knowingly sell or keep for sale 
or offer for sale such mixtures, or shall sell or offer for sale oil made from petroleum for illuminating purposes inflammable at less 
temperature or fire test than one hundred and ten degrees Fahrenheit, and any person so doing shall be held to be guilty of a misdemeanor, 
and on conviction thereof, by indictment or presentment in any court of the United States having competent jurisdiction, shall be 
punished by a fine of not less than one hundred dollars, nor more than five hundred dollars, and by imprisonment of not less than six 
mouths nor more than three years. (U.S. Stat. at Large, Thirty-ninth Congress, second session, 1867, chap. 169, sec. 29.) 

As this section is a part of an act relating to internal revenue, the other sections of which have no relation whatever to petroleum 
legislation, it is an open question if, in the repeated revisions to which the internal revenue laws have been subjected, section 29 has not 
been long ago repealed.—S, F. P. 

b Sec. 4472. No loose hay, loose cotton, or loose hemp, camphene, nitro-glycerine, naphtha, benzine, benzole, coal-oil, crude or refined 
petroleum, or other like explosive burning fluids or like dangerous articles, shall be carried as freight or used as stores on any steamer 
carrying passengers. ¥ . Refined petroleum which will not ignite at a temperature less than one hundred and ten degrees 
of Fahrenheit thermometer may be carried on board such steamers upon routes where there is no other practical [practicable] mode of 
transporting it, and under such regulations as shall be prescribed by the board of supervising inspectors with the approval of the Secretary 
of the Treasury. 4 4 

Sec. 4474, The Secretary of the Treasury may grant permission to the owner of any steam vessel to use any invention or process for 
the utilization of petroleum or other mineral oils or substances in the production of motive power, and may make and enforce regulations 
concerning the application and use of the same forsuch purpose. ¥ FY 

Sec. 4475 prescribes the packing and marking of such oils, and Sec. 4476 prescribes the penalties for violation of the law. (Revised 
Statutes, U. S. Ed., 1872.) 
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a ‘‘fire test” is unsatisfactory, and also that a “flash test”, at a temperature equivalent to that of 100° F. in an 
open tester, is a satisfactory test to insure public safety. Oils that will sustain a “fire test” of 110° often flash at 
70° to 80°. While the overwhelming mass of evidence goes to show that a flash test of 100° is conclusive as 
regards public safety, there are large areas of the country with flash tests fluctuating between 120° and 150° 
as successive legislatures deal with the question, and other large areas where there is no state legislation. Under 
both these conditions the number of “kerosene accidents” is very large, while that portion of the country over 
which petroleum legislation is really effective is comparatively small. 

The acts that have proved most effective in affording protection to the public have provided that a state 
inspector, authorized to appoint deputies, shall be chosen by the governor, county judges, or state board of health, 
who shall inspect oils by testing each for either its flashing or its burning point, or for both, at a specified 
temperature. Provision is usually made for the payment of the inspector and deputies. In some instances this 
compensation is made too low to compensate a competent person for doing the work properly. The instrument 
with which the test shall be made is in many cases carefully described. Then the bonds of the inspector and of 
the deputies are fixed, and the penalties for violation of the provisions of the law are prescribed. 

There are two sources of danger against which legislation should be directed. ‘The first is the manufacture 
of unsafe oils; the second is the preparation of unsafe oils by mixture. The machinery of state inspection is 
cumbersome as related to the manufacturers, and inoperative as regards the dishonest, who will mix safe oils with 
benzine. The expense of an analysis or inspection of every barrel of oil sold in this country in such a manner as 
to be of any value is unnecessary, as these oils are transported in tank cars that hold on an average 100 barrels. 
The inspection of the contents of a car is of just as much value as the inspection of each particular barrel. The 
idea that one part or stratum of a tank of oil will test differently from another has no foundation in fact. Having 
conversed with a large number of persons connected with the petroleum trade, I am convinced that legislation 
embodying the following provisions would reduce the number of petroleum accidents to a minimum, and would 
meet the approval of all honorable men. To determine, as a first step, what method of testing, what instrument, 
and what temperature should be adopted as a standard of legislation, the President might be authorized by Congress 
to appoint a commission, in which the boards of health, scientific experts, and manufacturers of petroleum should 
be represented equally. It would be well to ask the governments of foreign countries, with which the trade in 
petroleum is large, to join in the consideration of this question through special commissioners. A small percentage 
of the losses of the country during a single year would pay all of the expenses of this commission. Upon the 
report of such a commission, laws could be based making the selling of a dangerous oil a misdemeanor in all cases, 
and manslaughter when death is occasioned by its use, as already provided when death results from illegal 

transportation of ‘nitric oils” and powder, and also providing for the recovery of damages in a civil suit for all 
losses to either persons or property occasioned by the use of such oi] —the retailer to be able to recover from the jobber, 
the jobber from the manufacturer, etc., until the responsible party is reached. One competent person, who should 
be authorized to enter premises and demand samples of oil for inspection, could do all of the necessary work for 
a large state, and he should be paid an adequate salary, not paid by fees. The examination of oils should not be 
contined to the flashing point alone, but should regard the percentage of sulphur, of benzine, and of heavy oil as 
well. This suggestion has met the approval of persons representing the producing, the manufacturing, and the 
selling interests as one which would make the manufacture of unsafe oils unprofitable, and, in addition, would 
prescribe penalties for the man who would willfully mix benzine with a good oil, tending to stamp out that nefarious 
business. In addition to a standard of testing for ordinary illuminating oils, another and much higher standard 
should be determined for oils to be used on steamboats and railroad cars in interstate commerce. Under present 
legislation, a car running over a thousand miles of road may start in a state in which a 110° oil is legal, and, passing 
through another in which a 300° oil is required, finish the run in a third state in which there has been no state 
legislation. As a further illustration of the results of such variable legislation, I may state that while engaged in 
collecting the statistics for this report I saw in the testing room of a large refinery a large table, on which were no 
less than seven different instruments that were in daily use for testing oils to fill orders from different localities. 
These instruments included Abel’s for the Canada market, Saybolt’s for the New York city export market, the 
Ohio tester for the Ohio market, and a number of others. I doubt if the legislative regulation of any other 
substance presents such anomalous and contradictory characteristics. 

There is but one temperature at which illuminating oils manufactured from petroleum can, when properly 
tested, give off an amount of vapor sufficient to produce an explosive mixture within the limits of public safety. 
That temperature alone should be made the subject of legislation, and the testing should be made with whatever 
instrument gives results that may be repeated with the greatest accuracy. The question of absolute safety has 
already been discussed; that of comparative economy is outside the domain of legislation. 
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SEctTIoN 5.—BURNERS. 


One other subject deserves consideration in this connection. It is frequently maintained that with proper 
burners oils are safe that under other conditions are unsafe. While it cannot be denied that some burners are 
to be preferred to others, it is my belief that all burners are safe with safe oil. There is no doubt, however, that 
very considerable differences obtain between different burners in point of illuminating power, and hence of economy. 
This was made a subject of research by Mr. C. J. H. Woodbury in 1873. (a) In his report he says: 

The comparative worthlessness of the lighter product of petrolenm tempts the unprincipled manufacturer to add them to kerosene, 
making a product which, on account of its extreme volatility, is cleaner than pure kerosene; the flame is of greater brillianey, and, on 
these grounds, it recommends itself over the pure oil to those who have not been able to give attention to this subject. Many of these 
compounds are quite as dangerous as gunpowder. As kerosene has been in use only a few years, a sufficient interval has not elapsed to 
enable us to burn it with the greatest possible economy. * * * ‘The writer, in the following series of experiments upon various 
kerosene burners, has endeavored to ascertain the most favorable forms of burner for an economical expenditure of oil compared to the 
light given. The results given for each lamp are the mean of from 150 to 250 observations. 


FLAT WICKS. 











| Hoursrequired| Candle 
| No. Chimney. Wick. | Candle power. |-toconsume | power to 
1 gallon. | gallon. 
[| ee (ee ee ee ee Ie eA | a intelledg = poe 
| | Inch. 
Be eh a it eomeitee ae Sane 8. 469 99. 06 504 
hee BUIGO Scr ws cdanioeeast | g 6. 426 127. 53 815 
3 Bulge é = § 6. 587 125. 35 823 
4 Stimiieeesas qwep tient § | 5.138 163.93 | 829 
5 SOR pes ewesten tees g 4. 829 171. 89 830 
6 DON). cs cccwasencosenas 4 4. 810 174. 87 835 
7 Bilzecccue. ees ne 4 7.398 | 115. 23 887 
ps8 Sane. Fuh essc cee f 7, 371 131. 19 964 
{cate eiish Siamh terete bac ee ee § 5. 997 188. 57 1, 110 
10.5) Bulle. crecar eteseane ul 10. 754 113.17 1, 209 
11 BUI 5 wises sues see g ¥19.480 occ asic jena ec caltade pce eante 
12 BOO etees (ec aes 4 710.0807) cccoease aces ave eee eee ek 





























* As these lamps were made to burn mineral sperm oil, we do not give the results. 


CIRCULAR WICKS. 
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The list could have been made much longer, but it would serve our purpose no better. 

The oil used was Downer’s kerosene, specific gravity 0.801. One gallon, at 62° F., weighing 3,025.3 grams. The first column of 
results shows the candle power given by the lamp when burning with a full flame, but below the smoking point. The second gives the 
number of hours required to consume 1 gallon of oil. The object of the third column is 10 give the economy of the lamp, by a unit, 
which is the candle power given by an ideal lamp, exactly similar to the one under observation, with the exception that it shall consume 
precisely 1 gallon an hour. This result is constant for all except extremely high or low flames. Such a unit is very empirical, but no 
more so than the modulus of elasticity, or absolute zero, * * * 

A simple inspection of the above lamps shows their economical results to be in the direct ratio to the facilities afforded the air for 
approaching the base of the flame. Where the air cannot enter freely, much of the oil seems to be volatilized without combustion. The 
best example is given by cases 5, 8, 9, and 10. The lamps are all similar, except in the difference noted below, and are of the pattern 
generally known as ‘‘sun-burners”. In the first example, the air must pass through two horizontal brass diaphragms at the base of the 
chimney; one is pierced with holes @ inch in diameter, the other about 7; inch; case 8, one fine diaphragm at base of chimney; cases 9 
and 10, the base of the chimney is open; a diaphragm is near the base of the flame. Although the two lamps are different in size, they 
are identical in principle, the following being the cause of difference in the result: a certain portion of the light is shaded by the top of 
the burner. This conceals an equal amount (not proportion) of the flame, whether it is high or low. Also, a large flame makes a much 
more powerful draft than asmaller one. If we have two similar lamps, the larger one will give the best results. 

In the fuur lamps just cited, if we remove the coarse diaphragm from the first lamp we increase its efficiency 16 per cent. ; in addition, 
taking away the fine one, we increase it 18 per cent. more; make the draft more powerful by a bulge chimney, we have a further 
increase of 12 per cent. Lamps like 9 and 10, from their open construction, are extremely sensitive to currents of air. Lamp No. 3 is a 
metallic lamp, and very thoroughly constructed. The air is supplied from the base of the lamp, the burner being closed; it is not 
sensitive to currents of air, and gives the most steady and agreeable flame of any that have come under observation. If the entrance to 
the air passage was made larger, and the diaphragms in the burner were pierced with larger holes, the efficiency of the burner would be 
increased greatly, while it would probably retain its steadiness of flame. In lamp No. 15 the air is introduced into the center of the flame 
with less obstruction than in the two previous cases, and this lamp gave the most economical results. 











a Jour. Frank, Institute, xevi, 115. The names of the burners and their manufacturers are given in the original memoir. 
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The results here given show that in the question of the economical combustion of illuminating mineral oils 
much depends upon the burner. At the special general meeting of the London Petroleum Association, held on 
January 14, 1579, it was generally admitted that not only the burner, but the wick, played an important part in 
the successful combustion of petroleum oils. It was also shown on that occasion that a loosely woven wick was 
preferable to a more solid one, but that with any form of wick or burner oils of inferior quality produced a crusted 
wick with a smoky flame and heated burner. Judging from the discussion that took place on that occasion, 
together with my own experience, I conclude that oils that are prepared from petroleum without destructive 
distillation may be burned with a very slow consumption of the wick, but that the wick used with these oils, in 
time, through some physical or chemical action which has not yet been investigated, suffers impaired capillarity 
and becomes unfit for use, although it may still be of sufficient length to reach the oil. Such wicks should be 
discarded as soon as they give trouble. Burners also should be discarded as soon as they become worn and do not 
act satisfactorily. The primary question, however, rests with the oil. Cracked oils containing much heavy oil and 
a comparatively large content of sulphur very soon convert a wick into a charred mass saturated with a gummy 
substance that partially destroys its capillarity and produces an imperfect combustion and inferior flame. To 
secure the best results the best oil should be burned in lamps supplied with fresh burners and wicks carefully 
trimmed. 


The fact has been established beyond all controversy that no combination of lamp, burner, and wick that has 
ever been invented or can be invented will make an inferior or unsafe oil either satisfactory, economical, or safe. 
Dr. Thomas Cattell writes as follows to an English journal: 


It is two years since the first intimation of danger from sophisticated candle-wick was forced on my attention. The candle, a thick 
dipped one, was placed Jighted upon a table, and after a period of about twenty minutes it guttered so violently that the tallow flowed 
down on to the table around the bottom of the candle-stick, followed in a few seconds by a collapse of the wick, bared of tallow, on to the 
table, setting fire to the melted tallow. If I had not been present serious consequences would have ensued. When this incident occurred 
Thad not thought the fault lay primarily with the candle-wick ; I held the tallow to blame. A recent accident, however, with a large 
parafiine lamp has brought to light the fact that the medium or wick through which the tallow and the oil are used as sources of light is 
unsuitable for its object, as well as fraught with considerable danger. Experience has taught that cotton is the one peculiar and 
valuable medium for supplying the sources of light here referred to. Spurioas cotton-wick I believe to be a mixture of cotton and flax 
waste, or a combination of jute, hemp waste, and cotton. Such wick, or at least the alien portion of it, becomes quickly carbonized both 
in candles and lamps. With the first, the carbonized particles as they form dart out with a flash or drop on the melted tallow undergoing 
absorption by the wick, giving rise to guttering and a great waste of tallow. In the other, the ignited portion soon carbonizes, which 
more and more increases in depth, until a point is reached when further capillarity in the direction of the flame ceases and ignition of 
the lower part of the wick takes place, followed by that of the oil in the receiver, with explosion or other mishap. I believe it will be 
found that the danger to which I here allude will afford an explanation of many fires and accidents that, but for these observations, had 
ever remained involved in mystery. Pure cotton-wick is slow to carbonize, and its consumption is uniform, unaccompanied by sudden 
little ejections and explosions, as occur in the burning of spurious cotton-wicks previously alluded to. If ordinary paraffine oil be not of 
the required combustion standard, such wick would greatly increase its danger. Microscopically, flax fiber consists of jointed cylindrical 
tubes. Cotton consists of flattened twisted tubes without joints. Chemical analysis would give us more or less of the nitrates, nitrites, 
and binitrites of cellulose. (a) 





a Oil and Drug News, January 31, 1882. 
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Cuaprer LIL—NATURAL GAS AND THE CARBURETING OF GAS AND AIR. 


SEoTION 1—OCCURRENCE AND COMPOSITION OF NATURAL GAS. 


The occurrence of springs of water accompanied with gas have been noted from a very early period. The 
number of localities named “burning springs” in different parts of the country attest the wide distribution of 
this phenomenon. It is, however, very erroneously supposed by some writers that these burning springs are 
iminediately related to voleanoes. Dr. Ansted appears to think that they are closely related to mud volcanoes ; 
but in the United States, east of the Mississippi river, where mud volcanoes are unknown, it appears that gas 
springs are the product of the same kind of action that has produced petroleum, and they often accompany petroleum. 
Wall observed in his researches upon Trinidad that— 

The phenomena of salses or mud volcanoes, consisting of the solution of inflammable gas, accompanied by the discharge of a muddy 
fluid and asphaltic oil, is, perhaps, closely related to the activity just described, as carbureted hydrogen may be disengaged in the direct 
formation of asphalt. ; : 

Several of them occur in Trinidad, also in the ‘‘Newer Parian”. They were likewise observed in the province of Maturin, presenting 
similar characters. At Turbaco, near Carthagena, precisely the same action is manifested, but on a much larger scale. This is further 
confirmatory of a great extension of the above formation to the westward. The thermal waters of Trincheras, near Valencia, issuing 


from mica-schist, contain merely traces of silica, sulphureted hydrogen, and nitrogen, and possess a variable temperature, as shown by 
the following determinations: 
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The hot springs of Chaquaranal, near Pilar, in a limestone of the ‘‘Older Parian”, present the rare phenomena of water 
discharged at and even above the boiling point. Sometimes the fluid is delivered under pressure, rising in a jet, continuing in a state 
of ebullition for several feet from the point of discharge, accompanied by a forcible, evolution of steam, and depositing abundance of 
calcareous matter. : 

The fissures of the adjacent rock are lined with spathose crystallizations and the acicular forms of sulphur. The vapors escaping 
from these fissures consist principally of steam. (a) 

Professor Ansted observed copious discharges of gas, petroleum, and mud from the mud volcanoes of the 
valley of Pescara, in Italy, and also in the Crimea. I do not, however, interpret these phenomena as volcanic, or 
as in any manner an association of cause and effect, but rather as associated incidents of the dying out of the 
metamorphic action which has in most cases by invasion of strata containing organic matter distilled all of the 
forms of bitumen, including inflammable gas. The observations of Wall confirm this hypothesis in the most striking 
manner. 

In the great petroleum region of the Appalachian system the accumulatious of gas are often found upon the 
anticlinals in the pebble conglomerates and sandstones that hold the petroleum, while at a still lower level in the 
troughs of the synclinals salt water occurs. In a general manner, with the sea-level as a datum line, the Venango 
and Bradford oil-sands lie sloping at a gentle inclination, the southwestern edges submerged in salt water, and the 
northeastern edge saturated with gas under an enormous pressure. Not the slightest evidence that volcanic action 
ever has obtained in that region has been observed; but all the geological features, which have already been so 
fully discussed on previous pages of this report, lead to the conclusion that petroleum and natural gas have been 
produced by the same cause. That voleanic action is not that cause is further shown by a comparison of the analyses 
that have been made of natural gases from various localities. 

In 1876 Professor 8. P. Sadtler, of the University of Pennsylvania, examined with great care the gas from four 
different wells in northwestern Pennsylvania, which was used in all cases for technological purposes. I quote 
from his paper read before the American Philosophical Society, February 18, 1876, as follows: 

Having had occasion lately to analyze some of the gases issuing from wells in western Pennsylvania, I have obtained some results 
which are given as a contribution to our knowledge of these important natural products. There have been almost no analyses whatever 
made of these gases. In 1866 a French geologist, M. Foucou, visited a number of these gas-wells and collected specimens of the gases. 
These were afterward analyzed by M. Fonqué, and the results published in Comptes Rendus, lxvii, p. 1045. The localities were Pioneer 
run, Venango county, Pennsylvania; Fredonia, New York; Roger’s gulch, Wirt county, West Virginia; Burning Springs, on the Niagara 
river below the cataract: and Petrolia, Enniskillen district, Canada West. These points are certainly widely enough removed to make 
the series comprehensive from a geological standpoint. The analyses do not appear to have been complete ones, as M. Fowqné determined 
the exact ainounts of only a few of the constituents. In general, the gases were composed of the marsh-gas serics of hydrocarbons. 
Thus the gas from Pioneer run he found to have essentially the composition of propyl hydride (C3Hs), with small quantities of carbonic 
acid and of nitrogen; the Fredonia gas appeared to be a mixture of marsh-gas (CH,), and ethyl hydride (C2 Hg), with a small quantity 
of carbonic acid and 1.55 per cent. of nitrogen; the Roger’s gulch gas was CH, almost exclusively, with 15.86 per cent. of carbonic acid 
and a small quantity of nitrogen; the Burning Springs gas almost pure CH, with a little CO,; the Petrolia gas a mixture of marsh-gas 











a Q. J.G.8., xvi, 467. 
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(CH,) and ethyl hydride (C;H5), with a small amount of carbonic acid. However, the composition as given was only apparent, as in 
the case of the Pioneer run gas, for on passing the gas through alcohol a part was absorbed, which was afterward shown to be butyl 
hydride (C,Hjo), while the part unabsorbed showed nearly the composition of marsh-gas (CH,). It was evident, therefore, that what 
appeared to be propy! hydride (C3Hs) was in reality a mixture of marsh-gas (CH,) and butyl hydride (C,H,0). 

In 1870 Professor Henry Wurtz made an analysis of the gas from a well 500 feet deep in West Bloomfield, Ontario county, New York. 
He found: 
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Professor S. A. Lattimore, of Rochester University, New York, examined this gas in 1871, and estimated its flow to be 800,000 cubic 
feet in twenty-four hours of 14.42 candle power. 

The gases which I collected and analyzed were: First, the gas of the Burns well, in Butler county ; secondly, that of the Harvey 
well, in the same county; thirdly, that from the Leechburg well, across the Kiskeminitis river from Leechburg, in Westmoreland county ; 
and fourthly, the gas bubbling from a spring at Cherry Tree, in Indiana county. 


He obtained the following results: (a) 


COMPOSITION OF THE GAS OF CERTAIN WELLS. 



































Illuminating hydrocarbons 

: (CnH2n+2). : P Pyrometric 

Name of well. ee Carboni SIE) EX bea Oxygen. | Nitrogen. ee oe featin g 

H oxide. és ; hyl hy- rop si ; ower. 

Hydrogen. | Marsh-gas. dda: hy dite. Pp 
: Per cent. Per cent. Per cent. | Percent. | Percent. Per cent. | Percent. | Per cent. Per cent. Deg. 
Burns’ gas-well.. -........... 0. 34 Trace. 6. 10 75.44 18. 12 AWTS || SsoeQhasaSolceseRostasee 0. 6148 14, 214 2, 745 
Leechburg gas-well .......--. 0. 35 0. 26 0. 56 89. 65 4.39 PELBCOSAM lsuceoeh escent onetime ctins 0. 5580 14, 105 2, 746 
Harvey gas-well .....+....-.. 0. 66 Trace. 13. 50 80. 11 5.72 SELACOMA MI emaee se ass sitases cake sc 0. 5119 15, 597 2, 763 
Cherry Tree gas-spring...-.-. 2) 2G lin anmelasamiowe 22. 50 60.27 | Or COM Neeseicaidaieaae 0. 83 TBO Voss ee ess ee acne ee case oe 
| | 1 




















The following results were obtained from the analysis of the gas escaping from a well in Belfast, Ireland. It 
passed through 33 feet of silt and 7 feet of gravel containing organic débris. The gas escaped from the gravel. 
Its density was 0.661, air—1, inodorous, and contained no compounds of carbon and hydrogen, except CH}. Its 
composition was found to be— 
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The results of several analyses of the gases escaping from the solfataras and fumaroles, given below, will be 
found to exhibit a strikingly different composition. The first is an analysis of the gases rising through the Lago di 
Naftia in the Val del Bove of Etna: 
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Neither acetylene nor olefines were present. (d) The next is an analysis of the gases evolved from fumaroles 
on the island of Saint Paul. The temperature was 789-809: (e) 
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The gas from Campi Flegrei, Vesuvius, is not constant in composition, but is mainly CO. H,S is about 5 per 
cent., O less than 1 per cent., N 5 to 10 per cent., sometimes as high as 50 to 60 per cent., with occasionally a small 
quantity of CH,. The Grotto del Cane yields pure CO.(a) No combustible gases are evolved by the Caldeira de 
Fumas, San Miguel, Azores, differing in this respect from the geysers of Iceland and the Suffoni of Tuscany, both 
of which invariably contain H and CH,.(b) The gases from Santorin, after the eruption of 1866, contained CO), 
O and N inconstantly varying proportions, with traces of H, H,S, and CH,. In 1870 HCL and SO, were present. (c) 
The gases evolved from solfataras contain CO,, H,S, O, and N. Two of them yielded wholly CO,. The Great 
Solfatara yields steam, H,S, CO,, O, and N. (d) 

A comparison of these results of analysis shows the great difference between the constituents of the gases from 
these two sources. In the gases from Burning Springs CH, predominates, accompanied by other products of 
distillation; inthe gases from solfataras CO, predominates, accompanied by other products of the combustion of carbon. 
The distillation of strata rich in organic remains, when invaded by metamorphic action, has doubtless produced the 
inflammable gases of burning springs and gas-wells ina manner analogous to and often simultaneous with the 
production of petroleum. 

In the United States the phenomena of burning springs were observed by the earliest settlers west of the 
Alleghanies. Dr. Hildreth described these springs as they occur in the valleys of the Little and the Great Kanawha, 
in West Virginia, in 1833, and later in the valley of the Big Sandy, in Kentucky. The volume of gas escaping from 
these springs is often remarkable, but no attempt was ever made, so far as I can learn, in any manner to utilize this 
material. The boring of wells for salt and petroleum led to the frequent penetration of strata heavily charged with 
gas that was destitute of petroleum. This was most frequently the case on the borders of petroleum fields in 
rocks that were, relative to the sea-level, higher than those yielding oil. The localities that have been and are 
most noted for their gas-wells are: Fredonia, Chautauqua county, New York; Wilcox, Elk county, Pennsylvania; 
Rochester, Beaver county, Pennsylvania; Burns well and Harvey well, Butler county, Pennsylvania; Leechburg, 
Westmoreland county, Pennsylvania; Sheffield, Warren county, Pennsylvania; Allegheny county, Pennsylvania; 
Erie, Erie county, Pennsylvania; Painesville, Lake county, Ohio; East Liverpool, Columbiana county, Ohio; 
Gambier, Knox county, Ohio; New Cumberland, Hancock county, West Virginia; Burning Springs, Wirt county, 
West Virginia. 

The gas from wells at several of these localities has been made very valuable for technological purposes : 

The use of natural gas at Fredonia was begun in 1821, and was introduced into a few public places, among which a hotel was. 
illuminated when General Lafayette passed through the village. The gas from this well, which was sufficient for about thirty burners, 
was used alone until about 1858, when another well was drilled, which supplied some two hundred burners. Another well was drilled in 
1871 with better success. The average monthly supply of the three combined is about 110,000 cubic feet, of which an average of 80,000: 
cubic feet per month is consumed for lights. Seven other wells, varying from 50 to 800 feet deep, have been made without success. The 
area covered by these wells is about one mile in length by one-half mile in width. The supply has not perceptibly diminished since the 
opening of the wells. (e) 

At Erie, Pennsylvania, gas-wells have been bored along Mill creek. Some of the deepest of these wells have 
yielded a dense oil. The Demming well struck gas at about 440 feet under such a pressure that it blew oil to the 
top of the derrick for twenty-four hours. Many gas-wells have been drilled for private dwellings and manufacturing 
establishments. For the latter purpose, where large quantities are used, the yield of the wells runs down in a few 
years. At Painesville, Ohio, gas-wells are bored for private dwellings, and the gas is used often for heating as well 
as for illuminating purposes. At Rochester, Pennsylvania, and East Liverpool, Ohio, the gas is burned in enormous 
quantities in glass houses. At Gambier, Ohio, and New Cumberland, West Virginia, the gas is burned in a manner 
to produce lampblack. The gas of the Burns, Harvey, and Leechburg wells is or has been used in puddling iron. 
The latter was found particularly valuable in the preparation of the quality of pure rolled iron used for tin plate. 
The Sheffield well was bored for oil, but instead of oil it has discharged a jet of gas that has burned continuously 
for five years. In the oil regions the gas from these wells is frequently burned in the open air for no other 
purpose than to prevent the formation of dangerous explosive mixtures of gas and air. 

Bradford and other towns in the oil regions are mainly heated and lighted with natural gas from the oil-wells,,. 
and in some instances from wells drilled on purpose to obtain gas. If no oil accompanies the gas, the flame is clear 
and white, but if oil is present it is red and smoky. Benzine often condenses in the pipes from natural gas, and it 
is not unreasonable to suppose that, at the enormous pressure under which this gas is held in the oil-sand, the gas 
is condensed to a liquid. In the Bradford region especially this pressure is much too great to be ascertained by 
pressure gauges, and has often been made a subject of conjecture, rather than of estimate, as equaling from 2,000 to 
4,000 pounds per square inch. Any attempt to ascertain the pressure would be attended with the risk of having 
the casing and tubing thrown out of the well. The evaporation due to the removal of this pressure produces an 
extraordinary reduction of temperature. At Sheffield the temperature fell so low that ice formed in the well pipe 
and finally closed it. The ice was then drilled through 100 feet in depth. When it was pierced, the pressure threw 





a C. Rend., lxxv, 154; J.C. Soc., xxv, 884. d Ann. de Ch. et de Phys. (4), xxv, 559; J.C. Soc., xxv, 469. 
b Ibid., xxv, 115; Ibid., xxv, 885. e Letter of E. J. Crissey, secretary of the Fredonia Natural Gas-light Company, to S. F. P- 
c Ibid., lxxv, 270; Ibid., xxv, 885. 


THE USES OF PETROLEUM AND ITS PRODUCTS. 243 


the tools and well casing out of the top of the derrick. When a stratum yielding gas is struck in boring, the force 
of the escaping gas prevents water from reaching the bottom of the well if poured down the side, or even, in some 
cases, if introduced from a tank through a pipe reaching to the bottom. In most cases by this latter arrangement 
(which gives the weight of a column of water several hundred feet in height) the gas is “stopped off”. The gas 
has been used in several instances to work an engine for pumping without water or heat by introducing it into the 
cylinder, precisely like high-pressure steam. In drilling the Roy well, near Kane, Pennsylvania, the gas from a well 
more than one-fourth of a mile distant was used in this manner. It is very frequently used as a fuel for making 
steam, and, when there is a surplus, that is burned at the end of a pipe to prevent explosions. The greatest gas- 
well on record in the oil regions is the Newton well on the Nelson farm, 6 miles north of Titusville. There the gas 
’ raised a column of water 100 feet high with a noise that could be heard 2 miles, and when. the column burst it threw 
the water 15 rods each way. 

The Bradford Gas-light and Heating Company receive gas into a gasometer from wells near the city. Two 
sets of pipes pass through the city. One set passes from the wells to the gasometer, and has the same pressure 
as that on the wells; the other set passes from the gasometer, and delivers the gas under a pressure of about 6 inches 
of water. Gas is delivered from both sets of pipe; from the high pressure for boilers, etc., and from the other set 
for use in dwellings. The mains attached to the wells will deliver through the same orifice about ten times the 
amount delivered from ordinary street mains. The wells are so deep that the friction on the escaping gas is very 
great, and retards the motion and lowers the pressure as itescapes. The pressure at the wells gradually diminishes. 
In one case it ran down from an estimated pressure of 1,000 pounds to 6 pounds in five years. When first struck 
the gas would easily have lifted the casing out of the well, requiring a force of at least 500 pounds per square 
inch. It was estimated that during the month ot January, 1881, 7,500,000 cubic feet of gas reduced to ordinary 
pressure were delivered in Bradford, where it is almost universally used for heating as well as for illumination. The 
burning of the superfluous gas at nearly all the wells forms at night great flaming torches, that glare in the darkness 
from the surrounding hillsides. 

Mr. Charles A. Ashburner, of Philadelphia, has described a well which has received the name of the “ Kane 
geyser well”. It is situated 4 miles southeast of Kane, on the Philadelphia and Erie railroad. While drilling— 

Fresh ‘‘ water-veins” were encountered down to a depth of 364 feet, which was the limit of the casing. At a depth of 1,415 feet a 
very heavy ‘‘ gas vein” was struck. This gas was permitted a free escape during the time the drilling was continued to 2,000 feet. When 
the well was abandoned, from failure to find oi], and the casing drawn, the fresh water flowed in, and the conflict between the water and 
the gas commenced, rendering the well an object of great interest. The water flows into the well on top of the gas until the pressure of 
the confined gas becomes greater than the weight of the superincumbent water, when an explosion takes place and a column of water 
and gas is thrown to a great height. This occurs at present at regular intervals of thirteen minutes, and the spouting continues for one 
and a half minutes. On July 31 (1879) Mr. Sheafer measured two columns, which went to a height respectively of 120 feet and 128 feet. 
On the evening of August 2 I measured four columns in succession, and the water was thrown to the following heights: 108 feet, 132 feet, 
120 feet, and 138 feet. The columns are composed of mingled water and gas, the latter being readily ignited. After nightfall the spectacle 
is grand. The antagonistic elements of fire and water are so promiscuously blended that each seems to be fighting for the mastery. At 
one moment the flame is almost entirely extinguished, only to burst forth at the next instant with increased energy and greater brilliancy. . 
During sunshine the sprays form an artificial rainbow, and in winter the columns become encased in huge transparent ice chimneys. A 
number of wells in the oil regions have thrown water geysers similar to the Kane well, but none have attracted such attention. (a) 

Some of the most remarkable gas-wells that have ever been drilled outside the oil region are the Neff gas-wells 
near Gambier, Knox county, Ohio. These wells are located on the Kokosing river, a tributary of the Walhonding 
river, which empties into the Muskingum above Zanesville. 

No. 1 well issunk not far from the line of Knox and Coshocton counties. Such a powerful vein of rich illuminating gas was struck 
as to cause suspension of all work. From this well immense floods of water, in paroxysms of about one minute interval, are thrown up 
to a height of 80 to100 feet. The vein of water was struck, fortunately, at a depth of only about 66 feet, where a large stream was tapped, 
producing no inconvenience in boring until the gas was struck, when suddenly it was all discharged at regular intervals of not more 
than one minute. The boring throughout its whole length of 600 feet is filled and discharged, making a most magnificent hydraulic 
display. It is, however, at night that the grand phenomena of this well are best exhibited. The enormous amount of water, perhaps 
10,000 barrels per day, keep the derrick and floor so wetted that the gas can be fired with safety. When this is done, at the instant of 
paroxysm a sudden roar is heard, and at night the flame is seen shouting up 15 to 20 feet above the derrick, which is 53 feet high. It is 
a grand sight to see the flame leaping fiercely amid the rushing waters, darting out its fiery tongues on every side; now rolling above 
the most powerful part of the jet like balls dancing on a fountain, and now, with an intensely bright flame, leaping suddenly down 
the column and running along the floor, and illuminating, as with burning liquid naphtha, which is undoubtedly thrown out with the 
water, the whole forest scenery around as a magnificent spectacle. When the derrick was covered with ice the gas escaping from the 
well was frequently ignited, and the effect, especially at night, of this fountain of mingled fire and water shooting up to the height of 
120 feet through a great transparent and illuminated chimney is said to have been indescribably magnificent. (0) 

A phenomenon (called a gas volcano) that has been observed in the valley of the Cumberland, in southern 
Kentucky, near Burkesville, is thus described. In a private communication Dr. J. S. Newberry writes: 

This name is given to explosions of gas accumulated under the flaggy rocks of the Hudson River group in the valley of the 
Cumberland and its tributaries. I have visited localities where explosions have occurred, but have never witnessed one myself. They 
result from the confinement of gas generated below under impervious strata of rock, the pressure ultimately becoming sufficient to throw off 
the superincumbent mass of rock, earth, water, etc. These explosions are not very uncommon in the valley of the Cumberland, and 
they are well known to the inhabitants. 





a Jour. Frank, Inst., eviii, 347. b Prospectus of the Neff Petroleum Company, 1266. 
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SEcTION 2.—USE OF NATURAL GAS IN THE MANUFACTURE OF LAMPBLACK, ETC. 


The gas of the Neff and other wells is largely utilized for the production of lampblack. This black is of 
very superior quality, and when first produced and thrown upon the market commanded as high a price as 75 cents 
per pound, but the production was very soon increased so largely in comparison with the demand that the price is 
now only about 15 to 20 cents per pound. Concerning the production of lampblack from natural carbureted 
hydrogen, a writer in Dingler observes as follows : (a) 

It is known that gases escaping from the soil of some of the oil districts of Pennsylvania (compare 1878, 228, 534) is 5 prenanen for 
illumination and heating purposes (1877, 224, 552). P. Neff now produces from the same by imperfect combustion an excellent lampblack, 
which he brings into market under the name of “diamond black”. This gas: flows from two wells which are bored at Gambier (Knox 
county, Ohio), in the vicinity of the mouth of the Kokosing. According to J. R. Santos (Chemical News, 38, 94, 1878), it has the following 
composition : 
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Neff burns daily with 1,800 burners of peculiar construction almost 8,000 cubie meters of gas and obtains from it 16 per cent. of 
lampblack. The specific gravity of this lampblack is, according to Santos, 1,729 at 17° C. Dried at 200° an elementary analysis gives: 
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By means of Sprengel’s air-pump the gas is pumped out, having the following composition 
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Besides, 0.024 per cent. of a bright yellow hydrocarbon soluble in alcohol, and which boils at from 215° to 225°, is obtained, which is 
probably impure naphthaline. The small quantity of ashes consisting of the oxides of iron and copper comes from the burners. The united 
composition of diamond black is accordingly as follows: 
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The black is consequently very pure, and in any case is well adapted for fine printers’ ink and the like. It is also used in the 
preparation of lithographic ink. 

At New Cumberland, Hancock county, West Virginia, Messrs. Smith, Porter & Co. use natural gas for burning 
fire-brick. The gas from one well furnishes fuel for nine brick kilns, three engines, and ten furnaces in the drying 
house, with fuel and lights for several dwellings, besides a large excess that is burned at the end of an escape pipe. 
They produce 55,000 brick daily. 


SECTION 3.—GAS FROM CRUDE PETROLEUM, PARAFFINE OIL, AND RESIDUUM. 


A large number of patents have been taken out for processes and apparatus for the manufacture of illuminating 
gas from crude petroleum and the dense products of its manufacture. The general principle upon which all of these 
processes depend for operation consists in a distillation of the materials at a temperature sufficiently elevated to 
crack the petroleum compounds into gaseous products. The “ gas oil”, which is petroleum deprived of its naphtha, 
is conducted into a retort previously heated to a red heat. The method of heating the retort, the manner of 
distributing the fluids, and the purification of the gas from the undecomposed petroleum and tarry matters, are all 
subject in the different patents to differences of arrangement, but the underlying principle of destructive distillation 
is fundamental in all of them. This method of preparing illuminating gas is quite extensively used for lighting 
large manufactories and villages and small towns. It is especially valuable for these purposes on account of the 
comparative simplicity of the apparatus and process of manufucture and the purity of the product. The gas 


prepared by this method is particularly free from the ammonia and sulphur compounds that contaminate gas 
prepared from coal. 


a Dingler, cexxxi, 177. 


‘THE USES OF PETROLEUM AND ITS PRODUCTS. 245 


SECTION 4.—GAS FROM NAPHTHA. 


Gas is also prepared by the destructive distillation of petroleum naphthas and benzine. One of the methods 
of operating this process is thus described: A still holding 40 barrels of naphtha contains a coil of 2-inch pipe ; 
steam passes through the coil, volatilizing the naphtha, the pressure carried on the still being on an average about 
one-half inch. The vapor passes to three benches, of three retorts each, by a 3-inch pipe; 14-inch branches to each 
retort are tapped into the side of this mouth-piece, connecting with a 6-inch cast-iron pipe, which lies inside of the 
retort to within 1 foot of the back, and is open at the back end, but plugged in front with a clayed stopper. The 
vapors circulate through the 6-inch pipe to the back end of the retort and return forward and up the stand-pipes, 
which are 6 inches in diameter. These retorts are heated to dull redness. - During this transit the vapors of naphtha 
are converted into gas and pass through a submerged U-shaped condenser, 18 inches in diameter, lying in a tank 
with sufficient inclination for a drip. An air-pump is used to preserve an exhaust of about 3 inches, from which 
the gas passes to a station meter and “mixer”. At every revolution of the station meter 42 per cent. of air is 
drawn in by a reverse drum on the same spindle, and is mixed with the gas, which thence passes to the holder. The 
introduction of air is not necessary, as the gas can be burned with a suitable burner; but the gas thus prepared is 
very rich, and the air is introduced to reduce its quality to the average standard of 15 or 20 candle-power. It will 
be observed that all apparatus for purifying the gas is dispensed with, the gas being entirely free from all deleterious 
sulphur and ammonia compounds. The only residue in this process is a small quantity of heavy oil, apparently a 
residue from the cracking of the benzine. 


SECTION 5.—CARBURETORS. 


The idea of saturating illuminating gas with the vapors of volatile hydrocarbons for the purpose of increasing 
its illuminating power was entertained long before the discovery of petroleum in commercial quantities. 

Lowe patented a process in 1841, and alluded to it in a general way ina previous patent of 1832, the claim in which is so comprehensive 
that, if valid, it would render doubtful all subsequent patents. (a) Mansfield also claimed the application of atmospheric air as a vehicle 
for the vapor of very volatile hydrocarbons in such a manner that the ‘‘ vaporized air” might be burnt like ordinary coal-gas. (b) 

As early as 1856 Longbottom attempted to prepare illuminating gas by passing air through benzole, ether, or 
oil of turpentine. (c) These appear to be the earliest attempts at carburation. These machines were never made 
a practical success, however, until the distillation of petroleum furnished .volatile hydrocarbons in commercial 
quantities. The low price at which these products could be obtained after petroleum became extensively produced 
led to the invention of a large number of machines in a great variety of form and principle of construction. The 
number patented in England, France, Germany; and the United States prior to 1880 must be in the neighborhood 
of 1,000. The first patents that were issued were for inventions that produced a partial or a complete saturation 
of the gas or air without in any manner controlling the evaporation or the temperature. The result of the operation 
of these machines was invariably an overcharging with vapor in warm weather or when the apparatus was first 
put in action, causing subsequent condensation of the vapor, followed by undercharging as the naphtha was distilled 
and the residue became less volatile, and as it also was rendered more dense in consequence of the reduction of 
temperature resulting from the evaporation. Evaporation was induced and rendered more constant and rapid by 
the construction of a sort of labyrinth through which the gas or air was forced. The tank containing the naphtha 
was made shallow and of large diameter, and curtains of flannel were so arranged that the upper border of the 
curtain was securely fastened to the under surface of the cover of the tank and allowed to hang freely, dipping 
into the naphtha below. As a result, the gas was forced to pass through the spaces between these curtains, and 
a great evaporation and absorption of the naphtha vapor by the gas followed. This method of carburation, while 
very effectual, was still open to the objections above made, and did not furnish uniform results; but the difficulty 
was removed by an invention by which the tank in which the naphtha was being distilled was submerged in a 
wooden tank of water. The great latent heat of water caused it to give out heat, equalizing the temperature, 
producing a uniform distillation, and consequently a uniform partial saturation of the gas or air. This contrivance 
may be said to have rendered the carbureting of air a success, and a large number of machines have been 
constructed upon this principle. The general arrangement of the apparatus has been a wooden tank, sunk in the 
ground outside the building and below the frost. In this tank the receptacle for the gasoline is placed, and the 
intervening space is nearly filled with water. At this depth the water preserves nearly a uniform temperature at all 
seasons, and from its large volume it compensates the gasoline for its loss of heat due to evaporation, and keeps 
both the temperature and the distillation uniform; consequently the amount of combustible material supplied the 
current of air is uniform. This current is forced through the labyrinth by an air-pump worked by a heavy weight, 
and placed in the basement of the building to be lighted. This form of carburetor is entirely free from the grave 
defect of starting at the beginning of the evening with an, excessive evaporation and ending at 10 or 12 o’clock 
with an insufficient evaporation. The distillation proceeds uniformly, and changes in quantity gradually, the 
difference being perceptible only after the machine has been in operation several weeks or months. The gradual 
fractional distillation results in the accumulation of a residue in the labyrinth too dense for evaporation with 








a Jour. Soc. Arts, ii, 503. b Ibid., 520. c Jahresbericht, 1356, p. 422. 
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sufficient rapidity to properly carburet the air, and is, consequently, attended with diminished illumination. 
Many attempts have been made to remedy this defect, in which great success has been attained by a remarkable 
invention of very recent date. This machine is called the metrical carburetor, and is used for carbureting either 
gas or air. The name designates a peculiar feature of the instrument—that it measures the amount of carbureting 
fluid to either the gas or the air; hence there is never an excess of carburation, no fractional evaporation, and no 
condensation of liquid in pipes. One and one-half to 2 gallons of light naphtha are measured to 1,000 cubic feet 
of ordinary street gas, or 3 to 6 gallons of gasoline to 1,000 cubic feet of air, according to the purpose for which 
the gas is to be used. 

The carburation of gas and air has been made the subject of many elaborate researches. Prominent among 
those who have conducted them is the late Dr. Henry Letheby, medical officer of health to the city of London, 
who, as early as 1861, reported that— 

With regard to the carbureting process we are of opinion, from the data obtained by the laboratory experiments quoted in the 
report to the commission of the 30th of July last and the experiments made on the public lamps in Moorgate street during the months 
of June and July last, that the process of carburation appears to be capable of economizing the use of gas in the public lamps to the 
extent of from 40 to 50 per cent. This conclusion is founded on the assumption that the best quality of naphtha is to be used, namely, a 
naphtha which will give to the gas continuously a proportion of about 10 grains of volatile hydrocarbon to each cubic foot of gas, these 
being the average results of the laboratory experiments. (a) 

The following comparative tests were published in 1879 in Engineering, but the author is not mentioned: 

PRACTICAL TEST.—Barometer, 29.8; temperature, 56°; the weight of gasoline, 655 grains to water 1,000 grains; therefore one gallon 


of gasoline = 45.850 grains. The air was simply aspirated at the rate of 6 cubic feet per hour through an ordinary chemist’s wash-bottle, 
and each cubic foot took up 735 grains, illuminating gas of 17.10 candles taking 585 grains. 








Grains. 
1,000 cubic feet of air =735.000 _ : ; 
1 gallon of gasoline = 45.850 — 16.0 gallons of gasoline per 1,000 cubic feet of air. 
1,000 cubic feet, 17.10 gas =585.000 __ ; ay . 
1 gallon of gasoline gee 12.7 gallons of gasoline per 1,000 cubic feet of gas. 


One thousand cubic feet of air, after being carbureted, = 1,320 cubic feet; and 1,000 cubic feet of 17.10 gas, after being carbureted, 
= 1,270 cubic feet. 

SPECIFIC GRAVITY TEST.—The time required to pass equal volumes of air, gas, carbureted gas, and carbureted air, under equal 
pressure, through the same aperture (Shilling’s test), was: air, 88 seconds; gas, 58 seconds; carbureted gas, 90 seconds; carbureted air, 
104 seconds. 


Koo 


Gas = 434 to air 1,000. 


ak 
3B 
‘ 90? f : 
Carbureted gas, a 1,045 to air 1,000. bs 


Carbureted air = 1,396 to air 1,000. 


10 
be 

PHOTOMETRIC TEST.—Test on Hartley’s improved photometer, 15-hole argand burner (old standard), 7-inch by 2-inch chimney, 
consuming 2.4 cubic feet per hour of carbureted gas, = 14.59 standard candles; reduced to the standard of 5 cubic feet, = 37.73 standard 
candles. 

Also, with No. 1 steatite bat-wing, consuming 2.40 cubic feet per hour, = 18.63 standard candles; reduced to the standard of 5 
cubic feet, = 38.83 standard candles; 3.48 cubic feet per hour of carbureted air consumed through argand burner = 16.52 candles ; reduced 
to the standard of 5 cubic feet, = 23.70 candles. 

DURABILITY TEST.—The durability of 1.10 cubic feet 4-inch flame: 


Min. Sec. 
Gas’ sold chiens a cece es etree eben. Oli sas Shwcule Bale we ores latec ote te Sane S aimee ae a teere aan eta 5 45 
Carbureted gas x. ..55(oet cesta eee es bie se sates b Wests sled ARC ERe EE oe a actus | ae eee ag ae eae 16 38 
Carbureted ‘altii224.. 3624 a 28 ac aetetes sisal asinine X= a/c unin Sinise palsies eee a ee ee eee ee 11 24 


Various forms of machines were experimented on, viz, cylinders containing lamp cotton, sponge, felt, and wood carbon. They are 
all useless and obstructive, nor do they yield so high or regular a light as air aspirated or exhausted through gasoline and charged into a 
gas-holder, from which it is supplied ready for use at the burner when required. 

Upon this the editor of the Journal of the Franklin Institute comments as follows: 


Two great objections still exist to the use of these machines, viz, the impossibility of storing large quantities of gasoline without 
the risk from fire to property in the neighborhood; and, secondly, that if the pressure becomes excessive the flame from the burner will 
be blown out, and terrible explosions, resulting in loss of life, have followed in consequence. The increase in the illuminating property 
of coal-gas as ordinarily furnished, when passed through these machines, is very great, and the flame, also, is not liable to be blown out 
with increased pressure; and a wide field seems to be open in this direction if all danger from fire in the carbureting of the gas could be 
done away with. (b) 

The value of the metrical carburetor will be appreciated when it is understood that it gives a degree of 
carburation perfectly satisfactory for gas with 14 to 2 gallons of light naphtha to 1,000 cubic feet of gas, and for 
air with 3 to 6 gallons of gasoline to 1,000 cubic feet of air. Moreover, this quantity is measured to the gas or air 
with great accuracy, is all immediately absorbed, and, as no supersaturation ever occurs, no condensation ever takes 
place in the pipes, and no “running down of the light” is ever due to cold nights or distillation of the gasoline.’ 
In regard to economy, safety, and perfect operation this metrical carburetor far excels all others hitherto invented. 











a Jour. Soc. Arts, x, 87. b Jour. Franklin Institute, evii, 404, 1879 
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Cuaprer 1V.—THE USE OF PETROLEUM AND ITS PRODUCTS AS FUEL. 


SECTION 1.—THEORETICAL CONSIDERATIONS. 


The excessive production of petroleum in some localities, and the scarcity of coal and wood in others where 
petroleum abounds, has led to a large number of experiments in the use of petroleum as fuel. The theoretical 
consideration of its value as fuel was made the subject of elaborate investigations at an early date. In 1864 R. 
Mallett stated that— 


The theoretical evaporating power of American petroleum may be ascertained as follows: 


YS a = 18. 06 kilograms. 
~ 100 
For— 
C 0.86 x 8.080=— 6948 A772 1 18. 06 
H 0.14 X 34.462 = 4824 G2 Step ot 


11772 heat units. 
Regnault’s formula is 65.2 heat units for the evaporation of 1 kilogram of water at 0° to steam at 150°. (a) 


In 1869 Henri St. Claire De Ville conducted an elaborate research upon the calorific power and physical 
peculiarities of petroleum. His results are given in the following table: 





























i : Specific | Calorific | s : Specific | Calorific 
Locality of the oils. gravity. |» power... | Locality of the oils. gravity. | power. 
1. Heavy oil from White Oak, West Virginia; well, 135 0.873 | 10. 180 | 10. Oil from Java, commune Tjibodas-Fanggah, district 0. 823 9. 593 
meters deep ; lubricating oil. Madja, residency Cheribon. 
2. Light oil, from Burning Springs, West Virginia; well, 0. 8412 10. 223 |} 11. Oil from Java, commune Gogor, district Kendong, 0. 972 10. 183 
220 meters deep; illuminating oil. residency Karabaya. 
3. Light oil, from Oil creek, Pennsylvania; well, 200 0. 816 9.963 || 12. Oil from Bechelbronn, upper Rhine, distilled..--..... 0. 912 9. 708 
See BeOP ans ou. 13. Oil from Bechelbronn, raw .-.--.------+----------+------ 0. 892 10. 020 
a Stil a Pa ane Rica ft Seow fe ea whi ’ ‘, Fania 0. = 10.399 | 14, Oil from Schwabweiller, lower Rhine .-..-..--------- 0. 861 | 10. 458 
5. Heavy oil, from the Plummer farm, Franklin, Penn- | 0. 886 10. 672 || ; Te 7 005 
sylvania; well, 200 meters deep; lubricating oil. | | 15. Oil from east Galicia -...-.-------++-s0e2e--eere eso ee- 0.8 : . i os 
| | F ne 9 
6. American petroleum, as offered for sale in Paris, | 0.820 | 8.771 | 16- Oil from west Galicia: .. .-.2 222-05. 6265 ses ae- == 525-25 0. 885 ; 
probably from Pennsylvania. || 17. Raw schist oil, from Vagnas, Ardéche......--------- 0.911 | 9. 046 
7. Heavy coal-oil, from the Paris Gas Association......| 1. 044 8.916 | 18. Raw schist oil, from Autun, manufactured by Cham- 0. 870 9. 950 
8. Petroleum from Parma, near Salo.............- ah ant 0. 786 10.121 | peaux, pam & Redness oy yi 
9. Oi! from Java, commune Daudang-Llo, district Tima- 0.923 . 10.831 || 19- Heavy Kiefernharz oil, from Mount de Marzan....... 0. 985 . 
acon, residency Pembang. | 











* O. Rendus, xvi, 442; Ixviii, 349; C. N., 1869, 237. 


In 1871 he examined the petroleums of the Russian empire from the neighborhood of Baku, on the Caspian 
sea, and obtained the following results: No. 1 was crude naphtha from the Balchany wells, specific gravity at 0°, 
0.882; No. 2 was residuum from the Baku stills, specific gravity 0.928; No. 3 was black oil from the Weyser 
refinery at Baku, specific gravity 0.897; No. 4 was light oil of Baku, specific gravity 0.884; No. 5 was heavy oil of 
Baku, specific gravity 0.938. On distillation they afforded : 















































Temperature. 1, 2. 3. | TIS a 
| | | | | 
| Per cent.| Per cent.| Per cent. Per cent. Per cent. | 
Volatile at 100°C ......senccnr---s2-- REE SERA AEM 3 ft 8 | aD) i eds plata. 
ViOlAtIG AT A0S Co setetecinete ese = [eeeeceeece sees eteree|eseeee sees | PTR Pest ald ie 
Volatile at 160°C .................... | DAO N latmencs taal asinac sae: COM | See eee 
Wolntilorat ISOC ssenccee eee acess OF Wie caeeeealeote ees, Peels, Seen aes 
Wolstileat 2000122 ass e cee TAN O Meee Mids 32 | SON eset vese. 1.0 | 
Volatile mtio20o (ise os cea oe sin tites 15aSa Weadewansctneshe osc eelos0 Jeon 
Nolatilo nt 2400 Cea ees te ease ewintpeces 1.0 8.0 ; 233 | Tod 
Volatile at 260° C 2. .-2.....4.iepe.25: | 29.0 2.8 14.0 | 29.3 | 3.0 | 
Volatile’ati280° C iiiiec 42k esc, 1 37 0 | 4.3 PERE aa TRY 6.0 | 
$ V Glavtile nt: 9000 Civc 50: ts.4se- scab nema 41.3 | TR yih BPA doe (Tbe8 9.7 | 
COMPOSITION AS GIVEN BY ANALYSIS. 
ThE perry re A SPA ee etm PUT MIRO. 38.6.2] ,) a3 | 
CL ETI ait Ek eae ieee ey as si L 86.5 | 86.3 86. 6 
OSV OMe =< esc aslae as = dese aasisesats 0.1 | 1.2 1.5 0.1 1.1 
100. 0 | 100. 0 100.0 | 100. 0 100. 0 








a Pract. Mech. Jour., March, 1864, p. 314; Dingler, ¢lxxii, 71. 
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From these data their calorific power was calculated and compared with that obtained by experiment in the 
petroleums marked 4 and 5. The results are thus given in calories: 


1. 2. 3. 4. 5. 
Calorific power, caledlated ec eae see ciseee ete cee eae 11. 370 11. 000 11. 060 11. 660 11. 200 
Calorifie power, observed t-ore. wcrc ener ewe ee ena cee aes (11. 070) (10. 700) (10. 760) 11. 460 10. 800 


Numbers 1, 2, and 3 were calculated from the results in4 and 5. These results show the Baku oils to be superior 
to those of America and Europe for heating purposes. (@) 


In 1877 K. Lissenko stated that— 

Some forms of petroleum that yield a less amount of heat on combustion than that calculated are regarded as containing hydrocarbons 
of the series Cy Hen +2, accompanied by small quantities of non-saturated hydrocarbons. (b) 

Later, M. Berthelot has shown in a research upon the gaseous hydrocarbons that the heat of combustion of 
an hydrocarbon is not always equal to that of its elements. The variation is least in the case of the saturated 
hydrocarbons ©,,H», . 2. (¢) 

Asno two petroleums from different localities are alike in composition, these researches indicate that considerable 
variation exists in the heating power of different petroleums, and that practically their heating power is considerably 
less than would be calculated from their elementary composition. 


SECTION 2.—PETROLEUM AS A STEAM FUEL. 


The employment of petroleum as a steam fuel has been the subject of many experiments and much controversy. 
From a careful survey of the subject I conclude that no important practical difficulty has been anywhere encountered 
where for any reason petroleum has been a more desirable fuel than other material. Petroleum has always been 
burned for steam fuel more or less in the oil regions of Pennsylvania. All sorts of experiments have been made 
there to burn the crude oil, both pure and mixed, with steam. Mr. D. A. Wray, on Oil creek, filled with crude oil, 
at 50 cents per barrel, an 8-horse boiler, with safety-valve attached. He fired up under it as if it was filled with 
water, and burned the vapor as if it were gas. The arrangement worked well until the spaces between the boiler 
tubes became choked with coke. This deposit of coke from distillation of the oil has been found to be the chief 
practical difficulty, and has usually been avoided by injecting steam through the escaping oil in such a manner as 
to completely volatilize it. Another practical difficulty observed by Mr. Wray was explained by him as in accord 
with an observation of Tyndall that the flame of a Bunsen lamp is intensely hot to objects immersed in it, but 
that it radiates comparatively little heat. Mr. Wray has observed that all successful contrivances for burning 
petroleum must distribute the flame upon the surface to be heated, and not beneath it. Inattention to this condition 
is the cause of many unsuccessful attempts to generate steam by the use of crude petroleum. It is impossible that 
I should attempt to describe the great number of apparatus devised for burning the crude oil, many of which are 
entirely adequate. The successful use of the oil for years in stationary engine boilers has demonstrated the absence 
of all serious practical difficulties. The questions of economy and safety appear to have determined that for general 
use it is not a desirable fuel, while in special cases its use has been attended with complete satisfaction. 

Mr. William T. Scheide has communicated to me the following results obtained by the United Pipe-lines: 

The oil was burned with a steam jet under four stationary boilers (60-inch shells 14 feet long, with 83 3-inch tubes), and the steam 
furnished a Worthington compound duplex pump doing an actual work of about 200 horse-power. (The indicated horse-power would 
probably be about 225 to 250 horse-power.) These boilers and this pump use as nearly as possible 4.54 pounds of bituminous coal per horse- 
power of work done per hour. Using this average, which is pretty well determined, as a basis, 1 ton of 2,000 pounds of this coal is equal 
as fuel to either 3.94 or 4.13 barrels of 42 gallons each of oil. The experiment was not conducted as it should have been, and there is a 
question as to the pressure against which the pump worked, which accounts for the difference in the estimate. I think it may be stated, 
however, that 4 barrels of oil would be required to furnish the equivalent of a ton of good bituminous coal if the oil is burned with a 
steam jet. With an air jet I look for better results. 

It has also been very thoroughly tested for use on steam vessels. In 1868 the then Secretary of the Navy 
reported that the appropriation of $5,000 for testing petroleum as a fuel on steam vessels had been expended on a 
series of elaborate experiments at the New York and Boston navy-yards. 

The conclusion arrived at is, that convenience, comfort, health, and safety are against the use of petroleum in steam vessels, and 
that the only advantage thus far shown isa not very important reduction in bulk and weight of fuel carried. 

At Woolwich experiments were made with naphthaline, creosote, residuum, tar, and grease, but nothing proved 
satisfactory except pure American petroleum and “clear British shale oil”. Comparative tests showed the— 


. Per cent. 
Highest evaporation, of water pet pound of coal 21ibs. 4. 2sc.< cane coe cou cenmen meee a ees eek eee 7.38 
Lowést evaporation of. petroletini 442.5. Ser eee sf ow 5 ca ates ee En ee ee 12, 02 
Highest evaporation of ‘petroleuny 232. 55a see cee ee ee ee eee eee eens 13. 00 


On July 31, 1869, a train arrived safely in Katschujan, 81 versts from Charkoff, whose engine was heated with 
raw naphtha (petroleum) instead of coals. The honor of the invention is ascribed to the mining engineer, Portski. 














a C, Rendus, \xxii, 191; Ixxiii, 491. 
b Russian Chem. Soc., June, 1877; C. N., xxxv, 180; J. C. S., xxiv, 453. 
o C. Rendus, xe, 1240; J. C. 8., xxxviii, 786. 
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Two engines on the Strasbourg line, fitted in 1870 with M. Deville’s furnaces, burn from 34 to 5 kilograms of oil 
to every kilometer traversed, or say 8—12 pounds to two-thirds of a mile. The oil is completely burned, and no 
sulphur is observed in the atmosphere of the tunnels. 

Petroleum has also been used with entire success upon steamers and locomotives in the United States. While 
all of these experiments and practical tests show that petroleum can be used on locomotives without difficulty, and 
perhaps with some elements of superiority over other kinds of fuel, it cannot be affirmed that it is as yet so economical 
as to lead to its use in the face of the very grave and unquestioned elements of danger attending it. Coal in the 
United States is cheap, plentiful, and safe, but on the Caspian sea it is rare and costly. This fact constitutes a 
sufficient reason why persistent and successful efforts to burn petroleum and residuum on the steam vessels that 
traverse that sea should have led to its almost exclusive use for steam purposes. The following concise statement 
explains the method of its use: 

An apparatus has been devised for the utilization of petroleum as fuel in steam navigation, and its application for this purpose in 
central Asia has, it is reported, been attended with results that are considered very satisfactory, such fuel also occupying much less space 
than the amount of coal necessary to produce a similar effect. 

With the old-fashioned boilers in use—with a central opening running longitudinally—no modification, it is stated, is necessary for 
the employment of the fuel in question. A reservoir containing some hundred pounds’ weight of the refuse, “ astalki,” is furnished with 
asmaill tube, bearing another at its extremity, a few inches long and at right angles with the conduit. From this latter it trickles slowly. 
Close byis the mouth of another tube connected with the boiler. A pan containing tow or wood saturated with astalki is first introduced 
to heat the water, and on the slightest steam pressure being produced a jet of vapor is thrown upon the dropping bituminous fluid, which 
is thus converted into spray; a light is applied, and then a roaring deluge of fire inundates the central opening of the boiler. It is a 
kind of self-acting blow-pipe. 

The volume of fire can, it is stated, be controlled by one man, by means of the two stop-cocks, as easily as the flame of an ordinaty 
gas jet. Mention is made of a steamer of 450 tons and 120 horse-power on this principle, 30 pood per hour of astalki being burned to obtain 
a speed of 13 nautical miles in that time; and as 1 pood is about 33 pounds, and costs on an average about 10 to 12 cents, or about $60 for 
a twenty hours voyage at full speed. 

The use of petroleum in Russia for steam fuel on both locomotives and steam vessels has been very fully 
discussed by T. Gulichambaroff in the Gornii Journal for 1880. He says that— 

In the Caucasus the refuse of the distilleries is used as fuel, which in 1874 could be had for nothing. In 1875 the price was 3d. per 
barrel of 20 poods (720 pounds); in 1876 it rose to 1s., and 1877 to 2s.; in 1879 the price had reached 5s. 3d., while raw petroleum at the 
same time was 10s. Attention is now being directed to the use of raw petroleum, against which there is a standing prejudice on account 
of the possibility of explosions. Any liability to explosion is easily removed by exposure to the air for a few days. On the Balachauskoi 
railroad the locomotives are fired with raw petroleum, which is poured into the tender direct from the springs; yet there has never been 
an accident. The author has seen burning logs quenched with petroleum without setting it on fire, and spontaneous combustion is 
impossible, as the oils do not absorb oxygen. At present all the steamers on the Caspian sea use liquid fuel, 4.5 to 4.9 pounds per horge- 
power; 1,080 pounds of naphtha (petroleum) is found to be equal to 343 cubic feet of oak wood. The use of petroleum by injectors and 
its freedom from sulphur present great advantages over any other form of fuel. (a) 

The action of hydrocarbons at a red heat with steam has been investigated by M. Coquillion. He shows that 
steam assists the dissociation of the hydrocarbons, producing at the same time a fall of temperature which is added 
to that, produced by the reduction of CO, to CO. (b) 

As already stated, the use of petroleum for steam fuel is determined by its cost relative to other kinds of fuel. 
With the low price of petroleum at Baku and the absenceof wood and coal on the steppes of Russia and the shores 
of the Caspian sea, there can be no question that petroleum is the cheapest and best steam fuel to be had in that 
region. But in the United States the question lies between petroleum and anthracite coal for ocean steamers and 
bituminous coal on the western rivers. I think no one would now question the ease and efficiency with which 
petroleum can be burned in several forms of apparatus lately invented, nor can it be denied that it is less bulky 
than coal and more conveniently handled; but that it is a safe material to use on ocean passenger steamers as 
compared with coal cannot be maintained. Moreover, the claim that is made that much less stowage is required is 
not found to hold to any extent against anthracite coal. A ton of anthracite requires 48 cubic feet and a ton of 
petroleum requires 44 cubic feet. The difference is incousiderable. As the question is at present stated, I do not 
look for any considerable increase in the use of petroleum for steam purposes in the United States. 


SECTION 3.—PETROLEUM AND ITS PRODUCTS IN THE MANUFACTURE OF IRON. 


The natural gas of the oil-wells has been successfully used in the manufacture of iron in the vicinity of 
Pittsburgh, Pennsylvania. Messrs. Spang, Chalfant & Co., whose works are at Sharpsburg, brought the gas in a 
6-inch pipe to their works from wells near Saxonburg,,Butler county, a distance of 17 miles. They use it for puddling 
and heating and for making steam. Messrs. Rogers & Burchfield placed their works at the wells on the Kiskimenitas, 
a tributary of the Allegheny river. They use it in an ordinary reverberatory furnace by bricking up the bridge and 
introducing the gas in pipes with a blast. It has been remarked that the quality of the iron is something 
wonderful; with ordinary gray coke pig-iron sheets for tin-plate equal to those from the best charcoal iron are made 
- at a cost of $50 per ton less. 








a Proc. London Inst. Civil Engineers, Lxiii, 408. b C. Rendus, No. 19, 1878; C. N., xxxvii. 262. 
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‘A large number of processes have been invented and patented for using raw petroleum in the manufacture of 
iron. Of these the Eames process appears to have been the most successful, and to have had the most satisfactory 
trial. 

At the Laclede iron works, in Saint Louis, experiments have been instituted under what was known as the 
‘¢ Whipple and Dickerson”, or ‘‘Ambler process”. These experiments were unsatisfactory, but in what respect I 
have not been able to ascertain. Experiments were also made at the Chatham dockyard, in England, which were 
in many respects highly successful, particularly with reference to the fine quality of iron produced. 

The Eames process has been put into practical operation both in Titusville, Pennsylvania, and in Jersey City, 
opposite New York. Why it has not proven a commercial success I have not been able to learn. Competent 
judges having an interest in the success of the establishment at Titusville bear testimony to the extraordinarily 
fine quality of the iron produced from scrap and refuse of the most forbidding character. The process has been 
made the subject of a most careful and exhaustive examination by Professor Henry Wurtz, of New York, and 
Professor R. H. Thurston, of the Stevens Institute of Technology, Hoboken, New Jersey. The cut, Fig. 57, 
represents the apparatus in section. It consists of an ordinary reheating furnace with the “generator” and steam- 
boiler attached. The generator, which is the peculiar feature of the apparatus, is shown at A. It consist of a cast- 
iron vessel, from the sides of which shelves project alternately. The oil, entering from a reservoir at D, trickles over 
these shelves, from which it is swept by a jet of steam superheated to incandescence, entering the generator at E 
from the coil B. The amount of oil required for this furnace, which is capable of working charges of 3,000 pounds 
and making steam for the rollers besides, is a maximum of 30 gallons or 200 pounds per hour. The trickling oil is 
met by the jet of steam moving in the opposite direction, and is at once completely vaporized under a pressure of 
about 10 pounds and is carried into the furnace C. Air enters at F, and, mingling with the mingled vapor and 
steam, passes through the former bridge at H, and burns within the furnace in a long solid sweep of flame, which 
escapes from the furnace at I, and returns, after passing beneath the boiler, through the boiler flue to the stack. 
The old bridge of the furnace is completely bricked up excepting at H, where a space extends across the furnace, 
closed only by fire-bricks placed on end, and it is found that if this ‘‘combustion chamber” has a horizontal 
thickness of more than 18 inches the fire-bricks are fused. 

I quote the language of Professor Wurtz’s memoir respecting the working of the apparatus described : 

It is quite easy to determine with precision with the arrangements at Jersey City the relations of consumption of oil to iron 
produced, and time, labor, and material occupied in any special case. The oil was fed from a tank, sunk in the ground, which had a 
horizontal section throughout of 4 feet square. Each inch in depth, therefore, corresponded to 2,304 cubic inches, or closely enough to 10 
United States gallons of 231 cubic inches. By gauging with a graduated rod each hour, therefore, the hourly consumption of oil was 
readily followed up. It was thus determined by me that, starting with a cold furnace and boiler full of cold water, 45 minutes was a 
maximum time, with oil fed at the rate of 30 gallons per hour, or 22.5 gallons in this time, to bring the whole fire space to a dazzling white 
heat. Six piles of boiler scrap, averaging 500 pounds, or 3,000 pounds in all, being then introduced, 35 minutes more at the same rate of 
consumption not only brought the piles toa high welding heat, but raised the steam in the boiler to 90 pounds pressure, being that 
required to operate the rolls. The time required after the furnace was heated and steam up for each charge of 3,000 pounds averaged at 
most 80 minutes, and as the brick-work became heated throughout it was apparent that the feed of oil might be somewhat diminished. 
Thus in‘ working day of ten hours just seven such charges could be worked off, averaging 2,500 pounds of rollediron each; total, 8 tons 
per day of boiler-sheet from one such furnace, with an average consumption, as amaximum, of 30 gallons (200 pounds) of oil per hour, or 
300 gallons (2,000 pounds) in all. To this must be added, however, the fuel used under the generator and small supplementary boiler, 
which together was 500 pounds per day. It is admissible that one generator and one small boiler will operate several furnaces, the 
inventor says 5; if wesay 4, it will diminish the small addendum of cost. 

As to working this furnace with coal, it was ascertained from the testimony of the operators that, by keeping up the fire all night, 
so that a heat could be had at a reasonable time in the morning, the maximum product of finished sheet might be, with superior work, 
allowing 90 minutes for each heat, 6 tons, with a consumption of at least 5} tons of coal = 12,320 pounds, or 2,053 pounds of coal per ton. (a) 

I have omitted Professor Wurtz’s estimates of comparative cost, as any one interested can readily make them 
to suit the prices of coal and crude oil in his own locality. 


SECTION 4.—STOVES. 


During the last few years stoves in great variety have been contrived in which some of the products of 
petroleum are consumed as fuel. Practically they may be divided into naphtha and kerosene stoves. In reference 
to the use of the naphtha stoves I have nothing to say, excepting that their manufacture, sale, and use ought to be 
probibited by law. I need not repeat here the facts and arguments already brought forward to show why they are 
dangerous to persons who use them and to the communities in which those persons live. In spite of all that has 
been written and spoken on this subject, a vast number of them is sold every year. The apparent apathy of the 
public in reference to this matter is shown by the fact that after the terrible fire in the New York tenement houses 
in January, 1881, caused by the careless use of gasoline in some sort of plumbers’ apparatus, Commissioner 
Gorman said toa New York Herald reporter— 


That he had examined the law regarding the use of gasoline, and he found no statute that could prevent its being used as a heating 
and illuminating agent. Section I, chapter 584, of the laws of 1871 provided that ‘‘no refined petroleum, kerosene or other burning 
fluid shall be used for heating or illuminating purposes in any dwelling, house, store, shop, restaurant, car, coach or other vehicle, which 











a Am. Chem., vi, 94. 
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shall evolve combustible vapor at a temperature below 100° Fahrenheit”. Now, had the law not been repealed, it would have prevented 
plumbers using gasoline for heating purposes. The law, as I have read it to you, was, however, repealed by section 4, chapter 742, of the 
laws of 1871, which reads “that no refined petroleum, kerosene, coal or similar oil, or product thereof, shall be used for illuminating or 
heating purposes which shall emit an inflammable vapor at a temperature below 100° F., or shall be kept for sale or stored within the 
corporate limits of the city of New York”. (a) 


~ 


On the Ist of June following 27 barrels of gasoline lying on the platform of the Consolidated Railroad freight- 
house in Springfield, Massachusetts, took fire from some accidental cause, and after a part of them were supposed 
to be extinguished several of the remainder exploded and injured about 40 persons more or less seriously. 
December 27 following the steamer West Point exploded and burned at West Point, Virginia. Nineteen persors 
were killed and a number badly injured. Her “cargo was made up of miscellaneous freight, among which were 
several hundred barrels of oil, sixty of which were gasoline”. These are some of the gasoline accidents for one year, 
and yet there is no general legislation to prevent gasoline from being used in lamps and stoves and from being 
carried as common freight except section 4472 of the Revised Statutes of the United States, quoted on page 236. 

The kerosene stoves are being brought to a great degree of perfection, and are found to be very useful. Of 
the several different manufacturers who are seeking the patronage of the public I am not disposed to select any 
as making in all respects an article superior to all others. These stoves act best with high-test oil, and are therefore 
safe. Their healthfulness depends upon the manner in which they are used. It is claimed that one of these stoves 
with two burners discharges an amount of carbonic acid into the atmosphere of a room equal to the respiration of 
2+ persons. I have not examined the merits of this statement; but, assuming the statement to be correct, it is a 
sufficient reason why the most thorough ventilation should be urged upon those using these stoves. Very few are 
used under circumstances that admit of the removal of the products of combustion from the apartment, and when 
one is used in a small room occupied by two persons the contamination of the air amounts to that caused by the 
constant occupation of the room by from four to five persons. When to this unavoidable source of impure air is 
added the sulphurous acid and half-burned products of the combustion of poor and cheap oil, the use of petroleum 
stoves cannot be recommended as conducive to health. Yet they are cheap and convenient, are used by tens of 
thousands, and their use is increasing. 


SECTION 5.—MISCELLANEOUS APPLICATIONS OF PETROLEUM PRODUCTS FOR HEATING 
PURPOSES. 


Petroleum and nearly all of its products and natural gas are used in glass houses for producing high temperatures 
and flames free from soot and other materials that would injure the glass. At Wheeling, West Virginia, one of 
the largest glass houses uses benzine for producing the intense heat of the ‘glory holes”, and other houses use 
natural gas for the same purpose. Throughout the oil regions natural gas is largely Srneaiien in the towns for 
heating dwellings and culinary purposes. It is used witha large Bunsen burner, from which the flame is projected 
into an ordinary stove. Another method, and much the best, is to introduce the Bunsen flame into the back of an 
ordinary portable grate. The grate is filled with fragments of fire-brick, which become bright red in the gas-flame, 
and radiate as much heat as glowing anthracite, which, in fact, they much resemble. 

A novel application of petroleum to the myOdcHen of motive power has been made successful in Hook's 
petroleum motor, in which vapor of petroleum is exploded behind the piston of an engine and the expansive force 
made available as a motor. It claims to possess the following advantages over other similar engines: 

1. Perfect safety; neither incompetence nor malice can produce a destructive explosion. 

2. No particular attention needs to be given it. 

3. The facility with which the engine can be started and stopped, no complex preparations being necessary. 

4, Its almost noiseless operation. (b) 

At Mosul, Persia, in the valley of the Euphrates, the crude petroleum and maltha from the springs of Hit is 
used for burning lime, and proves an invaluable fuel in a country nearly destitute of wood. 


a New York Herald, January 6, 1881; Zbid., June 1, 1881. b Jour. Frank. Inst. (3), xviii, 87. 
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CuoapreR V.—THE USES OF PETROLEUM IN MEDICINE. 


SEcTION 1—THE PHYSIOLOGICAL EFFECTS OF PETROLEUM AND ITS PRODUCTS. 


Although crude petroleum has been used as a remedial agent from the earliest times, both in the Old World 
and in the New, I have not met with any recorded attempt at a careful study of its physiological effects. The few 
notes that I have made in reference to this subject are therefore fragmentary and inconclusive. While in the oil 
regions I was told several stories relating to the experiences of persons who had breathed natural gas or the vapors 
of the very volatile fluids that escape from the oil as it flows from the wells. From these several experiences I 
conclude that the natural gas from the wells intoxicates like laughing gas. Persons leaning over the edge of a well 
tank experience at first an agreeable sensation, which is followed by unconsciousness. On recovering consciousness 
the person is very talkative, exceedingly witty, with a vivid imagination. These effects do not disappear for 
several days, and are described as resembling somewhat those of a prolonged spree. Death results from the 
prolonged action of the gas. In March, 1880, a man was found dead at the top of a ladder at the man-hole of a 
tank. He was supposed to have become asphyxiated while watching the flow of oil into the tank, from breathing 
the gas which was escaping into the air through the man-hole. 

Rhigolene, which is the most volatile fluid ever condensed from petroleum, and the lightest liquid known, is an 
effective anesthetic agent, and has been used as a substitute for ether in a few instances. Professor Simpson used 
naphtha (specific gravity not stated) as an anesthetic during the extraction of necrosed bones. The insensibility 
was deep and tranquil, and the breathing was less stertorous than when chloroform is used. Its effect on the 
heart’s action, however, was much greater, the pulse becoming more rapid and fluttering. (a) Dr. French, of the 
Liverpool, England, board of health, investigated the subject on a memorial of citizens, and reported that petroleum 
had an offensive odor, but was not injurious to health.()) Landerer relates a case, but does not say whether the 
petroleum was crude or refined. It is presumed the material was illuminating oil. A quantity was swallowed, the 
greater part of which was vomited. It produced a strong, burning sensation in the tongue and throat, both of 
which became reddened and swollen. The stomach and bowels were also affected with strong symptoms of gastro- 
enteritis. Both the urine and the sweat smelled strongly of the oil for several days, and the odor was especially 
strong under the armpits. The patient became very weak, but recovered. 

In 1864 M. E. Georges published a memoir upon the physiological effects of petroleum ether, of which the 
following is a summary: 

1. The essence of petroleum acts in a peculiar manner upon the creative faculties (sens génesique), and also 
under peculiar circumstances upon the temperament. 

2. It occasions violent headache with nervous persons. 

3. That action appears to be due to a peculiar principle, which may be separated from it, and which acts. 
principally upon the brain and upon the heart. 

4, The ether of petroleum can be employed with advantage to produce cold upon the exterior in operations, 
because it does not produce pain upon the parts where the blood flows.(c) The term petroleum ether evidently 
designates a substance similar to rhigolene. 

The neutral paraffine oils and paraffine itself appear to be without action upon the human system. The extensive 
use of paraffine for chewing-gum shows it to be without deleterious effects. 

Petroleum is generally destructive of animal life, and particularly of insect life. Hildebrant, an African 
traveler, advises smearing the face and hands with petroleum to protect them from mosquitoes. He also advises the 
use of petroleum upon horses and cattle as a protection against the deadly Dondorobo gad-fly. By its use natural 
history collections are also preserved from the invasion of moths and ants in the tropics. (d) Petroleum has been 
used in France to destroy insects on plants and walls, also on dogs. In the latter case it is applied either before or 
with soap. An agriculturist of Aube is reported to have said that rats and mice left his cellar when petroleum 
was stored there, and slugs left a garden that had been watered with the rinsings of petroleum casks. Its use has 
been recommended upon plants to kill lice, and also to kill mange and scab on dogs and sheep, for which purpose 10: 
parts of benzine, 5 parts of soap, and 85 parts of water are recommended. It must be used with great caution 
upon animals. Those, who have used it recommend that it be diluted with benzine. The use of crude petroleum 
and maltha for ridding vines of parasites has already been mentioned, the product of the Albanian springs having 
been sent to Smyfna and the Levant for that purpose. Moths are destroyed in furniture and garments by 
immersing them in baths of benzine. One great obstacle, however, to the frequent use of petroleum products is. 
their disagreeable odor, which to many people is particularly offensive. 











a An. Sci. Dis., 1850. b Ibid., 1864. ec Ann. du Genie Civil, 1864, p. 525. d Nature, xviii, 373. 
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SECTION 2.—PETROLEUM AND ITS PRODUCTS AS THERAPEUTICS. 


Crude petroleum has been used as a remedial agent in both external and internal administration. Its use asa 
liniment dates from a very remote antiquity. In 1839 M. Fournel addressed a letter to the French Academy, in 
which he discussed the employment of petroleum by the ancients in the treatment of itch. (a) He says: 

Pliny (Nat. Hist., Book XXXYV, chap. 15), speaking of the petroleum of Agrigentum, that was called Sicilian oil, says: ‘They make 
use of it for lamps instead of oil; also for the scab in draught cattle.” Before him Vitruvius (Ten Books of Architecture, Book VIII, 
chap. 3) had mentioned the custom among the Africans of plunging their beasts into the waters of a bituminous spring near Carthage; 
and after him Solinus (Poly. Hist., chap. II), speaking still of the springs of Agrigentum, says: “It [the oil] is used as a medical ointment 
in the diseases of draught cattle.” 

All the authors of the fifteenth, sixteenth, and seventeenth centuries have indicated the same remedy, notably 
among them Frangois Arioste, who cured men and animals afflicted with itch with the petroleum which he had 
discovered in 1460 on Mount Libio, in the duchy of Modena. Among many others Agricola also may be cited, who said, 
in the middle of the sixteenth century, *‘ Cattle and beasts of burden, when smeared with it, are healed of the scab.” 
If I pass to petroleum obtained by distillation, I find that in 1721 Eyrinis obtained from the asphaltic stone of the 
Val-de-Travers, in the canton of Neuchatel, in Switzerland, an oil, of the efficacy of which for the cure of itch he 
boasted much, affirming that he had cured more than 30 persons by means of it. (Dissertation upon asphalt or 
natural cement, etc., pamphlet in 12mo; Paris, 1721.) 

In America crude petroleum has always maintained a high reputation as an external application for rheumatism. 
The Indians living in the neighborhood of oil-springs used it for that purpose, and the early voyagers learned of 
them its value. Seneca oil and Barbadoes tar were offered for sale in the United States and Europe many years 
before petroleum in its present use became an article of commerce. In 1822 the editor of the American Journal of 
Science acknowledges the receipt from James R. Sample, of Barbadoes, of specimens of Barbadoes green tar, a 
petroleum of excellent quality, and indurated bitumen or ‘“ munjack”, and says: 

The tar is found very useful in preventing lockjaw, when the first symptoms are attended to, by rubbing the spinal bone from end to 
end and the muscles of the thigh and arms. When taken internally it is also a powerful sudorific. (b) 

Again, in 1833, when writing of the petroleum spring at Cuba, New York, Professor Silliman, sr., says the oil 
was used by people about that place for sprains and rheumatism, rubbed on. (c) 

In recent years refined petroleum has. borne a valuable reputation as a hair renewer. It is said to promote the 
growth and luxuriance of human hair and to stimulate the growth of hair on bald scalps to a wonderful degree. 

. Marvellous as are the tales that are circulated by the press, | know of no authentic case, nor have I observed any 
notices of such cures in reputable scientific journals. 

Throughout the oil regions of Pennsylvania petroleum bears a high reputation as an internal remedy in cases 
of consumption. The oil of the old American well, under the name of American oil, was sold in Pittsburgh for 
that purpose at the time when Kier was making his first experiment at distilling petroleum. While in the oil 
regions I met several persons who testified to having witnessed its beneficial effects either upon their own persons 
or upon those of near relatives. A Mr. S. stated that his brother-in-law was seriously ill with phthisis, when he 
commenced taking crude petroleum in teaspoonful doses, which he increased in a year to a tablespoonful. His 
case experienced a marked improvement, and the tubercles were said by the attending physician to have been 
healed. 

Duting 1879 the French Bulletin de Therapeutic contained an article in which it was stated that petroleum had 
been proved very beneficial in chronic bronchitis, and was thought to be so in phthisis. Administered in teaspoonful 
doses before each meal, the nausea that was first experienced soon disappeared. For administration it had been put 
up by a Paris pharmacist in capsules containing 25 centigrams of the oil under the name of “ huile de Gabion”, 
after an ancient petroleum spring. ¢ 

Notwithstanding these well-attested facts concerning the therapcutic action of petroleum, it cannot be said to 
have a recognized status in American pharmacy. 


SECTION 3.—PHARMACEUTICAL PREPARATION S OF PETROLEUM. 


Petroleum has been deodorized and purified for administration by filtering. Within a few years a series of 
compounds has been prepared for homeopathic practice called myro-petrolenm compounds. They are prepared by 
causing to react upon each other fixed oilof mustard, an alkali,and petroleum. The myronic acid of the oil of mustard 
forms a salt or soap with the alkali in which the petroleum is dissolved. There are four primary preparations, viz: 

1. Myro-petroleam—album. 

Refined petroleum. 
Mustard oil. 
Alkali. 





a C. Rendus, ix, 217. b Am. Jour. Sci. (1), v, 406. ce Ibid, (1), xxiii, 99. 
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2. Myro-petroleam—nigrum. 

Crude petroleum. 

Mustard oil. 

Alkali. 
3. Myro-petroleum soap. 

A mustard-oil soap containing paraffine. The claim is made that paraffine is saponified. 
4, Glycero-petroleum. 

Which it is claimed is a petroleum glycerine. 


The first three preparations are, no doubt, produced as claimed, and their merits as therapeutic agents rest on 
careful tests, not upon opinion. The claims that are set up, however, for these preparations—that paraffine is 
saponified and that glycerine is prepared from petroleum—show that the persons making such claims have no clear 
idea of the chemical constitution of either petroleum or the saponifiable fats. Paraffine was so named from being 
found destitute of affinity, and acids and alkalies have no more action upon pure paraffine than upon a piece of India 
rubber, and no substance resembling glycerine has thus far been obtained from petroleum or any of its products. 
They are all, however, including paraffine, soluble in soaps; hence soaps may be produced containing paraffine or 
petroleum, but glycerine cannot be obtained from petroleum. About 15 per cent. of paraffine can be incorporated 
with soap. These soaps are found very valuable in hospital practice for washing malignant ulcers and inflamed 
mucus surfaces. It is, however, as a material forming the basis of ointments that the preparations of petroleum 
have obtained their strong hold upon the medical profession. The preparations cosmoline, vaseline, petrolina, etc.,. 
which are all essentially the same thing, have now a permanent place in the materia medica. 

As early as 1861 C. T. Carney, of Boston, substituted paraffine for wax, spermaceti, and almond oil in cerates, 
and exhibited specimens at the meeting of the Pharmaceutical Association that year. He remarked: 


An ointment made in this way would, in my judgment, be very permanent and keep a long time without becoming rancid or ropy. 


White wax in small amount rendered the ointment more tenacious.(a) It was not until the discovery and 
preparation of so-called amorphous parafiine that a material was furnished to pharmaceutists that was destined to 
supplant the old preparations. I have made no attempt to adjust the conflicting claims of those who manufacture 
this preparation under different names. I prefer to leave that to the subtle administration of patent law. It is 
sufficient for my purpose that somebody discovered that when a petroleum residue obtained by evaporating the oil 
in vacuo, or by any other means that will prevent its destructive distillation, is filtered through animal charcoal, 
an amber-colored, nearly odorless material is obtained of the consistence of paste at ordinary temperatures. One 
man called it cosmoline, another vaseline, and others have given it other names. Whatever named, amorphous 
paraffine is rapidly becoming the ointment of the world. It is prepared by the manufacturers either plain or 
scented with rose or some other perfume for the retail trade, and is also prepared in bulk for the apothecaries. 

At the meeting of pharmacists, held in 1880, for the revision of the United States Pharmacopeia, the superior | 
claims of this material over all other preparations as a basis for ointments were acknowledged, and the necessity 
for its recognition as an officinal preparation of the pharmacopeia was conceded. Some difficulty was experienced 
in preparing a formula for a substance the origin of which was hidden behind the mysterious veil of conflicting 
patent rights. On the other hand, the profession was justly cautious in recognizing a name that might designate 
one thing to-day and another to-morrow. Finally Unguentum Paraffint obtained a name and place in the 
Pharmacopeia. Some difficulty has been experienced in establishing a proper melting point for the preparation. 
The merits of this question are fully set forth in the following paper, prepared by Dr. Charles Rice, of the Bellevue 
hospital, New York, and read at the last (1881) meeting of the American Pharmaceutical Association : 

‘““What melting point is most desirable for petroleum ointment?” * * * Our present as well as former pharmacopeias contain 
two principal classes of unctuous substances intended for external application; one of these of the class of cerates, and the other that of 
ointments. These have generally been understood to have two entirely different functions, at least in the majority of cases, and for this. 
reason they have been carefuliy kept apart, although they overlap each other in a few instances. A cerate, as the name already implies, © 
is a “waxy” ointment, that is, an ointment stiffened with wax, for the purpose of raising its melting point. An ointment is intended 
chiefly for ‘‘inunction”, and for this reason should possess a melting point but little above that of the temperature of the body. A cerate, 
on the other hand, is rather intended as a dressing, to be spread on lint, linen, or muslin, and to be applied to the injured surface. 

These well-known distinctions furnish the clue to the solution of the question, at least from the standpoint of theory, and also from 
the standpoint of the physician. The writer has had an opportunity during the past year of learning the views and opinions of a 
considerable number of practitioners on this subject, and he only regrets that he cannot quote their statements and reports, which were 
made for another purpose than the drafting of the present paper in full, and with their names attached; but he is at liberty to state that 
most of them, and among them the foremost dumatologists, pronounce the melting points of several of the commercial petroleum ointments 
to be altogether too low. 

During the heat of summer particularly, and in the warmer sections of our country even in other seasons of the year, an ointment 
should not have a melting point below about 40° C. or 104° F., and as it is easier to soften an ointment by heat than to stiffen it by 


cold, it appears preferable to select a uniform melting point for the year round, based on the requirements of the average summer 
temperature. 





a Am. Jour. Phar. (3), ix, 72. 
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Petroleum ointment is principally desired by practitioners as a perfectly bland, neutral, and inactive base for suspending therein. 
various topical remedies. Naturally, this very property of blandness and neutrality will in many cases alone produce curative effects,. 
because it will permit the natural healing process to proceed normally and uninterruptedly, provided the injured part is pesaroughly covered 
so as to exclude the air. 

From the opinion of most of the practitioners whose views have been solicited or tendered two petroleum ointments of different 
melting points are chiefly desirable. One of these, which could take the place of lard or ointment or other low-melting unctuous: 
compound, should have a melting point of 40° C. or 104° F. And the other, which could take the place of cerate or of corresponding 
compound of higher melting point, should have a temperature of about 46° C. or 115° F, 

The preceding would be an answer to the query from the standpoint of the physicians. But there is another feature connected 
with the query which cannot well be separated from it, though it is not expressed in words. In fact, the question might as well have: 
been formulated thus: 

What is the most desirable melting point to be recognized by the next pharmacopeia for petroleum ointment ? 

While the pharmacist acknowledges the correctness of the distinction between ointment and cerates, and will doubtless agree- 
with the opinion of the physician that there should be both asoft anda firm petroleum ointment, according to the purpose for which it is- 
to be used, he will, on the other hand, most probably deprecate the introduction of more than one kind of simple petroleum ointment into- 
the pharmacopeia, because a multiplicity of them will surely result in confusion, both on the part of prescribers and dispensers, and besides, 
because the likelihood of the pharmacopeial requirements being observed, will diminish in proportion to the number of grades recognized, 
since it is out of question for the retail pharmacist to prepare the article himself. Hence, from the standpoint of the pharmacist, it will 
be safest, at least with our present knowledge and experience, to recommend the official recognition of that petroleum ointment only 
which has the lowest melting point declared suitable by competent medical authority. And this melting point is 40° C. or 104° F. Any 
higher melting point can be easily obtained by incorporating with the petroleum ointment more or less yellow wax, and the exact consistence 
- and melting point of the product will, therefore, be more easily within the personal control of the pharmacist than if he were compelled 
to rely upon the alleged melting point of a manufactured product. 

The addition of yellow wax to petroleum ointment has long been known to yield a perfectly homogeneous and satisfactory product. 
Nor does it introduce into the mixture any source of deterioration, at least for any reasonable period of time, since it has been shown 
that the mixture remains a long while free from all trace of rancidity, particularly if the petroleum ointment itself was sweet and fresh. 

It has been said above that pharmacists, as a rule, will probably prefer only one officinal petroleum ointment, and this supposition 
will probably be confirmed should any discussion of this paper take place after being read. But itis also approved by quite a number of © 
physicians with whom the subject has been discussed, and to whom the difficulties attending the recognition of several grades have been 
pointed out. But, so far as the writer is aware, those who advocate the introduction of only one petroleum ointment, whether pharmacists . 
or physicians, do not deny the correctness of the statement of the other side, that several grades of petroleum ointment of different 
melting points are very desirable. They only wish to point out that the official recognition of more than one kind would, by no means, 
be a guarantee that the other products could even be at all times procured in the market when required, or would be furnished if ordered. 
And as it is certain that the pharmacist can furnish to the physician equally satisfactory products of controllable and known melting points, 
if such are required, by the method above indicated, it is hoped that the two professions will come to the harmonious conclusion to- 
recognize, in the forthcoming new pharmacopeeia, only one petroleum ointment having a melting point 40° C. or 104° F. (a) 


The merits of these preparations have met with a very cordial recognition in Europe, and frequent mention is. 
made of them in foreign journals under the names of either cosmoline or vaseline. The following notice from an 
English journal presents many facts of general interest in relation to the substance and the varied uses to which 
the apothecary can apply it. It is presented in preference to others for the sole reason that it was convenient of’ 
access, and well represents the appreciative consideration which has been extended to “ petroleum ointment” on 
the other side of the Atlantic: 


AN ENGLISH VIEW OF VASELINE. (0) 
Dg ous MONS WE hver Mou Ss Eien Ors. 


Although petroleum in some form or other has been in use for two thousand years (Herodotus, born B. C. 484, is the first writer who. 
distinctly refers to it), petroleum jelly or vaseline has only been known during the last few years, and is said to have been discovered by 
Mr. R. A. Cheesebrough, of the Cheesebrough Manufacturing Company. I have been unable to find any authentic account of the 
manufacturing process, but according to the pamphlet which I have on the table, and which most of you have doubtless read, it is the 
residue from the distillation of petroleum purified by an elaborate system of filtration, known only to the company, or at least so says 
the pamphlet. This secrecy of its manufacture is one of the greatest drawbacks to its usefulness and official recognition. 

Vaseline was the subject of an original paper read by Mr. J. Moss at the meeting of the Pharmaceutical Society, on February 2, 1876. 
He describes it as a pale yellow, translucent, slightly fluorescent, semi-solid, melting at 37° C. and having a specific gravity of 840 at 54° 
C. It is insoluble in water, slightly soluble in alcohol, freely so in ether, and miscible in all proportions with fixed and volatile oils. It 
is not acted upon by hydrochloric acid or solution of potash, and has all the other characteristics of a mixture of paraffines; an ultimate 
organic analysis made by him gave 97.54 per cent. of hydrocarbons. 

Under the microscope, vaseline, in common with most other fats, is found to contain numerous small acicular crystals, doubtless. 
consisting of a paraffine of higher melting point than the mass, but these do not in any way interfere with its usefulness, because of their 
extreme minuteness and easy fusibility. 

Vaseline may be kept indefinitely without becoming rancid; this is its chief characteristic, and together with its indifference to 
chemicals and its readiness to take any perfume is sufficient to recommend it for pharmaceutical and toilet purposes in place of the fats 
generally used. (c) 

If-vaseline be considered too thin it may be thickened to any extent with paraffine wax. I have found one to seven a good basis for 
general use, or one in ten would answer for most purposes; but to obtain anything like smoothness in the mixture it must be thoroughly 








a Proc. Am, Pharm. Ass., 1881; Oil and Drug News, September 6, 1881. 

b A paper read before the School of Pharmacy Student Association, London. 

ce One improvement seems to me to be possible, and that is the isolation of single paraffines, of various melting points, one suitable: 
as a basis for liniments, another for ointments, in place of the mixture of paraffines sold as vaseline. (The objections to this multiplicity 
of preparations have been presented by Dr. Rice.—S. F. P.) 
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beaten while cooling. Vaseline alone being used for making such ointments as that of ammoniated mercury, or for diluting mercurial or 
the nitrate of mercury ointments, a partial separation takes place on keeping; but if a mixture of paraffine wax and vaseline be used no 
such separation occurs. 

With regard to the preparations of the pharmacopeia, in which vaseline has been suggested as a substitute for the basis in present 
use, first and foremost I must mention the nitrate of mercury ointment. Squire states that this can be prepared from white vaseline by 
substituting it for the lard and oil in the official formula. I tried the experiment on half a pound of white vaseline, using the B. P. 
quantities of nitric acid and mercury and a temperature rising to 214° F., but it was a decided failure. I could obtain nothing but a 
mechanical mixture, the vaseline being changed in color from white to pale yellow and the acid solution continually weeping out, and 
nearly all of it could be separated by pressure. It may be that failure arose from lack of manipulative skill on my part, but I have 
generally been able to get fair results with the B. P. process. I have on the table a specimen of citrine ointment, prepared from a mixture 
of white wax and vaseline and about the same quantity of mercury, but rather less nitric acid; this specimen is about eighteen months 
old, and is as good as when first made. As far as my experience goes, vaseline is not suitable for making citrine ointment of full strength, 
but it certainly is useful for its dilution. Here is some fresh official ointment, and also some recently diluted with vaseline. I likewise 
have a specimen which I prepared two years ago; its color is still good. I found that the vaseline had partly separated from it, and in 
future shall make it with one-eighth paraffine wax. ‘ 

The next troublesome ointment, I think, is that of red oxide of mercury. I have here a sample of the official ointment, which has 
been kept for over two years, and is now certainly an unsighly preparation; also some made with prepared lard, quite as bad. Benzoated 
lard seems to have answered very much better, but still more successful is the mixture of castor oil and beeswax, suggested some years 
ago in the Pharmaceutical Journal. Vaseline, however, will take the palm for more elegant appearance, and it will keep any length of 
time unaltered. 

Compound lead ointment has been spoken of as very liable to change. I have some here made from the official formula which has 
been kept overa year, and also some made with vaseline eighteen months ago; likewise a sample of zinc ointment. The official ointments, 
although only a few months old, are quite rancid; but the samples made with vaseline show no alteration after being kept eighteen 
months. 

Mercurial ointment is also very advantageously made with vaseline and wax, instead of with rancid fat, as is usually the case. 
Under the microscope, samples of both ointments exhibit globules of mercury of about equal size. 

Iodine is soluble in about twenty times its weight of vaseline; therefore vaseline is very suitable as a basis for iodine ointment. I 
am not aware of any action occurring between iodine and the paraffines, although action does take place with chlorine and bromine under 
favorable circumstances. I prepared some a few days ago of B. P. strength, but without any iodide of potassium. 

The crowning success for vaseline is in the preparation of cold cream, and if this were the only compound in which it could be used 
with advantage its mission would, I think, be fully accomplished. I nave made my cold cream for some time with white vaseline, and 
have found a very marked increase in my sale for that article. Ihave kept a sample freely exposed to air in a warm place for some 
months without any alteration, except loss of water. I make it by dissolving Z ij. of white wax in 1 pound of white vaseline by heat, 
adding 3 iss. of borax dissolved in Z ix. of water, and perfume with 3 ss. of oils, stirring until nearly cold and then pouring into pots. 

Vaseline, with or without paraffine wax, is undoubtedly the best basis for pomades, and only requires one-half the quantity of 
perfume common fats do. 

Vaseline has been suggested for internal administration, but it is not the province of the pharmacist to discuss the relative merits or 
demerits of any therapeutic agent; it behooves him, however, to study the best method of exhibiting it, and to bring it to the notice of 
the physician. 

The Cheesebrough Company prepare vaseline in the form of pastilles, which they say contain 33 per cent. of vaseline, with a like 
quantity of sugar and gum; these they flavor with wintergreen oil, which is very much appreciated by our cousins across the Atlantic, 
but not so much so on this side. 

Vaseline can be emulsified with the usual agents. The emulsion made with gum acacia is tolerably permanent, also that with yolk 
of egg. If for external application the vaseline can be mixed with one-eighth its weight of white wax and then emulsified with borax or 
any alkali. The sample on the table was prepared by triturating 5 ij. of white vaseline and gr. xy. of white wax with 3 xiv. of water 
containing gr. xv. of borax in solution. 

I do not look upon vaseline as a nostrum, or I certainly should not have brought it before your notice. It is true we have not 
yet been let into all of the details of its manufacture, but it may be that such disclosure is not far distant. Because the manufacture 
of Duncan’s chloroform is kept a profound secret among the partners of the firm, has that prevented the medical profession from insisting 
upon that particular preparation as an anesthetic? If medical men do not hesitate, when it falls in with the interest of the profession 
and the public, to recommend a particular preparation of a particular firm to the exclusion of all others, I do not see why chemists should 
consider it infra dig. to recommend and use such an elegant and useful article as vaseline. One trouble looms in the far distance—will 
the supply of vaseline last as long as the demand for it? Coal may be replaced, and heat and light obtained from electricity by unknown 
means; but how shall we find a substitute for vaseline, unless, indeed, we be able to make it from its so-called elements? The supply of 
petroleum does not, however, seem to show any signs of decrease at present. Sources known two thousand years ago still yield bountifully, 
and if the American supplies prove as permanently productive as those of the Old World we may leave this question for the present. (a) 


Benzine has been used as a solvent for certain oleo-resins. (b) It has been used successfully in the preparation 


of atropine, santonine, veratrine, delphine, strychnine, brucine, cantharadine, quinine, cinchonine, narcotine, aconitine, 
and coumarine. 





a London Pharmaceutical Journal, 1881. b Proc. Am. Pharm. Ass., 1873, p. 592. 
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Cuaprer VI.—MISCELLANEOUS USES OF PETROLEUM AND ITS PRODUCTS. 





Petroleum and its products are used for a great variety of purposes that do not fall under the classes previously 
considered. Commencing with the lightest products, a liquid called cymogene, nearly if not identical with rhigolene, 
but said to be condensed by pressure, is used in ice-machines with complete success. Gasoline has been proposed as 
a suitable substance to be used in cleansing raw wool. The following discussion of the use of naphtha (gasoline) 
for this purpose is introduced here from a circular issued by the Boston Manufacturers’ Mutual Fire Insurance 
Company, with some statements regarding the use of mineral oils for use on wool as the latest information on the 


subject: 
WOOL OILS. 


The quality and kind of oil used for preparing wool is a matter of the utmost importance to the underwriter, as if is spontaneous 
combustion that has caused the record of losses on woolen-mills to be heavier than that on cotton-mills; but in touching upon the subject 
of wool oils we approach a very ‘‘touchy” subject. Many of the methods of treating wool are jealously guarded as trade secrets; the 
composition of several of the mixtures used on wool has been communicated to us confidentially, and only in order that we may be assured 
of their safety. 

In respect to testimony, we could summon witnesses to prove conclusively that each oil or mixture now used is the very best for its 
purpose; and conversely that not one of them is really suitable, some difficulty being found either in respect to safety, to the effect on 
the fiber, or in the removal of every oil used. 

All, or nearly all, appear to require a hot solution for their removal, by which the elasticity or luster of the fibers cannot fail to be 
injured in some degree. 

It would appear, according to the evidence and also according to the practice of many of the best manufacturers, that mineral or 
paraffine oils may be safely and economically used upon wool, either pure or mixed; on other equally competent evidence, that they are 
utterly unfit to be used and cannot be scoured out, and that nothing but olive, Jard, or red oil can be tolerated. The ‘red oil”, so called, 
is in fact oleic acid, and is subject to impurity if the sulphuric acid used in the process of candle-making (of which ‘‘red oil” is a subsidiary 
product) is not sufficiently removed. When thus impure, we understand it to be peculiarly liable to spontaneous combustion. 

The mixed oils, sold under fancy names, of necessity consist of combinations of some of the oils above named, to which the natural 
yolk or grease of sheep’s wool is sometimes added, the latter substance being imported from abroad under the name of ‘‘de gras”, mostly 
for the use of curriers. 

From the standpoint of the underwriter, the use of mineral oil, mixed to the extent of at least 40 per cent. with animal or olive oil, 
is to be desired; because in such proportion it abates all danger of spontaneous combustion, and does not in that proportion seriously 
increase the danger if fire occurs from other causes. 

If consideration be given to the work done by the oil, the chief reason why olive, lard, or red oil is preferred, aside from the question 
of economy, may be that they are a little more viscous than the mineral oils. Thismay be a point worthy of investigation. If the slight 
viscosity of fatty oil is desirable, it may be obtained in a mineral oil as well. The substance to be desired is, therefore, one that is not 
liable to spontaneous combustion; that is not readily ignited by contact with fire; that is readily saponified or reduced to an emulsion, 
and readily removed from the fiber without the use of any high degree of heat; and that does hold the fibers together in the process of 
manufacture. 

Since none of the oils, greases, or compounds now in use fully meet all these conditions, and since the adverse testimony against them 
all is stronger than that in favor of any one kind, it follows that both the common practice in scouring all washed or unwashed wool, 
and the common practice in preparing the wool for carding and spinning, are in some degree bad; that they are not consistent with true 
economy; that they enhance the difficulties in manufacturing and dyeing, and that if there has been any improvement indicated as being 
possible by experiments made in a laboratory, from which it is fair to infer that great gain would follow if the theory of the laboratory 
can be reduced to practice, such experiments deserve the closest attention of all parties in interest. 

We therefore beg leave to submit, as the result of our investigation of wool oil, certain propositions. These propositions are submitted 
only for what they may prove to be worth, and with some hesitation, because none of the officers of the company have ever had any 
practical experience in the treatment of wool. P 

Proposition 1. The wool now used in this country will yield 45,000,000 pounds of grease that is now worse than wasted, because it, 
together with all the alkalies used in the present imperfect method of extracting it, is discharged into ponds and streams, polluting them 
in a manner most dangerous to health. 

2. All this grease can be extracted more perfectly by the use of naphtha than it can be by the use of alkalies, becanse this grease or 
yolk does not saponify or yield readily to alkaline treatment until it is in some degree oxidized by age; for which reason the best foreign 
woolen fabrics are made from wool a year or more old. Ou the other hand, the newer the clip the more readily the grease is removed by 
naphtha. 

3. The grease and fertilizing material that may be all saved by the naphtha process will more than pay the cost of scouring. 

4. This process does not require any heat in the application of the naphtha, and only tepid water for scouring, with a little ammonia 
in it, it being possible to cleanse a single fleece, by careful manipulation, without disturbing the position of the various portions, thus 
leaving every fiber in a perfect condition. 

5. A portion of the oil thus extracted from the wool itself, after being in some degree refined and mixed with a small portion of 
mineral oil, makes a viscous emulsion, absolutely free from tendency to spontaneous combustion and in very slight degree inflammable, 
meeting all the conditions that are required for preparing the wool for carding and spinning. 

6. The fiber wool thus cleansed is in much better condition for spinning than when it has been heated and scoured with alkali. 
Wool and cloth thus treated are in much better condition for the reception of dyes than is possible under any other treatment. 

7. This process may be conducted safely in buildings constructed outside mill-yards, at a fair distance away, but not beyond the 
distance to which the small amount of heat needed may be carried from the main boilers in underground steam-pipes. 


In witness of these allegations, we present the report of Mrs. Richards, which was first printed in the Bulletin of the National Association 
of Wool Manufacturers, vol. ix, No. 2. 


VOL. 1x 17 
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MRS. RICHARDS’ REPORT. 


During the progress of the investigation of oil instituted by the Boston Manufacturers’ Mutual Fire Insurance Company, for the 
purpose of abating the danger of fire from spontaneous combustion and other causes, it became expedient to study the natural oil or 
grease of sheep’s wool, which is now saved toa considerable extent in Europe and imported into this country under the name of ‘‘ de 
gras”, for the use of curriers and for other purposes. 

The results of our study of this substance, although not immediately bearing upon the purpose of the inquiry, yet may have an 
interest to the members of the company, especially those engaged in the manufacture of wool, and are therefore submitted. 

The preparation of the raw material is a question of the first importance in any manufacture, and anything which promises to 
improve the quality of the product, to lessen the labor and cost of, preparation, or to lead to the utilization of a hitherto waste product, 
deserves at least a careful hearing. One of these possibilities seems to be foreshadowed in the wool manufacture. 

As is well known, wool, as it is cut from the unwashed sheep, yields from 40 to 75 per cent. of extraneous matter. All this is waste: 
product, and is washed away down our streams to their great damage. Of this large waste, from 12 to 40 per cent., according to the kind 
of wool, is a grease or oil with valuable properties, and the remainder is largely made up of nitrogenous matters, potash, and phosphates. 
in a very suitable condition to be returned to the soil from whence they were Sraarty derived. Of course some wools contain sand and 
mineral dust to the amount of 10 or 20 per cent. 

The total amount of washed and unwashed wool used in this country has been estimated at 250,000,000 pounds per year. This will 
yield approximately 112,000,000 or 115,000,000 pounds of scoured wool, or 45 per cent.: 45,000,000 pounds of grease (18 per cent.) ; 
30,000,000 pounds of fertilizer (12 per cent). 

The recovery of a portion of the valuable material has been attempted in France in two ways: 

First, by the treatment of the wash-water for the recovery of the grease’in a form for gas manufacture, or for the recovery of the 
potash by the incineration of the evaporated residue, which yields also a very finely divided charcoal, used instead of lampblack. 
Prussiate of potash has also been manufactured from tbese residues. By this method, which isan inconvenient one, requiring large tanks. 
and numerous operations, only a portion—about one-third—of the total greasy matter is saved, and none of the nitrogenous matter. 

The second method used was the extraction of the grease by means of bisulphide of carbon. The dried wool was then sent to the 
picking and beating machines before washing, and the wool dust thus obtained was sold for fertilizing purposes. The danger in this. 
process is twofold: the yellowing of the wool by the bisulphide of carbon, and the heat necessary to volatilize the last traces of the: 
solvent (150°-170° F.). 

This method, theoretically good, has never been practicable in this country by reason of the cost of bisulphide of carbon. But we have 
a solvent for grease, in many respects superior to this, which has never yet been applied in this country on a large scale for this purpose, 
and we have no evidence that, before the present year, any accurate experiments have been made with the best form of this solvent. We: 
have been told of several patent processes for the use of ‘‘ benzine” for the extraction of the grease; but from the statements as to the 
results, as well as from a knowledge of the articles sold under the name of ‘‘ benzine” a few yeurs since, we have no hesitation in saying. 
that the material used was not of proper quality for the purpose or was not carefully applied. 

A certain amount of moisture seems necessary to the suppleness of the wool, and any degree of dry heat which takes away this. 
needful moisture renders the wool brittle and harsh. This drying of the fiber is probably the cause of injury in the processes hitherto: 


used. 
Our experiments have been made with a quality of naphtha called ‘‘ gasoline”, of about 86°. We have packed the wool in a closed. 


vessel and allowed the naphtha to remain in contact with it for about twenty minutes without any application of heat. The liquid was. 
then drawn off and fresh naphtha run in, the process being repeated three or four times, according to the amount of grease in the wool. 
“Gasoline” of this quality boils at 90° to 100° F., and air of 50° or 60° F. completely removes it. The naphtha has no affinity for water, 
and does not, in this cold liquid form, carry away any moisture; very little will be taken out by air at 60° F. before the naphtha is all 
gone. 

In the large way a current of warm air would now be passed through tocarry off the absorbed liquid; in our experiments we simply 
exposed the drained wool to the outdoor air for a few hours. The wool is picked and beaten (the dust being saved), then put into warm 
water and washed without the aid of any other substance than the soap of potash, which is left on the fiber, untouched, by the naphtha. 

The wool thus obtained is very white and soft, and has a ‘‘orinkly ” appearance. 

The objections which have been made to a process of this kind, whether bexwine, fusel-oil, or bisulphide of carbon is used, are: 

1. That the grease is too completely removed, part being needed to work the fiber. 

2. That the grease is also removed from the inner tube of the fiber. 

3. That the potash is left in a caustic condition, and hence certain to injure the wool. 


In regard to the first objection, Grothe, (a) the great German authority, says that the office of the natural grease is so distinct from that: 
of the oil added to facilitate manufacture that this cannot be held valid. The natural grease envelops the fiber as it comes from the 
hair sack in the skin, making a somewhat stiff coating over it, and only after the removal of this is the wool in the best condition for 
completely good carding, and also for fulling. ; 

The second objection, that the grease is removed from the tube of the fiber, seems to be founded on earlier ideas. Grothe does not 
mention this as an objection, and, in the description of the hair, (0) says: ‘‘In the axis of the hair-shaft is found the pith. This pith is. 
not evident in all wools. In some sorts, viz, Vicuna, it is much developed. The pith-cells contain either liquid or air.” 

Kolliker (c) says that the pith is wanting in colored head-hairs and in most wools: ‘‘On treating white hair with caustic soda we 
get the pith-cells, which do not contain, as was formerly supposed, fat or pigment, but air-bubbles.” 

It has been stated that washed foal after a time becomes greasy, and it has been supposed that the additional grease came from 
the pith of the fiber. It is suggested that, as soap can never be entirely washed out of any material, this grease may be derived from the. 
soap used in washing, which is partially decomposed by the cold rinsing-water. 

. The third objection, that the naphtha or other solvent takes the grease away from the potash on the wool, and thus allows the latter 
to attack the fiber, seems also derived from a former idea of the nature of the substances under consideration—an idea which is not correct, 
but which atill prevails. The following quotation from an address made in 1872 to a wool manufacturers’ association seems to give the 
prevalent opinion: ‘‘In its natural state, as taken from the sheep’s back, the whole fleece is filled with a yellowish matter, called by 
novices grease, but known among dealers as yolk. It is not grease, but a partial soap, being largely composed of alkali, and becoming, if 
suffered to lie until the volatile oil has dried out, almost a pure soap of itself; hence, as all manufacturers know, old wool scours by 
ordinary processesgnuch easier than new wool just shorn.” 


eee 
oo 


a Grothe, Wolle, i,70. Berlin, 1876. b Ibid., i, 18. ec Kdélliker, Gewebelehre. 
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Hartmann, in 1868, showed that this ‘“‘yolk” is a true grease, containing cholesterine in place of glycerine. (a) 

Schultze, (b) of Zurich, in 1873 and 1874, carried on the research on certain kinds of wool, and it is to his investigation and that of 
his associates that we owe nearly all of our present knowledge of the composition of the ‘‘ Wollfett ”, or grease. He has not only proved 
the presence of cholesterine, but of isocholesterine and another analogous alcohol. We now know that these substances are in the place of 
glycerine ; hence the far more difficult saponification of this grease than of lard and tallow, which are compounds of glycerine with the 
fatty acids. Also, the indications are that the wool-fat in the different races of sheep is composed of varying quantities of these 
cholesterines. 

The presence of cholesterine in wool-fat is a very curious fact. Hitherto cholesterine proper has been known chiefly as a product of 
excretion from the brain, eliminated by the liver; hence its presence in bile. Gautier(c) says: ‘‘ Cholesterine is to the brain what urea 
is to the blood and other organs.” 

Why we should find this same substance on the wool of sheep is an unexplained mystery. 

The grease is dissolved out by naphtha in the same condition as it is in the wool; a potash soap remains behind untouched. 

The proof that the potash is not left caustic is that the concentrated wash-water shows but a very faint alkaline reaction. Only on 
subjecting it to a high temperature does the reaction become strongly alkaline, showing that a decomposition has taken place. 

It may be supposed that because carbonate of potash is made from wool-washings, therefore it exists as such in the wool. It is also 
obtained from wood ashes, but in neither case does it exist as carbonate before incineration. 

The advantages claimed for the naphtha process are the more perfect cleansing of the wool, the better condition of the fiber for 
taking dyes, etc., the ready recovery of the waste products, hence a prevention of further pollution of streams from wool-washing 
establishments. 

The disadvantage allowed is the inflammable character of the naphtha, rendering a separate building necessary. This is not an 
insurmountable obstacle, as the use of the substance for several industries has been perfectly successful. 

The ultimate cost of the process will depend largely upon the value of the recovered products. This subject has as yet only been 
touched upon, but we have ascertained that the recovered oil is “equal to the best” for currying leather. It is not liable to spontaneous 
combustion. 

The accompanying table will show the great variation in the wools already tested, the small amount of potash to be obtained, and 
the necessity of a large number of tests: 
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* Very little calcium ; trace of magnesium. 


Naphtha dissolved the grease of all but Nos. 9 and 10 with the greatest facility. These two samples seemed to be older wool, and to 
have free cholesterine, which was more difficult of solution. 

All the samples of wool noticed in the table, except No. 10, were kindly furnished by Mr. George William Bond, to whom we are 
under great obligation for his interest and co-operation. 

No. 10 was furnished by the agent of the Washington mills. 

The table will show the small amount of potash which can be obtained, reckoned as percentage on the raw wool. We were surprised 
at this result, as we had been led to suppose, from various statements, that there was a larger per cent. 

The small quantity of ash left by incinerating the grease shows also that it is not a soap of either lime or potash; a portion of this 
ash was carbon, which is very difficult to burn entirely when derived from cholesterine. It must be remembered also that this was crude 
grease, which doubtless mechanically carried down some of the other substances. 

ELLEN H. 8S. RICHARDS. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
Boston, May 5, 1879. 
We may also cite, in confirmation of these laboratory experiments, the commercial success of the Adamson process of extracting oil by 
means of naphtha from bone, dead meat, and even in paying quantities from the meat scraps previously treated in the most powerful 
» 
presses. 


en 
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This process is also now being applied commercially to linseed and cottonseed, and, in witness of the great affinity of naphtha for 
oily matter, it may be stated that Mrs. Richards has lately treated some of the hardest and driest, cottonseed-cake from the most powerful 
steam-press now in use for the extraction of the oil; and we find that, after the utmost quantity of oil had been removed by the press, 
there still remained a quantity equal to 1577/,ths per cent. of the weight of the cake, 

While the direct result of our investigation of wool oil has therefore only given us the data by which to cause one or two mixtures 
to be avoided that apparently contained volatile mineral oil, we may yet hope that the final result may be a substantial improvement in 
the method of scouring wool and woolen fabrics and the saving of a waste substance of great value not only to the woolen manufacturer, 
but also to the leather-dresser, for whose use large quantitiesof ‘‘de gras” are now imported of a much less pure quality than can be 


obtained by the naphtha process. 
Since naphtha itself is almost a waste product in this country, and is somewhat difficult to obtain in large quantities abroad, owing 
to the cost and danger attending its transportation, its application to the treatment of wool can be made in this country at much less 


cost than elsewhere. 
The cost of the apparatus would be small, and the waste of material very little, as it can be saved by condensation with very little 


loss in each treatment. 

I am told that the oils that are especially prepared and sold under the name of “ wool oils” at the present time 
are supposed to be in general mixtures of not more than 50 per cent. of mineral oil with either lard, olive, or red 
oil; and even these mixtures that do not contain more than 50 per cent. of mineral oil are limited in their use to 
coarse work, it being understood that for fine work the smaller the percentage of mineral oil used the better. 

Benzine is equally as useful as benzole for dissolving grease, but it will not dissolve aniline. It is not only 
used to dissolve grease from cloths, but from animal matter and waste products of any sort from which a refuse fat 
can beremoved. Naphthaof aspecific gravity of 62° to 70° B. is used inthe manufacture of varnishes, lacquers, and 
floor-cloths. Rectified anhydrous petroleum spirit (naphtha) of a specific gravity of 0.725 is used to dissolve 
anhydrous caoutchouc, by which the India-rubber is vulcanized on the addition of chloride of sulphur. (a) Naphtha 
has also been used in air thermometers and for cleaning guns. 

Paraffine oil (kerosene) has been recommended to protect seeds from mice, and is said to proinone rather than 
injure vegetation. It has also been successfully used to protect pease from birds, slugs, and caterpillars. Large 
seeds are soaked in the oil, but it is recommended to sow the ground liberally with sawdust soaked in the oil 
when smaller seeds are planted. Paraffine oil (lubricating) has been used for saturating gypsum figures and for 
oiling clocks. Solid paraffine is largely used for stuffing leather, for glazing frescoes and paper, for preserving 
flowers and wood, and for protecting labels and stoppers of bottles from corrosive liquids. 
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CHAPTER VII.—THE INFLUENCE OF PETROLEUM UPON CIVILIZATION. 


In anintroductory discourse, delivered before the Literary and Philosophical Society of New York, May 4, 1814, 
De Witt Clinton remarks: 


There is a bituminous spring in Allegany county whence the famous Seneca oil is obtained. z is * At Amiano, in Italy, 
the petroleum of a spring discovered within a few years is also employed to light their cities. * * * It might be of considerable 


consequence to discover whether the petroleum of our spring might not be used for like beneficial purposes. 

It is, however, only during the last twenty years, and through the production of petroleum in the United States, 
that this substance has exerted a marked influence on civilization; for while petroleum has been produced and 
used in Burmah, Japan, the Caucasus, Galicia, and Italy for many centuries, it cannot be claimed that its use was 
more than local, or that such use exerted any extended influence upon the world. Indeed, for the most part it was 
confined to such rude mechanisms that, as an illuminating agent in those regions, it was much inferior to the 
materials employed twenty years ago among highly civilized peoples. The earthen lamps of Burmah, the pastils of 
dried camels’ dung used in Persia, and the rude lamps of Galicia were all of them little better than faggots or pitch 
knots. It is the advent of refined petroleum at comparatively low prices that has practically lengthened the 
duration of human life and has added vastly to the social enjoyment of mankind, not only among highly civilized 
peoples, but among the semi-civilized and barbarous nations; in fact, wherever the white wings of commerce can 
transport it there it has gone, and, more, its light has penetrated even the solitudes of the eastern deserts and the 
forests of both hemispheres. 

Speaking of the rise and progress of the trade in petroleum, Mr. E. W. Binney remarks that it is “‘ the most 
remarkable rise and progress in a trade in modern times. In 1861 the exports from the United States were 1,194,682 
gallons; in 1869 it was 99,148,947 gallons”. (a) 

In considering this influence it may be regarded either as of the past or of the future. Dr. Draper, of New York, 
writing of the influence of petroleum in America, said, in 1864: 

The effect that this illuminating agent has produced throughout the country is very striking. It has entirely displaced all other 
means of lighting except gas, and is used even in cities by many who desire an absolutely steady light. The great desideratum is a perfect 
chimneyless burner. The petroleum requires a large amount of air for complete combustion of its carbon, and by no other means than 


a tube 6 or 8 inches long has the supply been rendered sufficient. Although by the substituting of mica for glass the difficulty of 
breakage has to a certain extent been overcomes, there is still great room forimprovement. Kerosene has, in one sense, increased the length of 
life among the agricultural population, Those who, on account of the dearness or inefficiency of whale oil, were accustomed to go to bed 
soon after sunset and spend almost half their time in sleep, now occupy a portion of the night in reading and other amusements; and 


this is more particularly true of the winter season. (b) 

Notwithstanding the desirability of a chimneyless burner which was thus early felt and clearly stated, that 
wart is yet to be supplied, as all attempts to supply such a burner have thus far been only partially successful. 
In eastern countries, where the compensation of labor is so small, the cost of chimneys, enhanced by long 
transportation and breakage, is said to seriously interfere with the extended use of kerosene among the poorer 
classes. Yet the use of refined petroleum in the East has steadily increased, until petroleum is no longer produced 
in Japan, and the production has little energy in Burmah. 

In 1869 M. Félix Foucou published an article in the Revue des Deux Mondes that is especially interesting in this 
connection. He says: 


In the domain of the useful arts each age reveals characteristic tendencies. In the last century mankind had need to clothe itself 
cheaply. It was this that made the fortune of Arkwright and the machine spinners, the sudden prosperity of Manchester and the 
continental cities which imported the new method of labor. The nineteenth century has wished for light, both in the birch-bark 
wigwam of the Indian and in the mud cabin of the poor Ruthenian of Galicia. The introduction of the most modest lamp gives activity 
to family life in prolonging the evening’s labors. Trance has largely contributed to this result. The invention of Argand, which was 
the first progressive step in advance of the smoky candle-wick of ancient times, arose painfully at the eve of the French revolution; the 
Carcel lamp and gas are of yesterday. A crowd of obscure inventors have, with unremitting labor, perfected the mechanism of lamps in 
order to escape the costly necessity of burning vegetable oils. These experiments, many of which were undertaken under the monarchy, 
prepared the way for the success of petroleum; unfortunately they came at a moment when it was premature to dream that illumination 
by mineral oil should become universal. The material was at first wanting; chemistry had not furnished a method of extracting those 
precious substances from the schists with which they were found associated at many points; and science had not yet shown the part that 
liquid petroleum was destined to play, of which a great many springs were then known. It is to the Americans that the merit belongs of 
having given this last right of citizenship among the industries. The native talent that led them to regard the useful aspect of 
everything, above all the feverish but patient activity, seconded so well by a happy-temperament, has served them marvelously on this 
oceasion. The French chemist Selligue gave them the first experiments in the basin of Autun, about the year 1832, by distilling on an 
industrial scale the schists that abound in that part of France. Mr. James Young, of Glasgow, perfected the process, and established in 
1847, in Derbyshire, a vast manufactory for treating the English minerals, incomparably richer than those of France, and known under 
the names of bog-head and cannel coal. Ina few years this establishment took on an extraordinary development, and yielded its 
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projectors several hundred thousand frances of revenue. The prospect of such profits so soon realized placed this manufacture in a 
reputable position. It extended to the United States in 1854, where it was employed upon the Scotch bog-head as well as several other 
indigenous schists. In 1860 there were in North America 64 manufactories of schist oil. The discovery of abundant reservoirs of 
petroleum suddenly arrested this growing industry, ruined a large number of manufactories, and led their projectors to change them into 
refineries of petroleum, that substance being much richer in illuminating material than bog-head or cannel coal. (a) 

This graphic statement of the manner in which the requirements of the age have been met, and how fully they 
have been met, is well supplemented and illustrated by chart No. III, page 148, in connection with the statistical 
statement on page 149 et seq. The statement shows that in twenty-two years preceding December 31, 1880, there 
had been produced 156,890,331 barrels of petroleum, of which amount about 16,000,000 barrels were stored above 
ground, leaving, im round numbers, 140,000,000 from the Pennsylvania oil regions alone for consumption during 
twenty-two years, an average of 6,363,636 barrels per year. But the production increased from 500,000 barrels in 
1860 to 26,032,421 barrels in 1880. The stocks held in the producing regions did not accumulate in excess of the 
demand until 1875, when they amounted to 4,250,000 barrels; but the demands of the next two years reduced those 
stocks, and the price advanced to above $2 50 per barrel. Since February, 1878, stocks in the producing region 
have constantly accumulated, with a constantly increasing demand, and a tendency, as might be expected, to lower 
prices. The accumulated stocks, January 1, 1882, had reached nearly 30,000,000 barrels. 

The total value of the yearly production, as shown by this statement, has been subject to great fluctuations. 
For instance, the 4,215,000 barrels produced in 1869 were worth $23,730,450, while the 10,809,852 barrels produced 
in 1874 were worth only $12,647,526. The most valuable production of any year was that of 1877, when 13,135,771 
barrels brought $31,788,565, while the 26,032,421 barrels of 1880 brought only $24,600,637. From these figures it is 
readily perceived that up to the present time the demands of this century for light have been more than satisfied, 
and that while new uses and applications for petroleum and its products are being constantly discovered the 
increasing demand has been more than met by an increasing production. 

Looking toward the past, it may be said that petroleum has become the light of the world. It is fast displacing 
vegetable and animal oils as a lubricator on all classes of bearings, from railroad axles to mule spindles. Itis also 
displacing animal and vegetable oils where such oils are liable to spontaneous combustion; it is becoming one of 
the most largely used materials for fuel in stoves, both for cooking and for heating purposes; it is very successfully 
used for steam purposes where other fuel is scarce and petroleum is plenty; it is found to be available in the metallurgy 
of iron, and is likely to be in demand for the production of pure iron for special purposes; its merits have been 
long recognized in medicine, and it is rapidly becoming a necessity to the apothecary in the form of petroleum 
ointment; in fact, petroleum has become one of the indispensable needs of civilized man, and ministers to his 
wants in such a multitude of forms and under such a multitude of circumstances that it may be safely said that it 
ameliorates the conditions of his struggle with external nature, adds comfort to health, and soothes in sickness, 
prolonging his active life by extending the day into the domain of night over all that portion of the earth’s surface 
accessible to commerce. 

Looking toward the future, what assurance have we that these varied wants, the wonderful creation of 
twenty-four years, will be satisfied? In answering this inquiry I wish to emphasize the futility of prophecy and 
the abundance of the present supply. All through the census year, when each successive month brought an 
addition to the production without precedent, the entire literature representing the oil interest was each. month 
prophesying that the end was being reached, the Bradford field was outlined, the production next month would 
surely show a decline, the yield of wells was rapidly running down, and so on. As an illustration I quote from 
Mr. J. C. Welch’s Views of Future Production for June, 1879: 

Reality has been constantly ontrunning estimates on the Bradford production. The subject of the amount of production has been 
somewhat abandoned recently, in the light of the supply being so greatly in excess of any immediate demand, or of any probable demand 
in a reasonable time in the future. The May production from the wells will be exceeded, no doubt, by the production of some of the 
summer months. I think a shut-down movement, on account of depleted bank accounts, lack of credit, and a cash system inaugurated 
by the well-supply dealers of the Bradford district, will be a very important check on the starting of new wells, and the Bradford 
production probably is about at its height. 

He estimated the total daily production for this,month at 58,700 barrels. In his Views of Future Production for 
January, 1880, he says: 

While the present situation regarding production is bad, great hopes are that in six months the production will necessarily show a 
very important falling off. 

He estimated the total daily production for this month at more than 65,000 barrels. In his report for June, 
1880, he says: 

The next point is for the production to show an appreciable falling off. This point has not arrived yet, although producers, on 
account of the falling off of wells throughout the district, expect it will do so pretty soon. 

Total daily production for this month, 80,804 barrels. January, 1881, he says: 


Public opinion is very greatly in accord with the following extract from a letter of a producer tome: “In some districts the 
United lines are cleaning out the tanks. _ Do you get your statements on stocks at wells from the same parties as the Era and Derrick get 
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theirs? I sometimes think they back up oil purposely on those who furnish reports. I have interviewed a large numberof producers from 
all sections of the field, and allmake the same statement, namely, our production is falling off. I caunot understand, in view of the facts, 
how there can be an increase in the production, and, in plain words, don’t believe it.” 


Total daily production for this month, 70,427 barrels. In June, 1881, he says: 


The sanguine hopes for an important decrease in the production have been postponed for some months atleast. Bradford is expected 
to decline rapidly at some time, and it was confidently hoped the time was near at hand; but the figures on the May production have 
been disappointing, and any marked decrease in the production is still a matter of the future. 


Total daily production for this month, 81,455 barrels. January, 1882, he says: 


For the time being the increase at Allegheny equals the loss at Bradford, but this relation is likely to change soon, and not only 
Bradford will decline, but Allegheny will accelerate the decline by declining itself. 


Total daily average production for— 
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The following paragraphs were written by an intelligent oil producer of large experience, and express the 
opinion of conservative operators at the date of their publication, August, 1881: 


In the twenty-one years that oil mining has been the chief industry of northwestern Pennsylvania there have been discovered, 
besides numerous minor deposits, three great basins of petroleum, known among oil men as the Venango, the Butler, and the Bradford 
districts. The first centers on Oil creek, Venango county; the second on Beaver creek, Butler county; and the third covers an area of 
about 60,000 acres in the northeastern corner of McKean county, and extends a short distance into the state of New York. The first two 
named are so far exhausted that a majority of the wells have been abandoned, while those that are still pumped have fallen off until 
they average less than two barrels each per day. The Bradford district in extent of area and volume of oil exceeds the other two 
combined. It was discovered in 1875, but it was not until two years later, when its rich character became apparent, that it began to 
attract the oil men from all other fields. Since then it has been the scene of greatest activity, the magnitude of operations exceeding 
anything ever known in the business. : 

In the autumn of 1830, after four years’ continuous drilling within and around the Bradford district, the boundaries of this great 
reservoir were accurately defined; more than 9,000 wells had then been drilled there and were producing oil. These lines being fixed, the 
producers began to retrace their steps, and to select within these limits such locations as seemed desirable among their old wells and to 
drill what is technically called the ‘‘second crop” of wells. This was the first manifest proof of the limitation of ‘the Bradford district 
and of its approaching final exhaustion. 

The percentage of successful ventures in Bradford surpassed all former experience. Of the whole number of wells drilled in 
exploring and defining this district about 5 per cent. only were dry or failed to produce oil in paying quantity. In Venango and Butler 
the average of failure was much larger, and if we except the years when these districts were in their prime, and take those intervening 
periods in oil mining when the producer had to depend upon the discovery of such minor de posits as lay outside of the great basins, and 
yet within the oil region proper, it will be found that half of the wells then drilled were failures. 

* * * * * * *¥ * 

The distinctive features which have marked the.development of the Bradford district, and which have given to the Bradford 
producer advantages over all his predecessors, are: first, the insignificant risk to be taken in drilling; second, the durability of the wells; 
and third, the expense saved of pumping the wells, which have until recently yielded their oil by Howing. To these natural advantages 
may be added cheaper machinery and cheaper labor. He has also gained facility by enlarged experience and by his improvements in well 
machinery. His greatest advantages have no doubt been in the long life of his wells and in the fact that they have been flowing wells; 
but these conditions have changed. Half of the wells in the Bradford district are now pumped, and the average product per well has 
fallen to six barrels per day. It is estimated that before the close of the year nearly every well in Bradford must be pumped. They are 
now passing rapidly from flowing to pumping wells. 

The longevity:of these wells is accounted for by the thickness of the sand-rock, the natural receptacle of deposit for. the oil, which 
is never found in the Pennsylvania oil region except in this rock. The Bradford rock averages from 50 to 60 feet in thickness, while the 
Venango and Butler sand-rocks are from 20 to 40 feet. The volume of oil found in any deposit is determined by the extent and porousness 
of the sand-rock. In one of the minor districts, viz, Triumph, Warren county, the sand-rock was found to be 120 feet thick, and the 
wells there lasted the longest of any that have been struck; but the area of this deposit was limited to about 1 mile square. 

* * * * * * * * 

We have seen that the extent of the Bradford basin was ascertained last autumn. Its margin had been previously defined at many 
points, but it was not until then that the limits of the whole district became known. We can now see that the greater magnitude of this 
oil-field will not save it from the fate of the fields that preceded it. The same evidences which marked their decline have already appeared 
here, and we need not doubt that the same results will follow. The 9,000 wells of last autumn have now increased to over 10,000, and a 
total of 55,000,000 barrels of petroleum has been drawn from them. It is therefore not to be wondered at that the great reservoir begins 
to show symptoms of exhaustion. True, these symptoms have only passed the premonitory stage, yet they are as real and significant to 
the oil-producer as his figures of production. They are to him the “handwriting on the wall”, for he knows well how insidiously the 
same symptoms developed in other districts, and with what accelerating speed the decline went on month by month, as his tables of 
production showed, 

Ordinarily these monthly tables of production are a sufficient guide in forming a judgment of the field; but the condition of the 
Bradford business for many months has been such as to preclude the possibility of accuracy in them. The product of the district rose so 
rapidly last year above the receiving capacity of the pipe-lines that much of the oil flowed over on the ground and was lost. This waste 
continned in varying degrees through the greater part of 1880 and into the second quarter of this year. The extreme cold of last winter, 
and the aptness to congeal of the Bradford oil (which differs widely in this respect from Venango oil, and in a less degree from Butler 
oil), complicated the working of the pipe-lines, while diminishing their capabilities; so that the waste of oil was estimated to rise 
sometimes as high as 5,000, 10,000, and even 15,000 barrels per day. This led the producer to suppress the flow of his wells as much as 
possible, and to increase the wooden tankage which he uses for temporary storage at his wells until the oil can be conveyed into the large 
iron tanks of the pipe-lines. These iron tanks have a cz acity of from 20,000 to 30,000 barrels each, the usual size of a wooden tank being 
250 barrels—1,200 being the largest. 
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In making up the monthly tables of production it has been found that the greatest accuracy is attained by computing the “runs” of 
oil into the pipe-lines during the month and omitting the oil held at the wells. When the business is moving normally these well stocks 
remain nearly stationary and average about a hundred barrels per well, and this average does not seem to be much affeeted by the 
fluctuations of the market. A measurement taken in the Butler district in 1876 to ascertain this average gave 100 barrels per well, and 
this at a time when there were five pipe-lines competing for the oil, and when the price was $4 per barrel. When we consider that the 
average product of the wells is now 6 sarrels each per day, that 200 barrels is usually the minimum taken by the pipe-line in one “fran”, 
and that there are 10,400 wells in the Bradford district, it will be seen that the time required for oil to gather to make up these ‘‘runs ” 
necessarily leaves stock at the wells at all times, and that there must be a point below which this stock cannot sink util the number of 
wells decreases, when it will gradually decline with the decline of the district, until both are exhausted. : 

* # % * * * * 


The total marketable stocks of the region at the end of June, 1881, may be estimated as follows: 
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In a less degree perhaps than any other industrial product is the supply of crude petroleum governed by the price. There have been 
periods in the business when prices have ruled high, and yet production has declined because of the oil-man’s inability to find new 
productive fields to work. On the other hand, produetion has not infrequently continued to rise long after the price has declined below 
cost. A powerful incentive to overproduction is found in the mobile quality of petroleum and its tendency to shift its location in the sand- 
rock, its passage from place to place through the channels of this natural receptacle having been the cause of many an energetic struggle 
along the dividing lines of adjoining tracts for the possession of the treasure beneath. These subterraneous currents set toward the first 
drill-hole on any given tract of land, and are not readily diverted toward subsequent openings; so that the chances for a larger share of the 
oil and for a more lasting well favor the first well drilled. The exceptions to the rule are rare, and arise from conditions that will readily 
suggest themselves, such asa natural center of deposit, or, still more rarely, a crevice in the oil-rock. As an oil district is always divided 
among numerous ownerships, the stimulus to excessive drilling pervades the whole field, and when the deposit happens to be large is sure 
to lead to excessive production. 

Another cause of overproduction is found in the tenure, the tracts being mostly held by lease, the land-owner receiving a rent or 
royalty in oil varying from an eighth to a half of the total product; a bonus in money is often added when the chances of success seem 
favorable. The lease always stipulates the number of wells to be drilled and limits the time of drijling them, and also contains clauses of 
forfeiture to enforce execution of the work. The producer is thus compelled to drill wells at times when the market price of oil does not 
warrant the outlay rather than forfeit a lease on which he may have already made valuable investments, or which he believes will 
subsequently prove valuable. 

Still another agent, acting in the same direction, is the discovery at a time when the supply is already sufficient to fill the market 
demand of a new oil-field, richer than any then being worked. The yield of the larger wells in the new district makes the cost of 
production less than in the old districts, the price declines, let us say, until the producer in the older district receives for his product 
barely enough to pay the cost of lifting it to the surface, though the producer in the new district still has a profit in his products; both 
continue their work and production is further enlarged. The first man is impelled to pump his well to save his property from destruction; 
the second is prompted by the profit he makes. The first man cannot shut his wells down and wait for an advance in price until the new 
district is depleted, for, besides the inconvenience which such stoppage entails in any business, he would risk the ruin of his wells by the 
clogging with paraftine of the oil-ducts in the sand-rock, or by the diversion of the oil into other channels by the suction of ether wells. 
The first would be more apt to occur in a waning district and the second in a fresh district, but either is likely enough to happen to 
admonish him against a shut-down. 

Since the discovery of Bradford two other districts of minor importance have been opened. One is known as the Wellsville district, 
and lies north of Bradford, in ANegany and Cattaraugus counties, New York; the other is the Warren district, lying south of Bradford, 
in Warren and Forest counties, Pennsylvania. The first has been worked for about three years, and yields the heavy oils only, the gravity 
varying greatly in different wells, being from 36° to 43° B. ; the second is two years old, and yieids a light-colored oil of 47° to 48° gravity, 
About two-thirds of the wells drilled in the first district and one-third of those drilled in the second have been failures. The total daily 
product inthe Wellsville district was, at the close of July, 1881, 350 barrels. Neither gives evidence of large capabilities for increasing 
production, though of the two the Warren is undoubtedly the more promising. Neither can by any known possibility contain what may 
be termed ‘‘a great basin”, for the drilling already done is sufficient to establish the character of both fields. These districts are not even 
pointers to such a deposit, and if they possess any significance in that direction it is rather against than in favor of such a discovery, so 
that no marks or guide-posts yet exist to point the way to new fields. 

In Wellsville a good quality of oil-bearing rock, varying in thickness from 25 to 35 feet, is found in the productive weils, but that it 
is of a sporadic character is proved by the large percentage of unproductive wells; and this idea is further confirmed by the remarkable 
variation in the color of the oil obtained, which ranges from the ordinary green to black. Salt water is produced with the oil in all the 
wells in the Wellsville district, which is another distinguishing feature of heavy-oil districts, the light oils being always found in the 
sand-rock entirely free from water. Also, the rock here lies at a higher level than the Bradford rock, and therefore belongs to the upper 
strata, iu which the heavy oils are found. 

The Warren oil-rock is from 12 to 25 feet thick, and there are two strata about 100 feet apart; but no well has yet found oil in paying 
quantity in both rocks, where one overlies the other, as occurs in some parts of the district. The drilling here has been so extended as to 
leaye no space sufficient for a new basin of large capacity; and as north of Wellsville the geological formation changes, the metamorphic 
rock cropping out in the immediate neighborhood, the oil district cannot extend far in that direction, and at all other points it has been 
thoroughly tested by the drill. 

Stimulated by the large prosperity attending the development at Bradford, test drilling advanced in every direction to the extreme 
limits of what is geologically regarded as the oil region. For a period of nearly three years, ending with 1880, more of this work was done 
than during the previous seventeen years since oil mining began; but the want of success in finding new oil-fields, and the enhanced cost 
and diminished price of petroleum, have all contributed to discourage and arrest this pioneer work. 
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The impression that there are no more great basins like those of Venango, Butler, and Bradford remaining to be discovered is 
gradually growing into a conviction that Bradford is indeed the last, and that hereafter this region will have to depend entirely upon 
minor deposits and districts for its supply. This belief is supported both by the practical experience of oil-men and by the observation of 
geologists. We are satisfied that no one can make a careful survey of the oil region without being impressed by the great amount of test 
drilling that has been done. This work has been quietly prosecuted in the depths of the forest and other unfrequented places, and is little 
noticed and little talked about unless oil is found. It is only the successful adventurer who receives public attention ; the unsuccessful 
man is seldom heard of, but the abandoned well, with its dilapidated “rig”, everywhere attests his energy. 

From the foregoing statement the following deductions may be drawn: 

ist. That the Bradford field, from its uniformity and extent, constitutes the true oil center of the whole region, and that it is already 
declining ; that, as all statistics show, the decline of the old wells averages about 150,000 barrels per month; that this decline has 
hitherto only been overcome by large and continuous drilling; that the field has now re Shak a condition where the production cannot be 

maintained by the incoming new wells; that the number of euunines in the field has so drawn upon the common reservoir that further 
drilling is simply subdivision of what is left and will only tend to hasten exhaustion, and that therefore the decline must proceed month 
by month with increasing rapidity. 

2d. That the production to supply hereafter the large demands upon this region (which will amount this year to 19,000,000 or 
20,000,000 barrels) must come from minor deposits. 

3d. That to supply this production from these minor deposits will be attended with greater uncertainty and a greater degree of 
cost than heretofore. 

4th. That under these circumstances the stock of crude oil in the region will be held more firmly, and that consequently the range of 
prices must be permanently higher than during the last three years. 

Artificial conditions and the influence of speculation may for a time interfere with, but cannot prevent this result; indeed, nething 
can prevent it save that of which there is now no sign—the discovery of a new, great basin. (a) 


In still further illustration, the following admirable survey of the available resources for ‘future production is 
quoted from the correspondence of the Oil and Drug News for February 28, 1882: 


How far off is the date when the production of petroleum will not be in excess of the demand is the great question of the hour to 
all parties concerned. Daily, monthly, and yearly reports are printed by many parties, a large proportion of which differ one from another. 
In giving the amount of oil taken from private, wooden, and iron tankage and run into the pipe-lines some reports give the year 1881 
credit for the production of the same, when it really was produced in 1879 or 1880. This, of course, would swell the production of 1881 on 
paper only. 

Opperman, a civil engineer and map-maker of this county, and who is good authority, gives the total producing territory in the 
Bradford field, including Cattaraugus county, New York, at 68,250 acres. February 1, 1882, there were 11,764 wells; and if we estimate 
5 acres to the well, 11,764 by 5 gives us 58,820 acres drilled, leaving a balance of 9,430 acres of the lightest territory yet to be drilled, of 
which from 2,000 to 3, 000 can, and probably will, be drilled at present prices, but the balance cannot be operated at less than $1 or $1 25 
per barrel. 

In November, 1880, there were about 7,000 wells in this field which had been shot with light torpedoes. At this date the large torpedo 
was found to be more productive, and since this time the greater part of the 7,000 wells have been cleaned out and reshot with the heavy 
torpedo with good results. (A medium size torpedo nowadays is 60 quarts, which costs, net cash, $290 40.) 

Production was further encouraged in 1881 by a great deal of crowding, which I explain as follows: 
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A wishes to drill one well per month, or wait for higher prices, while B leases his land in small lots. The outcome of this is, a number 
of wells are drilled along the border of B, which compels A to do the same or lose his oil. This is one of the principal reasons why 
producers bring their oil to the top of the ground instead of leaving it in the rock at present prices. 

The Forest and other large oil companies show by their statements that the cost of production in 1881 was from 30 to 40 cents per 
barrel more than in 1879 and 1880. This is owing to the pressure of gas and oil upon the rock exhausting, wells ceasing to flow, and 
pumping resorted to. 

The cost per barrel for production in 1879 and 1880 was from 65 to 75 cents, and if the companies are right in their figures the present 
cost must be considerably above the present market price. 

During the six months from July, 1880, to January 1, 1881, the total production of the country was estimated at 90,000 barrels per 
day, and during much of this time from 3,000 to 6,000 barrels per day was running on the ground in the Bradford field, owing to the 
inability of the pipe-lines to store and ship the same, and in part owing to the inability of the producers to build private iron and wooden 
tankage. 

During these six months the highest production of the Bradford field was reached, being about 75,000 barrels per day (15,000 being 
the average production of the other fields). This has gradually declined, until on January 1, 1882, it was about 61,000 barrels per day. 
This decline includes all drilling of new wells up to that date. 

There were more wild cat (or, in other words, prospective) wells put down in 1881 than in all previous years of the oil business, which 
developed nothing new except the Richburg or Allegany field, in Allegany county, New York. This goes to show that a large territory 
has been condemned which was counted on as a possible oil-field. 

The Allegany field consists of from 7,000 to 8,000 acres, of which about 4,500 is good for 10-barrel wells and upward. The balance 
from 2- 10 10-barrel wells. 

On February 1 there were over 600 wells producing from 4,500 acres, and allowing 5 acres to each well, this 4,500 acres will be drilled 
by April 1, at the present rate of drilling, which is 175 wells per month. 

It is estimated that one well to 10 acres is sufficient to drain the land, but where one well is put down to every 5 acres the territory 
exhausts more rapidly, on the principle of a glass of lemonade paticnaticg itself sooner when five straws are applied instead of one, 

If the Allegheny field is to become a second Bradford, as some seem to say, why is it that the producers have drilled wells so thickly 
on the 4,500 acres, which is the cream of the territory, and how do they account for the 125 or 130 dry wells immediately surrounding the 
field? Bradford, in its early development, has scarcely a dry hole in its producing area. In the early days of Bradford torpedoes from 








a Stowell’s Petroleum Reporter, August 23, 1881. 
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2 to 6 quarts were used, while to-day Allegheny wells are treated to from 40 to 120 quarts, thereby forcing the production to an unnatural 
large amount for a short time, but the land is being drained correspondingly rapidly. 
The following shows the condition of the oil production, ete. : 









































Barrels. 
Total oil in all pipe-lines, January 1, 1881 (@)..-.-...---- ------ 22-22 cence cee ee eee cee ene cent eens 16, 606, 343 
Total oil at wells im Bradsord weld, January, Lost (ilies cee ace vee acct ce a alate te erate rere enter aM ete 2, 403, 500 
Total oilin private iron tankage, Bradford field, January 1, 1881 (c)..---.----.-------+---.------------- 692, 750 
19, 702, 593 
Total oil in all pipe-lines, January ly VS82 (a )ee icc tce bem oe icle = b= 2 8) ve lees eet 1s atl eee tee elem glen aioe e = 25, 333, 413 
Total oil at wells in Bradford and Allegheny fields, Jannary- 1, 1882(c)-....---..--3-. 2222-0 e 1, 135, 848 
Total oil at private iron tanks, Bradford and Allegheny fields, January 1, 1582 (c) ..-.-.-...---.----.--- 104, 256 
26,573, 517 
Deduct'amount for January, 1) USSU eee ato ec a we ac apc sain) oie ree re oe wm a eel ate ote ee ele 19, 702, 593 
Total net increase of stock in oil regions on January 1, 1882 ... - 2. 26. weet wes me ee cone so - owns casm 6, 870, 924 

This amount divided by 365 days gives: 

Total net average daily increase in stocks in 1881] ....-..----.------ ---2-- 2 ~~~ on ene eee ene one - ones 18, 824 
Total net average daily shipments from oil regions in 1881 (@)....--....---..------------+----- Sessa weue 55, 774 
Add the daily average increase and shipments for net production..--....-2-..----- ---------- eee ee eee 74, 598 
Add the daily average evaporation and shrinkage (q@).-.-..-----------+ oo. PAE seer tdi qdas Sa 2, 150 
Giving the daily average gross production .... ....-.-----+ sees cee e sewn e eee eens e wens eee enn ees 76, 748 
The daily averace shipments of 1860 (a) were! 255 Sacc ese ene iee i ieee a eee iva ae 42,916 
The daily average shipmenbs OL esl (Wa sa. om ccs ca sae cle cle mle alee erate ee tee onto este ee 55, 774 
Shows: inereasein.188 overi880 ito-be per day -.2u) sen sine = apn torent = aera steele rere ena © eee 12, 858 














Our export trade has increased nearly every year since 1852. I copy the following from the American Exporter for December, 1881: 


























Gallons. 
Total exports of petroleum and petroleum products for October, 168). < 72s. 0-8 oe oe sea eee cee 54, 244, 846 
Total OXPOLLS LOB SANTO CO CUOMO LSC sai oe cig olm.5 miele mnie epee eee ee a 34, 065, 254 
Increase for October, 1881, over October, 1880.....-.....--. goss HOPI ae - Cee eee. ee ee ee 20, 179, 592 
Total for 10 monthisvondine October SL. TORU nn aoe ao re alee ea ae ae ee 422, 713, 216 
Total for] 0 1monthsending/ October 31. 1800 - ook cc oo Aermisig ene neces peat 6 ole race aie eae eee 295, 520, 798 
Increase foreign demand 4nrten months. 0225 25 Se ae re sree ce eee ee eee at ee eee ee 127, 192, 418° 








The Oil and Drug News of January 31, 1882, says: 
The total exports of petroleum and petroleum products from the port of New York, in gallons, from January 1 to January 28, 1882, 
as compared with those of the same period in 1881, are: 
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1882, ) 1881. 
bm radepallonsivis. 20. 2.5 Fcc SoM. Dae eee ete ee 2,913,442 | 2, 641, 430 
| <Rpinsdegablonsh.:- 4.5. .¢0. Jon. cued teat ae oA 16, 556, 230 10, 035, 481 
| Waph taseallonpacuites si caw x oc cones Goes eae eee 153, 131 | 541, 297 
| 
| EN Ot alee eae Gk cet cece ee nc te ee eee Eee 19, 622, 803 13, 218, 208 
| Total increase in foreign demand forthe first 28 days of this year, gallons.) 6,404,595 | 





Now let us take into consideration the increase in home consumption. 

For illuminating purposes it is universally used throughout the country, except where gas exists, and with the wonderful increase in 
railroads to the far west and south, including all the mining regions, and the increase of population, an unusual increase is sure to follow. 

The exact amount of home consumption has never been actually given; it has only been estimated. 

In 1880 it was placed at 13,000 barrels per day; in 1881 there were 55,774 barrels (a) per day shipped from the oil country, and 40,800 
barrels (b) per day exported from the United States. The difference between the exports and the shipments from the oil country would 
show the home consumption to have been 15,000 barrels per day, but there was estimated to have been a large amount of the stocks used, 
which was stored at the refinery centers and sea-boards, estimated at about 3,000 barrels per day; add this to the 15,000 shows the 
estimated home consumption for 1881 to have been 18,000 barrels per day, which is an increase over 1880 of 5,000 barrels per day. Owing 
to the rapid development of the far south and west, and the general prosperity of the country, the home consumption may safely be 
estimated at 22,000 barrels per day for 1882. 

Eight persons out of ten say that Allegheny is at its height, and I have shown where it is probable that the cream of her territory 
will be drilled by April 1 next, from which time her production will decline. Then consider the number of dry wells which have been 
drilled in all parts of the country, which shows that the prospects for developing a new oil-field are not very promising. 

With Allegheny so near drilled out, the Bradford field declining at from 75,000 to 100,000 barrels per month, and other territory not 
increasing, is it not natural to predict that the quantities of production and demand must soon come together, at which time prices will 
naturally advance rapidly? Taking into consideration the reshooting of wells in Bradford field in 1881, the finding of the Allegheny 
field, the extra amount of crowding lines, etc., after all this the total net increase of stocks in oil regions, January 1, 1882, over January 
1, 1881, is only 6,870,923 barrels, while the increase in shipments were 12,858 barrels. Add to this the decrease of stocks at refinery 
centers, 3,000 barrels, gives 15,858 barrels increase demand per day, or 5,757,510 barrels for the year. 











a Official. b Bradford Eva. c Producers’ report. 
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The consumptive demand of the world for 1881 was about 21,535,902 barrels, or 59,000 barrels per day, and the demand for 1882 is 
estimated at, at least, 15 per cent. more (15 per cent. is the average increase the past ten years), which will amount to 24,766,187 barrels 
for the year, or 67,852 barrels daily average, exclusive of evaporation and shrinkage. The 25,333,413 barrels in pipe-lines seem to lead 
some people astray. 

The above figures show that the entire amount, if drained from the lines, would be only one year’s demand, and all know that we 
could only spare, say, 10,000,000 barrels, as about 15,000,000 is required to carry on the business in the same way as a bank requires capital. 
Should a few million barrels be taken from the present stock, this, together with the increased consumption, would revolutionize prices. 

These illustrations received increased significance when it is understood that within twelve months of the 
time the first paper was written and immediately following the date of the last the Warren district yielded some 
of the largest wells on record, and the price of oil tumbled to a still lower figure, instead of being permanently higher. 

While it is not probable that the deposits of petroleum within the crust of the earth are being practically 
increased at: the present time, there is reason to believe that the supply is ample for an indefinite period. When 
prophecy, indulged even by the most sagacious producers of longest experience, proves so futile, I think I am 
warranted in expressing the opinion that, as regards the future supply of petroleum, the drill alone gives valid 
testimony. Yet this fact is worthy of the most serious consideration: the »roduction of petroleum as at present 
conducted is wasteful in the extreme. No thoughtful person can escape the conviction that future generations will 
want what this present generation is destroying to no purpose. ‘ After us the deluge,” is written all over the oil 
region in the destruction of forests and in the waste of the oil itself. 


STATISTICS OF THE EXPORTS OF PETROLEUM DURING THE CENSUS YEAR. 


The following tables have been prepared for the purpose of showing the relative magnitude of the export 
trade in petroleum during the census year, the relative amount exported from different ports of the United States 
during that year, the points to which it was sent, and the relative amount of such export trade in the different 
manufactured products of petroleum during different years. These tables consist of: 

Table 1.—Shipments of crude and refined oil out of the producing region to the following points during the 
census year, by months. ; 

Table I1.—Receipts of crude and refined petroleum, etc., at New York, weekly, by routes, during the census year. 

Table III.—Exports of petroleum and petroleum products from New York to foreign ports for 1878, 1879, 1880, 
and the census year; also from Philadelphia for the same time. 

Table [1V.—The charters reported for crude and refined petroleum, naphtha, and residuum, from New York, 
Philadelphia, Boston, Baltimore, Richmond, and Portland, to the different ports of the world, exclusive of North 
America, during the census year. 

Table V.—Petroleum and its products exported from the United States during the years ending June 30, 1879 
and 1880. 

Table VI.—Exports of petroleum and petroleum products from all United States ports to all foreign countries, 
and the declared value thereof, from 1873 te 1880, inclusive, and the census year, by months. 

Table VII.—Quantity of petroleum produced, and the quantity and value of petroleum products exported from 
the United States during each fiscal year from 1864 to 1880, inclusive. 

Table VIII.—New York petroleum market, average prices per year. 

Table [X.—Imports of refined petroleum at five principal ports of the United Kingdom, with stocks at the same 
ports, January 1, 1874, to 1881, inclusive. 

Table X.—Imports of petroleum at the undermentioned European ports for seven years ended December 31, 
from 1874 to 1880, inclusive. 

Table XI.—The various products of crude oil, including petroleum, crude oil, refuse oil, and grease, and all 
products of naphtha exported from Baku, from 1832 to 1879, in poods of 36 pounds each. 

Table XI1.—Imports of American petroleum (refined) into Japan, from the time of the first importation, in 1872, 
to the end of 1880. 

An inspection of these tables shows a steady increase in the quantity of petroleum and petroleum products 
exported to the end of 1879; 1880 showed a slight decrease. The months constituting the census year—from June 
1, 1879, to May 31, 1880—exhibit an unparalleled activity in almost every item where the statistics were to be 
‘found in such form that the months of the census year could be separated from the totals for 1879 and 1880. 

Table I shows that the shipments of refined oil from the producing region to New York declined during 1880 
more than 1,100,000 barrels, or about 68 per cent. This decline took place mainly after the close of the census year, 
as the shipments for that year amounted to nearly 85 per cent. of those for 1879. Shipments to both Philadelphia 
and Baltimore of refined oil were merely nominal both during the census year and during 1880, while there were 
no shipments in 1879 to either of these points. u 

The shipments of refined oil fo Boston and local points were not materially changed in the aggregate for the 
two years, but the amount shipped during the census year exceeded that moved during either 1879 or 1880. 

The shipments of crude oil out of the producing region to New York, Philadelphia, Cleveland, the Ohio river, 
and local points show a marked increase in 1880 over 1879, while the shipments to Baltimore, Boston, and 
Pittsburgh show a considerable decline during the same time; yet to all of the points mentioned above, excepting 
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the local points, the shipments during the census year were larger than during either of the years of which it forms 
apart. The total shipments of crude oil out of the producing regions in 1879 to the points above mentioned was 
15,987,370 barrels; in 1880, 15,675,492 barrels; and during the census year, 17,769,656 barrels, an amount 11 per 
cent. greater than the average for the two years. 

Table II shows in the totals the same steady increase in the movement of crude oil to New York, and an 
equally steady decline in the movement of refined oil to the same point. During 1877, 103,662,216 gallons of refined 
oil entered New York, and by 1880 the receipts had fallen to 42,847,577 gallons, although the amount received 
during the census year was nearly equal to that received during 1879. During 1877 the receipts of crude oil at 
New York were 179,214,244 gallons, an amount which was increased to 256,878,660 gallons during 1880, and to 
285,839,983 gallons during the census year. These figures indicate a diversion of the product of the refineries located 
in the interior cities from the export trade and an increase in the proportional supply of that trade by New York city. 
Table I also shows a similar increase in the consumption of crude oil for Philadelphia and Cleveland, while Boston, 
Baltimore, and Pittsburgh exhibit a large decline in receipts of crude oil during 1880. It seems, therefore, fair to 
assume that the manufacture of oils for export has steadily increased in New York, Philadelphia, and Cleveland, 
and has declined in Baltimore, Boston, and Pittsburgh, notwithstanding the movement of refined oil toward New 
York has steadily declined, and has been merely nominal toward Philadelphia and Baltimore, while the amount 
received at Boston has remained practically unchanged. 

Table III shows the relative amount of petroleum and petroleum products exported from New York and 
Philadelphia to different countries during 1878, 1879, 1880, and the census year. The special activity of the export 
trade during the census year is illustrated by this table, not only in the totals, but also in the items. 

Table IV exhibits the destination of the petroleum and petroleum products sent from the country during 
the census year, the manner in which it was packed, and the kind of material sent to different ports and countries 
As this table was compiled from the charters reported, some of which were vessels that arrived or were filled after 
the census year closed, the amounts do not correspond with those given in other tables, which were compiled from 
the clearances. This discrepancy does not vitiate the statistics of the table for the purpose given above. 

The chartérs for crude oil were for— 


Barrels. 
FLAN CO see hoes ciet shee Sins ee ein alom Sepia eetde = aiaiee olielats = piers = iste el oleae ee ete tele ere 395, 560 
Bel pir ye eaters let ate ete 2 ate elatie sia lee wate etetetey win Nein owe ae eet oreo ie oe tee eee ee 85, 500 
Sjomililne sead Be Rese tae kde eines Site ecie s ai Enis Rie Rien eine Shes ele ota ae ee 61, 400 191, 600 cases. 
Bremen’ se eo ee eh Sethe Solan le hoe ee ore,npe hein Sate aiease se eae eiata cated cette React eee 30, 800 
Continental porteree sae nee.~ ee = ies 2 oe slate ies ta ee Sialele ase a eee ee eee aie erie 18, 500 
Mediterranean ports.... ..-..-...--..- SEBO SEE SiGe PISS SOGe, amo as seer asc" 7,509 
Tre haunt eee ae ce ee toe oa a ols ow wis Lue ne sinc = Demeaee earls Aaa sitedeene Son neta sea 5, 000 
Total ...ncme guaeare aes beech on es cn eh cc bicae pe asele me echeent Sees cm cer tea 604, 269 191, 600 cases. 
The charters for refined petroleum were— 
For Europe, including the Mediterranean islands: 
Barrels .-< . cco nems ater eene cin ees sicie dann aim alee ten’ s piemiere able aet a eee ere Rie ta ee i ene ene 5, 213, 081 
Cases s .-2.ocelbne cece camp eeu ec e's miatatn ove dare jam emg etapa nen ate cat ete Sei eee ele eae 1, 366, 150 
Miscellaneous Mediterranean ports, the Levant, Asia Minor, and Syria: 
Barrels. sane SoS SEs CANE eI te TORO LOI IO SEI ck Ie Oo Pope ES Oe Gan ob ee Maseeee 50, 800 
Cases, i.e sce cchwehive man ROU Se ne ebb ane sid endc\eeele Sods eccw fle eee 7e ag eenime aie eaten en nee 
Africa and Mauritius: . 
Barrels 2m 2. spe te ee ere eesien aiececes wakba ce sels ask icmleeties ee steno ne pe hrncel ator: ames eee ela ee 2, 000 
Cases: ooo. se mceeeameibes eins sere amebe cone aalee ein ntelescleie ied aise noe dyie ae epee) ee et ere ene LRT ee 380, 000 
Asia, Australia, and the East Indies: 
CABS 2. nSse e ce Se Se cee en ees «le cw qa sinae coein sieve peccec umes go seme aetna ee eee ne ere eee 6, 003, 800 
South America: 
Cases race sidse ceseccdisde cor one bit meme alien deere te cep shine ls 2 aime bi ere eta ve iaterel re era eo 17, 000 
The charters for naphtha were for— 
England: 
Barrels gf55)cc0c3.3.5U ewe Ao eele so tie tas eee tcie © ee ecto cre be Eo ere en Ea ciate ete eee 106, 050 
France: 
Barrels ee aaj occ scin Heed sim bene steve segn aoe take bin ciel ol ae el oe ee eee an ee an DE cor eee fe tee 87, 650 
Cassese aoe asin de specie S bc wie fo clea che tun pope re a ee tec geo aI te ra Fern ee ee Te ee 4, 900 
Belgium : 
Barrels is os). 5:55 feope cpa e's is cw Bic ete te ST el I eta ace ae ee a ee SEY 23, 200 
Caseso. sce fo aa RE oe San tetelg ao Biante ee eee es eee BSS ae ei aet ie athe serene oak te vines seek 10, 000 
Sweden: 
BAYTOIS bo 5 sc aignsidne cwnm due ghee ih eitna ay & vga ke eeCe ae ait te kee ae ree ae eae site ee 13, 900 
Continental ports: 
Batreld sels con s-c3:cS ces seca ss ce ae eles toa Camila ance cate ee ee Ree ee aE ee ee ES ee 10, 300 
The charters for residuum were for— 
Barrels. 
England «a. ke fees ese die eee s ae se Sa a Ee SRE ee etre On eee ce 89, 900 
France « nis seed Sestak cede se yo Ba I a Se ee eI eer ag nar ee 2, 000 
Antwerp: 29s) 2gbhels ct seem bie crocloem oe Ucleel alec acct ae Sete ote Nereis ete Ane a res ene Rae een 300 
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The following-named geographical sections took charters in the census year as given below: 
REFINED. NAPHTHA. CRUDE. RESIDUUM. 
Barrels. Cases || Barrels. Cases. | Barrels | Cases. Barrels. Cases. 
— Be | | 
NBT paw, ae cst atc acl BUEN LTS Al i acaba ote 108; 050:[¢ 7 pet aee / B 600 eae) 80;906 PAG Lee. 
EIWGOM ANG NOL WAY aoc. c ux sc coceccecteldccece WT; COON teameotencke sete i 9, 900 ewe atate as Sea aecn Meese. oes Eo oile sated: oa a Le eee ee & 
a OE eta Sadie aA See ae UCL eek PACER RTE ce ea Pare a i |e POs See Mae 8 Td 
Miscellaneous Baltic ports . ..... wamiaiae earns SOL VGH0 Mewes ee kee. se Nee cinininia Ms oinieiae | © oiaie'mielaina.e anil leicin's biaielein «ina nicl iciaisto nes me's amaftca «50 cea eae ee tie mee keene 
Russia: 
0 lp le 15, B0' fee Oh Pace Peete ee SA eet TW BA Oe 5, CMI Ue Warietoey RL Aro 
aS EPS ed aR Pee 8 Oe ZEDOO UE AICY, eka ae Sell Pooh oy! pay ae A 7 ve) 
ie Saar ef STROUO- es cee eats. ies eee BE a ae Se Rae Bete, Ci 
RN MEPUMN ei Cas 2h G onc alcecbeave sc aseciees 1504 20G TI 7 coe setalaaft Seis sie atimereqew te Beemer FATS oe D0. S00 areca aes selon kes tarde. besten aoe acres 
A pl ae aS aa a 552, 800 1,000 | 23, 200 10, 000 85, poe. Pie ches 2 $00 (0-2 eee 
Continental Europe...................005---. TOG; O0OURes2am meses ele. | LOP B00 Peewee cess oe LS OOOdt Matas aces tal adewe cae desea ee eae n Ss ote he 
| a TR SEeLE Any UE ER A Ay Prego 7, 000 87, 650 | 4,900 | SOBIDGOMINer cee ee O00 Nore eee 
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Commencing at the head of the list, it will be observed that 4,799,706 barrels of refined oil were chartered for 


Great Britain and the continent of Europe north of France. 
exception of only 1,000 cases, probably of a special brand, which went to Antwerp. 


This amount was all chartered in barrels, with the 
In addition to this vast quantity, 


amounting to nearly 68.5 per cent. of the total charters of refined oil, there were chartered for the same region 
153,450 barrels and 10,000 cases of naphtha, 139,800 barrels of crude oil, and 90,200 barrels of residuum, of which 
latter material all but 300 barrels were for Liverpool and London, England. 
There were chartered for France only 7,000 cases of refined oil, which was for the port of Marseilles, and 
probably consisted of some special brand. The charters for France, however, included 87,650 barrels and 4,900 
cases of naphtha, 395,560 barrels of crude and 2,000 barrels of residuum. France has for many years laid an import 
duty on refined oils ena admitted crude oil fee thus fostering the manufacture of refined oils on her own soil. 
This fact accounts for the heavy charters of crude oil for French ports. 


The charters for Spanish ports embraced both refined and crude oil in barrels and cases. 


for Spain 61,400 barrels and 191,600 cases of crude oil. 


of Spain include a larger proportion of case oil than the outside. 
With the exception of 7,509 barrels of crude oil chartered for miscellaneous Mediterranean 


Portugal is in barrels. 


There were chartered 


It will be observed that the charters for the inside ports 


Nearly two-thirds of the oil chartered for 


ports, probably Spanish and French, no crude oil, naphtha, or residuum was chartered east of France or south of 
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the straits of Gibraltar. All of the refined oil chartered for Austria through Trieste was iu barrels, besides which 
135,500 barrels were chartered for Italy and various Mediterranean and Adriatic ports in barrels. The remainder of 
the ‘ill chartered for ports between France and Port Said was all case oil, and amounted to 2,098,200 cases. All of 
the oil chartered for ports south and east of the Mediterranean sea, with the exception of J 000 barrels for Las 
Palmas, Canary islands, was case oil. The trade with eastern Asia, ncludine India, the islands, China, and Japan, 
in case oil is enormous, the charters amounting to 5,933,800 cases for the census year. 

Table V shows the relative amounts of the different products of petroleum sent from the different ports, 
and also gives the amounts and values of lubricating oils exported. In 1879 New York exported of lubricating 
oils less than one per cent. of the amount of illuminating oils exported, while Boston sent out of lubricating oils 
nearly 10 per cent. of the amount of illuminating oils exported. The quantity of lubricating oils exported in 1880 
was nearly double that of 1879. The total exports of 1880 were more than 45,000,000 gallons in excess of those of 
1879, yet their total value was more than $4,000,000 less for the last-named year. 

Table VI shows the quantity and value of petroleum and petroleum products exported from the United 
States from 1873 to 1880, inclusive. This table shows generally a steady increase in the quantity of the different 
products exported from year to year, but the value of these different quantities varied greatly. Jor instance, in 
1876, 25,343,271 gallons of crude oil were exported, worth $3,343,763, and in 1880, while the quantity was increased 
to 35,481,168 gallons, the value was decreased to $2,679,193. In 1877, 309,778,832 gallons of refined oil were 
exported, worth $51,901,106, while the following year, although the amount was lessened only 882,525 gallons, the 
value was reduced $12,806,655, and in 1879, while the quantity reached 367,321,255 gallons, the value fell to 
$32,696,713, and in 1880 was still less. The exports of petroleum and its products were valued in 1877 at 
$57,497,164, a larger amount than has been realized from the same source in any one year prior to January 1, 1881. 

Table VII shows the production and quantity and value of exports for seventeen years ending June 30, 1880; 
that is, for the last seventeen fiscal years prior to and including the census year.(a) The fluctuations in relative 
quantity and value are exhibited in this table. 

As an illustration, in round numbers, the 425,000,000 gallons exported in 1880 brought $500,000 less than the 
150,000,000 gallons exported in 1871, and about 65 per cent. of the amount obtained for 309,000,000 gallons in 1877. 
The anor of the fiscal year 1877 were valued at $61,789,438. 

The remaining tables need no explanation. 


THE CONSUMPTION OF PETROLEUM AND PETROLEUM PRODUCTS IN THE UNITED STATES. 


The amount of petroleum and petroleum products consumed in the United States in any given time is a 
residual quantity consisting of elements very difficult to estimate with absolute accuracy. An approximate estimate, 
however, has been repeatedly made by subtracting the exports, reduced to crude equivalent from the production, 
less the accumulated stocks. This method, never of much value, is becoming more unreliable each year as the 
increasing demand for mineral oil residues increases the production of reduced petroleum, and, consequently, the 
proportion of illuminating oil manufactured without cracking, and therefore not representing 75 per cent. of the 
crude oil. The production of oil out of the ground for the census year has been already estimated at 24,354,064 
barrels. Of this amount 315,000 barrels were estimated to have been wasted or burned, leaving 24,039,064 barrels 
as the available production, of which 5,350,863 barrels were added to the stocks already accumulated. Of the 
remaining 18,688,201 barrels, 17,417,455 barrels were manufactured in this country and 673,763 barrels were. 
exported, tke ing 596,983 barrels for ebdsnmption in this country. 

Of illuminating oils of all grades there were manufactured 11,002,249 barrels, of which 7,346,516 barrels were 
exported, leaving 3,655,733 barrels for home consumption, an average of about 10,000 barrels per day. 

Of lubricating oils there were manufactured of all kinds and grades 380,739 barrels, of which 103,257 barrels. 
were exported, leaving 277,482 barrels for home consumption. Oils consisting in part of crude petroleum are not. 
included in the above amount. 

Of naphthas of all grades, including gasoline, there were manufactured 1,508,049 barrels, of which 368,221 
barrels were exported, leaving 1,139,828 barrels, of which 57,843 barrels were used as fuel by the manufacturers of” 
petroleum, leaving 1,081,985 barrels for home consumption. 

It is impossible to assign any definite amount as representing the consumption of residuum ; 229,173 barrels: 
were sold by the manufacturers and 235,314 barrels were burned by them as fuel. Of the 229,173 barrels, 94,141 
were exported, leaving a remainder of 135,032 barrels, nearly the whole of which was used as raw material by the 
manufacturers of lubricating oils. The term “residuum”, as it has been used in this report, is probably not 
properly applied to the whole of the 94,141 barrels reported as exported ; but it is impossible to distinguish in the. 
statistics of exports between the different materials, denominated “tar”, “ pitch,” etc., included under the term 
“residuum.” 

I have not met with any notice of the export of paraffine wax, but it is not therefore safe to infer that the 
7,889,626 pounds manufactured were all consumed in the United States. One firm manufactured 900,000 pounds of 
candles. While the manufacture of candles represents the largest use for any one purpose, the great number of 
uses to which it is now applied in the arts represents an enormous consumption of this substance. 


a The census year closed May 31. Practically the last fiscal year is the census year. 
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The actual consumption of crude petroleum represented by these figures is, after all, only an approximation 
to a correct result. If the illuminating oils are assumed to represent 7 75 per cent. of the crude oil, the Consumption 
ef crude oil as illuminating oil was 4,874,310 barrels, or 13,354 barrels daily; but in reality the illuminating oil, all 
grades taken together, does not represent.75 per cent. of the crude oil, and I am inclined to think that 15,000 
barrels daily is not far from a correct estimate for the consumption of crude petroleum in the United States during 
the census year. 


TABLE I.—SHIPMENTS OF CRUDE AND REFINED OIL OUT OF THE PRODUCING REGION TO THE FOLLOWING POINTS 
DURING THE CENSUS YEAR. 


[Compiled from the reports of the New York Produce Exchange. } 



























































REFINED REDUCED TO CRUDE. CRUDE. 
Month and year. * ] ise | | rity a "| 
New | Phila- | Balti- Local || New | Phila- Balti- Cleve- Pitts- Ohio | Local ee 
York. delphia., more. Boston. points. | York. | delphia. | more. Boston. land. burgh. | river. | points. Fire. Total. 
| va ig | | 

1 { | | 

1879. Barrels. | Barr’ls.| Barr'ls. Barrels. Barrels. || Barrels. | Barrels. | Barrels. Barrels. Barrels. | Barrels. | Barrels., Barrels. | Barr'ls.|| Barrels. 
| 

Jp SSeS ae 210; ABS). da cicte atom clsacts 37, 830 24, 984 643, 817 29, 151 53, 957 10, 087 114, 810 207, 697 17, 720 er Supers ateicierse 1, 369, 314 
MUAVE Ss eueweu eo... SAO BRIG Dee Ree seat en ar 62,493 | 15,516 || 465,824 | 139,968 | 57,187 23,203 | 292,924 | 278,030) 20,336 29,243 ;........ \| 1, 625, 035 
RS ee To.) TTAB Ya 52nssloweseass 37,350 | 25,806 || 655,416 | 196,915 | 57,337) 10,178 | 314,477 | 284,563 | 15,214 | 33,576 |........ 1, 808, 239 
September........... Taeesb O48N Sc aetsmct mates os 26, 977 42, 468 6238, 832 | ‘169, 062 65, 459 16, 169 296, 116 207, 863 5, 403 BS, 025: eionn ata 1, 627, 120 
oubberess.2..5-.--2- (7 160/898 fo etes. eo ay 33,942 | 30,666 || 502,400 | 149,349 | 74,648 | 10,352 | 369,779 | 267,975 | 5,932 | 48,791 |........ | 1, 663, 169 
Novenjber........... TSS. Gu we, oc aa ee | 28,625 | 55,245 || 611,630 | 137,997 | 56,778 | 8,428] 298,634] 193,770 | 12,597| 36,555 |........ || 1, 553, 645 
Jyeth eer epa Se ER | MOT UE et Pn Oe | 55,085 | 40,267 || 667,533 | 221,743 | 77,310 | 11,433 | 242,415] 70,072 | 27,257 | 28,356 |........ | 1, 582, 585 

| Hl 

1880. | i | 

Wanuary..-dc: l2.-.- | 55, O71 90 geese | 33,911 | 49,098 || 810,131 | 171,330 | 78,017 11,541 | 228,145 | 152,330} 20,254) 40,491 |........ | 1, 650, 409 
February........... DME V al (ike Seca Oe pee | 18,050 | 54,100 || 758,157 | 179,145 | 96,146 | ........ | 156,041 | 53,418 | 9,850 | 42,862 |.2...... || 1,392, 151 
A BOWTEON ere eo |ecsee ee 23,989 | 18,269 || 984,808 | 220,517} 80,645| 9,489 | 151.775| 32,590] 7,400| 21, 240 | Wovteas || 1, 613, 462 
met eee sckSic3... 1982250). es - A on Deng 13,502} 21,079 || 385,727 | 97,147 | 12,816) 5,758 | 141,197| 65,619 | 62,194 | 15, 004 el aaa || 839, 268 
LAM omc crgs cea a oss. ais 2, 001 175 | 499 18, 940 23, 781 |) 513, 704 61, 503 31, 779 4, €42 102, 358 105, 657 3, 818 26,402 200,000 || 1, 095, 259 

| ed siirae F: ohana | | 
Total, census year}1, 370, 503 265 499 | 390, 694 | 401, 279 ||7, 622, 979 |1, 778, 827 | 742, 079 | 121, 280 2, 638, 671 1, 919, 584 | 207,975 | 380,021 200, 000 |17, 769, 656 
Total, 1879........ GLO HOO der eceecle fone ee | 379, 293 | 333, 446 | 6, 318, 532 1,607,998 677,273 120, 584 2, 502, 570 |1, 901, 649 | 183,131 | 350, 344 |. ....-./{15, 987, 870 
Total, 1880....... 509,769 | 2,248 | 7,322 | 378, 685 | 397, 369 |\6, 461, 465 1,741,286 604, 183 99, 819 |2, 585,216 | 958, 336 | 206, 577 | 935, 810 p= 490 15, 420, 525 












































PERCENTAGE OF DELIVERIES OF CRUDE AND REFINED OIL AT THE ABOVE NAMED POINTS. 











| | | | | 
Census year.......-.. 63. 35 | 0. 01 0. 03 18. 06 | 18.55 | 48. 85 11. 37 | 4.75 0. 78 | 16. 91 12. 30 ih BB H 2.43 | L228 Wiceeuc ens 
Lov) 3235 ee OO, SOIN cats wale oie Seeteoce | 16.31 “14. 34 | 46. 25 11. 77 4.96 0. 88 18. 32 13. 92 1.34 ; 2s OO ernia aarset: | areas alctare ae 
RGMU EE Pacisleicips/a'cpoeons 39. 35 0.17 | 0.57 | 29. 23 30. 68 | 45. 74 12. 33 | 4, 28 0.71 17.95 6.78 | 1, 46 | 6, 63 | 4,12 | ap cataisietnie 
: | | . 















TABLE IIL—RECEIPTS OF CRUDE AND REFINED PETROLEUM, ETC., AT NEW YORK, WEEKLY, BY ROUTES, DURING THE 
CENSUS YEAR. 


[Compiled from the reports of the New Yurk Produce Exchange. } 
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BY ERIE RAILWAY. 1) PY pte tale RAIL- || By PENNSYLVANIA RAILWAY: CANAL. | TOTAL. 

For week ending— | ‘ bee 
Crude. Refined. | Naphtha. Crude. Refined. Crude. Refined. |Naphtha.|| Crude. Crude. Refined. | Naphtha. 
1879. Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. | Gallons. Gallons. Gallons. Gallons. | Gallons. 
SUCRE Siere< «/2 sce =~ 1, 641, 465 SoGy 00S Peso eer sce 1, 805, 265 | 1,031,321 || 2, 619, 193 ANAL lero ate 567, 730 || 6,633,353 | 1,409, 634 |........-. 
POUOMA ce an sno. ss -- 1, 366,695 |- 982,488 |............ 1, 862, 235 GSSSH0T ed 2a 719 eee ee le ae seheen|l-cacemecece: || 6,456,644 | 1,681,989 |...... So. 5 
ane tee sls. 640, 080 CEL Tee eepneia es = 1, 780,065 | 1,273,512 || 2, 765,171 21 7FOShi|hoie cone 901,108 |} 6,086,424 | 1,673,566 )...-...... 
June 26............ 1, 730, 340 ROGSOOGR ances tee hen || 1,557,630 | 1,162,451 |) 2, 558, 377 G4 DOG soos aco: 250, 914 || 6,097,261 | 1, 983, 353 |....-.---. 
July 3.........-... 1, 513, 080 MOQN824 | Hae facar cna || 1,223,370 | 1,626,623 || 2, 453, 333 CS DE eee en | oaeeelsaeetse 5, 189, 783 | 2, 480, 519 |...-...... 
July 10...... rersee} 840,375 BISAR OR | et eee 982,215 | 1,268, 483 |! 1, 584, 893 78, OG0il os Sen coche Pes 3,407,483 | 2,165, 666 |.........- 
July 17...---.-.--- B1O natin) 188.630"). o 2.0.5... 5 1, 029, 420 | 2, 086,612 |} 2, 379, 670 OEP Lecaseen 48,005 || 4,073,865 | 3,795,767 |....-..--- 
July 24 .........-.. 539, 955 SSICRCO ya cicccsice ss 1, 407,960 | 2,170,037 || 2, 207, 696 S407 0018 | aac ncaa linen are ne ese 4,155,611 | 3,951,807 |.......--. 
July 31.-.......... Dros Oe0n pel 127,248 |. coc.3. 22... 1, 687, 860 | 1,646,316 || 2, 166, 219 BE6N 703 wee eee een ee aneee 5, 588,019 | 3, 659, 326 |........:. 
Amgust | To-sc-ven 1, 048, 095 APAWL TOA cen teas ke 1,712,025 | 2,139, 487 || 2, 278, 433 ay Aire CON eee Spal | Beam 5, 038, 558 | 3,561,378 |..-.....-. 
August 14........ 1, 126, 575 BOON GU | oisia = o/s = eee 2,379,240 | 2,579,830 || 2,080,899 | 1,617, 082 |.......--.||.....----+-- 5,586, 714 | 5,027,449 |........-. 
August 21 .......-.. 1, 570, 050 Dea eD ates esec= a [pete 915-2008) 01.498 2961 1617064 1.2571 56M. dscce. || a0 seeescceo 5, 003, 214 | 3, 638,317 |........-. 
August 28 ......... 1, 854, 720 ARTS hale coees cocic's 2,420,010 | 1,496,574 |} 2,161,847 | 1, 580, 884 |.....5....||.....--..--- 6, 445,577 | 3,799, 245 |.......--. 
September 4...... 2, 090, 880 1.30 Re 2, 343, 555 928, 823 || 1,744,387 | 1,210,391 |.......... Serco 6, 178, 822 | 2, 322, 364 |.......... 
September 11 ...... 1, 655, 460 MLO |eece aisle ose ols 2, 178, 405 684, 837 |} 1, 544, 964 TON sbOi| meaee eee cell saeea stews oe 5, 378, 829 $65, 9268 ifvae-eetens 
September 18 ...... 634, 545 BVO || coc nee: 2, 840, 085 | 1, 056,184 || 2, 002, 126 180, Bini. aeasee< ch eecncescoce-|| 5,476,756 | 2,209, 799 |.-...----- 
September 25...... 1, 134, 135 BIO 400! | sokas ee = ce. | 977,895 | 1,435,944 |] 2, 973, 266 449, 267), son cews cllseaesaceme's 5, 085, 206 | 2,364,711 |.........- 
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TaBLe II.—RECEIPTS OF CRUDE AND REFINED PETROLEUM—Continued. 























































































































BY ERIK RAILWAY. 13e raison perk SAE OAE 1 BY PENNSYLVANIA RAILWAY. CANAL. | TOTAL. 
For week ending— x / ae: \ Basie: 
Crude. Refined. | Naphtha. || . Crude. Refined. || Crude Refined. 'Naphtha.| Crude. | Crude. | Refined. pNaphihe, 
1879 Gallons. | Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. Gallons. } Gallons. — Gallons. Gallons. 
October 2.--.----- 991, 485 664,000 |.....-...-.-|] 2,601,360 | 1,404, 783 || 2,388,762 | . 450,100 |...ic. ec [lsecencaaees. | 6,981,607 | 2,418,883 |.2...0-... 
October 9....----. 635,185 | 826, 730 |........-... 1,088,325 |. 792,796 || 2,227,820 | 402,057 |.......0..|)e.e-sesceees 8, 851,330 | 2, 021, 588 |...-...... 
October 16 .......-. 455, 400 1812, 788 Www naciscscietete 280, 575 | 551, 733 1, 840,110 | 240; 858. heme sicseesisteele wane se «ll 2, 576, 085 2, 104,879 es see 
October 23 ......-.. 1,297,575 | 633,090 |.........-:. | 358, 830,) 689,802 |) 2,516,842 | 93,718 |... |e eeeeeees | 4,173,247 1, 416, 110 fees 
October 30.......-. 1,704,960 | 593,093 |..........-. | 1,019,225 | 1,296,465 || 2,916,481 | 11,996 |.-........]].-..--.200.. 5,640,666 1,831,496 |.......... 
. | | | 
November 6 ......| 1246, 680 | -o4ond aA Sou || 843,210 | 487,695 || 2,778,771 $4, O08 Te aie Pewee reneyas = | 4,868,661) 605,877 1.....-4-.. 
November 13 ...... 1,871,640 | 745,796 |i-.0-2.-0-<: | 781, 920 752,705 || 2,608,972|° 74,807 Jan---2.--c/}-cen-e-.---- | 5 262,532 | 1,527,808 |......-.-- 
November 20 .....- 2,614,500 | 587,453 |............ | 683, 910 656,138 || 1,910,763 | 667,024 |........-.||-...0-.e0ee- 5, 209,263 1, 910, 615 | ee 
November 27 ....-. 2,166,435 | 660,522 |....... .... | 719,685 | $96,195 || 1,781,120] 252, 581 |... +. -...||-.-see evens 4, 667,049 | 1,409,248 |.......... 
\\ i 
| | 
December 4......- 1,568,340, 629,988 |............| | . 726,980] 287,311 || 3,773,698 | 786,866 |.se.00-c0.l-cceas wees 6,068,963 | 1,654,165 |.........- 
December 1l......- 1,192,280 | 870,625 | ....--..-.- | 1,864,040 |- 492,187 |] 2,365,794 | 806,205 |...-......]]...-.2.se0ee 4,922,064°; 1,177,867 |...-...-.- 
December 18.....-- 1, 192,275 | SIO TLale sorte eet | 1,285, 475 | 250, 510 2, 007, 899 299/249 Nocen ele ier dela este biee 4, 435, 649 929, 472 [220 ceseecen 
December 25....... 2,349,360 | 1,044,105 |..........-. | 861,480] 623,643 || 2.154,420/ 32, 900 |..........||....--.-00.- 5, 365, 260 | 1,700,648 .........- 
December 31.....-. 2, 859, 795 ! 1, 744, 452 [sence sence. 887, 805 / 364, 062 2, 618, 748 SD) CLO be ee emilee staal iivlnle<iale,ors wie eae 6, 366,348 2,144, 187 | vane sats 
1880. | | | / | | 
SRNUALY nO cas < oe 2F405, 650.15 1100, COUN mera uateeeees 1, 039, 140 | 794,100 | 4, 051, 321 BOT SL: lewaiincteterl tase ase dema:s 3 7,586,116 | 2,095, 720 1 caceeeeas 
January 15 ......-. 3,411,810 | 963,200 |........:.-. | 1,158,120! 440, 950 |: 8 988 168 MEAOL, Tob sleee cere eta ee 7, 856,096 | 1,805,906 |.......... 
January 22 .....-.. | 2,806,205} 501, 250 |............ | 1,306,170} 340,100 || 1,886,682] 438,050 |..........|].------..0+- | 4,999,057 | 1,279,400 |..s..----- 
January 29 ........ | 2,708, 460 653, 300 / 66, 150 1, 369, 980 221, 800 i 2, 601, 312 ZOE L500) hacen Gate'ers bl wale mroteves Pee | 6, 679, 752 1, 129, 450 64, 150 
| 
| | | y) 
February 5....... 1, BC2, BOSCH, BER, TS001.- sok ees 1, 392, 668 156, 600 | 3, 683, 581 O50 200 Vey ae el waweeen acy 6, 639,054 | . 735,550 |...se<0--- 
February 12........ 2,336, 6£0 $Rb S00 Nee ky 1, 309, 005 173,500 | 3, 301, 056 80, 486 Ase eeu ese 6,946,841 | 444, 250° |....2...2- 
February 19 ...... 2, 263, 320 G1 00). sere ie.) 1,786,185 | 109,500 2, 451, 109 10,600 bok eles: <a Se. 6,500,714'| 180,300 |.....0seee 
Febrnary 26 ......- 1, 873, 170 J 100 Werte 1, 485, 495 136,900 2, 453, 912 AT, GOO Nisam othe eee 5, 812,577 | 180, 600 |....-+-.20 
} | | | 
MoarGlt $4222 5a. 1, 482, 840 , 30, 900 47, 150 1, 934, &20 96,250 3, 663, 640 | J; OOO = cco x eee mide dace 7, 081, 000 129, 650 , 47, 150 
Mirsh 11.020 48,500 | 2,983,930 89,350 | 1, 886, 625 112,750 3, 040, 501 OW PR etd! |Z Bae | 4,976,626 3,103,450 89, 350 
March 18 ........-. 3, 701, 520 | 2,800; 69,150 || 2,088,755} 108,600 || 3,442,571 | 27, 600 |..........]]---.s.-2---- 9, 232, 846 138,900 +59, 150 
March 25 ......-... 3, 074, 220 | 2,800 | 132,850 || 1,779,345 | 171,300 | 3, 201, 898 | O00 fi steicos Sime Ee 8,055,463 179,100 182, 850 
| | | | 
Apilad asa? | 2,834,100 | 1,302,500 | ...-....... | 2, 066, 445 428,100 | 3, 626, 020 | 2 BOQ on cess aie meee eee 8, 526,565 | 1,738,100 |.......... 
Rpril. Basta eee 1,124, 910 ects: Heat cee, 1, 310, 445 714,700 || 2, 122, 824 14. 000 inci oe oes eee 4,557,539 | 730,700 | ....2---- 
yh Perea 817, 875 | 2 G50 W kare tbe. | 595,020| 71,000 !| 411,573 |.....-.<. i, ones 1, 825, 468 73,080 |. coteuaeas 
April oto e esc I, 711, BAB [ics pinyeeee aa Nae Ca | 444, 815 44,000 | 1, 144, 611 BOD Piacoa tee lion tn oe tee | 3, 201, 271 46, 500 jereees 4 
April veel l 2,195,280 | 19, 450 |.....-...... | 716,500 32,000,208, 583 B00 fn i eee ee | 8, 120, 363,| + 66,450"). 2eeumeae 
Maw ii sos: kaart 1, 097, 640 38, 700 Weaprerian > 1,727,010 | 96,000 || 777, 995 | PED, we Bn ae eae || 3,602,645) 187,200 |.......22- 
May 1S\sor, cers ase 2, 803, 770) ies teaver cre 5 Et em | 1, 751, 670 140, 000 : 450, 614 | BT. A600 le eee osc eiisace wae aoe) || 5, 006, 054 157; 400i): 2) eee 
May 20.). ssbo0 8, 674,385 | 85,300 |............ | 1,733, 400 108, 000 617, 924 | O00 Vncan oe Nevlleece eee. | 6, 025, 709 149, 900 |........-- 
May 27). 2:-.-.cvc,| 4,367,885 16, OBO tapes anus __ 1,519, 200 78,100} 250,314 | CO bi me Pala eh | 6,137,349 | 101,650 |....2..-.. 
Total, census year.| 91, 675,935 | 29, 894, 360 394, 650 | 73, 965, 518 | 88, 459, 426 | 118, 332, 563 | 15, 732, 688 } 1, 767, 757 285, 740, 033 | 84, 041, 483 394, 650 
Total, 1880......... 1119, 842, 560 | 19, 271, 650 | 1, 061, 250 || 80, 825,203 | 18, 439, 950 || 56,210,897 | 5,185,977 |......--.-]eeeeeeee--- | 256, 878, 660 | 42, 847,577 | 1, 553, 850 
otal 87922 accehee | 77,580,610 28, 460, 996 256, 620 || 68, 061,215 | 43, 657,858 | 98, 434,951 | 15, 406, 718 2, 830, 045 | 246, 906, 821 | 87,525,572 | 650, 957 
Total, 1878......... 67, 263,973 26,541,352 | 664, 380 || 47,579,410 | 42,389,953 | 68,110,155 | 15, 873, 717 7, 103, 634 189, 708, 589 | 79, 600, 602 |.......... 
Total, 1877......--. 63,734, 244 51,117,982 | 860, 850 | 36, 882, 450 | 45,319, 665 | 78,597,550 | 7,184,614 |-.-...----) eeeeeeeees 279, 214, 244 08, 062, 216 |. -csaeeae 
| 


THE USES OF PETROLEUM AND ITS PRODUCTS. 
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TaBLE IIL—EXPORTS OF PETROLEUM AND PETROLEUM PRODUCTS FROM NEW YORK TO FOREIGN PORTS FOR 1878, 
1879, 1880, AND THE CENSUS YEAR. 


[From the reports of the New York Petroleum Exchange.] 


REFINED PETROLEUM. 


1 barrel = 50 gallons. 

















































































































| 1878. | 1879. 1880. Census year. 
Gallons. Barrels. Gallons. Barrels. Gallons. Barrels. Gallons. Barrels. 
Great Britain: 
RRP Cetalalelnic eo wielwicicwivic visas scene ene <*>" 13, 158, 980 263, 180 21, 192, 079 423, 842 14, 026, 865 280, 537 22, 367, 521 447, 350 
MERVELDOO! -<- 2+ veces Henson cons enssancenss- 5, 018, 377 100, 268 7, 993, 254 159, 865 6, 482, 959 129, 659 8, 943, 434 178, 869 
S00)! o§ Aaa Sas ee ee ener aoeee 2, 537, 886 50, 758 4, 280, 209 85, 604 || 4, 195, 827 83, 917 3, 299, 266 65, 985 
RE ele sla ie eles ain win i'w mn nioicinininin= 2 < cieln's <= 5, 444, 392 108, 888 7, 158, 319 143, 166 4, 261, 677 85, 234 6, 967, 157 139, 343 
NPG UR eee tno ekairi< cian ne Siaisinw <a sminetc <i5)s 3, 277, 117 65, 542 5, 266, 440 105, 329 3, 935, 042 78, 701 | 4, 639, 210 92, 784 
Germany : | 
EMRE tno thas s\e.« o.0(e.07 wiais Ginn mnie cna'ee = nia 28, 279, 351 565, 587 40, 035, 341 800, 707 43, 953, 350 879, 067 47, 494, 457 949, 889 
2 7, 971, 865 159, 437 || 11, 638, 166 232,768 || 15, 344, 524 306, 890 || 11, 925, 646 238, 518 
K6nigsburg and Stettin...:................--. 7, 977, 223 159, 544 7, 425, 684 148, 514 3, 430, 726 68, 615 7, 036, 048 | 140, 721 
OO FO of Pee 3, 386, 423 67, 728 1, 874, 059 87, 481 804, 144 16,083 || 1, 149, 168 22, 983 
BREN OES ces oc soi. 0 ac Soweeb onacingasas. « 739, 317 14, 786 1, 949, 384 38, 808 334, 550 6, 691 1, 094, 486 21, 890 
Norway and Sweden ...........-.-.22----se05+- 3, 928, 374 78, 567 5, 480, 157 109,603 || 5,771, 784 115,436 || 5, 704, 219 114, 084 
UIE ee Pta eae (0c a a,ohssiees a Sianare aidlavalSiojanie aisle.» 1, 811, 288 36, 226 2, 670, 900 53, 418 || 1, 024, 632 20, 493 | 2, 062, 717 41, 254 
URED aan dele sieais co ais Pais inina scaln'sialeoa ewes 5, 886, 528 117, 731 || 5, 809, 642 116, 193 8, 120, 126 | 162, 403 | 5, 038, 410 100, 768 
a oy inno dann ie dewssorsasd | 10, 909, 641 218,193 || 16, 156, 629 323,133 || 18, 560,737 | 871,215 | 17, 640, 481 352, 810 
Os OE Oe aS ey Ses nee 8, 623, 656 172, 473 || 11, 010,971 220,219 || 11, 858, 877 237,178 || 11, 421, 878 228, 438 
ts ae NA Re 6, 658, 785 133, 176 7, 698, 336 153, 867 || 2, 618, 769 | 52, 375 7, 163, 521 143, 270 
es hve nena tis ca lese¥sanns 1, 356, 800 27, 136 1, 973, 427 39, 469 1, 336, 379 | 26,728 || 1,735, 029 34, 701 
Bemeteipemond Maltans.....<--sec.cccces0seneeusee 2, 480, 342 49, 607 1, 857, 396 37, 148 2, 573, 923 | 51, 478 1, 746, 220 34, 924 
de sail yaduantinm toons 3, 018, 291 60, 366 2, 331, 628 46, 633 1, 960, 057 | 39, 201 2, 161, 160 43, 223 
hd 2 5, 807, 423 116, 148 9, 787, 224 195,744 | 10, 142, 010 202,840 || 8, 967, 587 179, 352 
Cay. seh ae 1, 594, 220 31, 884 1, 513, 650 30, 273 | 334, 310 6, 686 1, 205, 250 24, 105 
BPRPREP IN VntOpe .....-----c<cececncwacecerscees- 4, 453, 916 89, 078 3, 605, 440 72,109 || ‘1, 727, 850 34, 547 3, 048, 380 60, 968 
los loot CEADINSTIS SS Sala gallery epee me 2, 803, 850 56, 077 1, 404, 660 28, 093 || 660, 990 | 18, 220 1, 331, 160 26, 623 
PEE Ste SECM Ore eee oe oo eS oa) cick a Steines | sbaed snes ecns 7, 588, 460 151,769 || 9, 120, 710 182, 414 13, 178, 760 263, 575 
BPM ONANS «oe oh casas ccces oo: acsscacsc ss 24, 271, 545 585, 431 18, 803, 770 376,075 || 6, 751, 392 135,028 || 17, 021, 352 340, 427 
5 WR tees AE SS i 8, 861, 345 177, 227 22, 145, 090 442,902 | 14, 949, 765 298,995 || 26, 926, 105 538, 522 
Africa: ! 
JE) PEGE 4 Se a ee 1, 555, 666 31, 113 3, 616, 633 72, 333 || 2, 208, 620 44,072 || 2, 829, 560 56, 591 
SIEMMUMUSIATME ee Sn cords ety cic= aa oHia win == < cic ws 5% 'a'o 109, 033 2,181 72, 976 1, 460 || 74, 095 1, 482 88, 974 1, 779 
colo) TE Sopa ae eer 1, 719, 518 34,390 || 2, 359, 170 47,183 || 2, 077, 655 41, 553 2,798, 510 55, 970 
oS. 2, 476, 982 49,540 || 2, 277, 346 45, 547 1, 910, 324 38, 206 2, 954, 956 59, 099 
UE SSE as 811, 993 16, 240 || 352, 260 | 7, 045 565, 482 11, 310 828, 730 6, 575 
eM REUMSLATICS,. coo'o.c 2 = vn cu caceccescecaetenssee: 32, 000 640 |) 45, 850 917 || 74, 000 1, 480 64, 000 1, 280 
South America: | | 
ME Ss oc occas once 3, 388, 078 67,762 || 4, 215, 973 | 84,319 || 4, 086, 859 80, 737 3, 986, 652 79, 733 
Argentine Confederation..............-..---. 1, 632, 985 32, 660 1, 659, 210 | 33, 184 2, 060, 810 41, 216 1, 705, 210 34, 104 
"i LEST EYES |g 0 a 1, 062, 115 21, 242 926, 872 | 18, 537 334, 128 6, 682 638, 993 12, 780 
United States of Colombia..................- 2, 640 53 || 38, 060 761 1 42, 068 841 42, 946 859 
I ooo oy. eas ose eens no sees s> 403, 682 8, 074 523, 958 10,479 | 672, 162 13, 443 || 483, 220 9, 664 
Ohno) ae 13, 500 270 26, 100 522 || 31, 496 630 || 45, 477 910 
MeorinrHIPAMErICS ..-<.-<------.<--s-e--ecceens 162, 244 3, 245 215, 383 4, 308 |) 239, 680 4, 794 ] 259, 855 4, 647 
LU le 0 A 532, 921 10, 658 784, 483 15, 690 || 696, 359 13, 927 || 735, 613 14, 712 
Bets Norhh Amoérica...--..-.--..-.s0c----0cse. 412, 329 8, 247 237, 654 4, 758 || 171, 337 3, 427 || 126, 835 2, 537 
er ee! Soeecnnacescceeecee- 2, 117, 267 42, B45 708, 186 14, 064 433, 528 8, 671 || 430, 839 8, 617 
BscrmeneN estilnidies ..-..-..--.-<c--:-<ce--seeraee 1, 222, 602 24, 452 1, 386, 679 27,734 || 1, 263, 614 25,272 || 1, 389, 438 26, 789 
AS WSs ht Gr 801, 449 16, 029 968, 776 19, 376 | 928, 393 18, 568 | 929, 361 18, 587 
TOSI wocnaceee 188, 708, 939 3,774, 179. || 249, 046, 884 4, 980, 938 | 212, 097, 080 4,241,942 || 261, 030, 291 5, 220, 606 
CRUDE PETROLEUM. 1 barrel = 42 gallons. 
Trance: || 
UE Ojenaise cemnssitces isa es <6 A RUS ape na aee 5, 862, 304 139, 579 7, 803, 090 |: 185,788 | 7, 687, 297 | 183, 031 7, 994, 545 190, 346 
WS ea oe ees en 1, 765, 159 42, 028 2, 041, 059 48, 596 ! 2, 116, 256 | 50, 387 2, 038, 590 48, 538 
TSG A hee Coe ce cube. ee no ae 1, 449, 115 34, 508 2, 464, 332 58,675 || 1, 853, 088 | 44,121 2, 208, 468 52, 583 
iRGMIS 1h BARRSS Cio: 2, 929, 780 69, 733 2,704, 475 64, 392 | 3, 831, 438 | 91,225 || 3, 278, 011 78, 048 
SPIEL) WOLGS's on ba tee ener eee ara eee sehen s-ce00c. 629, 319 14, 984 2, 752, 155 65,527 || 4, 039, 696 | 96, 183 2, 938, 081 69, 954 
PAM OLD 2 2h a te. sey ee RE 170, 320 4,055 | 140, 506 3, 345 322, 115 7, 669 140, 506 3, 845 
IPSEC ale roves SoS nine te Ae ERE oo coc de 1, 102, 060 26, 240 | 2, 133, 847 | 50, 806 3, 703, 109 88, 169 2, 778, 370 66, 02) 
Norwayiand Sweden. --..ccesaureeeunn 2 -:5 2. 46, 324 | he Bi a Ren OR PL Oa 51, 968 1, 2970 os une ale ere en eee 
SDAIN eeeee rs sent 5.1 cc ey set ee mE Sor. = - 277, 072 6, 597 1, 873, 167 44, 599 8, 694, 381 207, 009 2, 913, 881 69, 378 
MUD Ae sag sine 2 ab S = 2 = = Ses ORR RE RECREATES. oko 344, 786 8, 209 1, 614, 300 38, 436 1, 610, 710 38, 350 1, 297, 500 30, 893 
PP UIOR: DOP on ois oc. ot cee POT Pete So ey AS eer shee Sede cee og oak cooaceec'fl 486 12. 486 12 
SLOUAIS eae r is Wiens seas Aly eel ai 14, 576, 239 347,053 || 23, 526, 931 560,165 | 33, 910, 544 | 807, 394 || 25, 583, 438 609, 130 
j 1 
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PRODUCTION OF PETROLEUM. 


TaBLE III]L—EXPORTS OF PETROLEUM AND PETROLEUM PRODUCTS—Continued. 
NAPHTHA. 1 barrel = 50 gallons. 




































































1878. 1879. 1880. Census year. 
Gallons. Barrels. GaHons. Barrels. Gallons. Barrels. | Gallons. Barrels. 

Groat Britain. caastescsn esate ms au ema vices ease ams 4, 915, 361 98, 307 7, 497, 559 149, 951 6, 152, 564 123, 051 7, 024, 509 140, 490 

HLANGG! fac -seote cee seeesipecm scenes ee eeneemeres 2, 372, 820 47, 456 || 4, 864, 165 97, 283 4, 624, 955 92, 499 |) 6, 768, 300 135, 366 

Germanys cs. cs sens an eet eadaceee ete ss sen aaceeaas 712, 581 14, 251 937, 995 18, 760 | 781, 566 15,631 || 1, 180, 037 22, 601 
| 

Other European Porte l2<.--s-.r cenmes~ eH aon 1, 304, 755 26, 095 1, 800, 010 36, 000 1, 053, 883 21, 078 1, 777, 404 35, 548 

Various portsic sc. esceeleteee ee aaee ease eeeee 109, 916 2, 198 81, 567 1, 631 | 68, 692 | 1, 374 74, 009 1,480 - 
Totalecccscc one eee ee ee 9, 415, 383 188, 308 || 15, 181, 296 308, 626 || 12, 681, 660 258, 633 16, 774, 259 335, 485 
RESIDUUM. 1 barrel=50 gallons. 

| | 

To ll NOLtS to wees Gama cesemite nna sore ae mere 2, 617, 039 52, 341 | 4, 177, 704 | 83, 554 |. 2, 863, 552 57, 271 4, 135, 260 | 82, 705 

SUMMARY. 
Total refined, crude equivalent........--..-.----. 201,011, O10 i eae ees 332, 062, 500 | Sree beneesae || 282, 796, 100 | se aele mets seer | 348, 040, 400 | RE Eee Ie 
Total cones. tees ee Ae Pee pe een 1d, B76 280i ceed: seas 23, 526, 931 ; US hs DD Hf -caalaro' ned) Gee eee ! 25, 663, 498}... ee 
\Foe A OS VIE he ae (ett CRON 
Total from New York, crude equivalent-..--| 266, 188,158 |...-.......... 355, 589, 481 | Seon aera ele | B16; 706, 644 |e ncnces cues | 373, 623, 888 pee 
i 


























EXPORTS OF PETRJLEUM AND PETROLEUM PRODUCTS FROM PHILADELPHIA TO FOREIGN PORTS FOR 1877, 1878, 1879, 


AND 1880. 


[From the report of the New York Produce Exchange.] 






































| 1877. 1878. 1879. 1880. 
| Gallons. Gallons. Gallons. Gallons. 
United Kingdom 225.222. 62. ec. oe cee ccine nn a-nnsticncss nescence sonticrn seas sennnanccresceareenennmcintl 2, 812, 745 4, 340, 407 2, 037, 860 2, 342, 234 
Northern Baro per 5 sec aste eats ieee en m Se Clete ois wreteinrslctetare ml olsimlarel oie ie ow eft ie eet ata tata ata ed ee oe 32, 159, 144 47, 539, 968 50, 542, 743 41, 539, 471 
‘Moditerranean ports: 2.2. wSessepacice ne cei, feat rena satiacitweeieiaciht poe emu sceatscew ates cee ets See 13, 728, 475 18, 884, 404 26, 691, 586 8, 7638, 185 
Hast Indies seu see tees ews oak ne mine cls nee oslec bine oakslow Rem ten ate ae eet te pesca tales ae eee et nena 208,880 fone. oo ecm eee eee eee 204, 500 
Chink and Japs tec ccm 5 ante oe lomie ote eels Sco ete eleanor fale aan oe Se tars a ame mats ate 216, 500 | 2, 840, 000 1, 855, 250 1, 342, 100 
South‘and Central A meriéa oe cS. et eielow's os wejnasla)ne inlepetnje faint iy ain le eee ae lem ere aie are et a eee 29, 617 29, 815 361, 646 22, 605 
BW] a BOB) Ween BS Ha oe Ree ears a Seeh A eee cose oAaac SEDAN aS aaa bobcat Bantu 274, 821 32, 100 58, 448 5, 000 
British North A Were Osh <meta aici late stele Gls merle ie sla ele einteler ni weiter iain ieteie miotetele aeve cialcielebiar eens ace 3, 450 277, 268 |. o652 nae 5 oaeretneaderee ee eee 
Other Coun Gries wes cicisie nicer aieieinia 5's wee nies omicle en Rbealete nmin owe minnie) a aletale ia oie 'sta ates einie ints pice eaten ie as see deans osoa.ce sa ellen cin alae sle'n'= oie = nliny Waa pipes see ee 454, 901 
(LOD Bese teae castes a5 cing alee oon nieuie nea eantelaieh als's ot pin © salem a pina 6 tele eels aol eee 49, 433, 633 78, 943, 962 81, 547, 533 | 54, 673, 946 











TaBLE IV.—THE CHARTERS REPORTED FOR CRUDE AND REFINED PETROLEUM, NAPHTHA, AND RESIDUUM FROM 
NEW YORK, PHILADELPHIA, BOSTON, BALTIMORE, RICHMOND, AND PORTLAND TO THE DIFFERENT PORTS 
OF THE WORLD, EXCLUSIVE OF NORTH AMERICA, DURING THE CENSUS YEAR. 


[From the reports of the New York Petroleum Exchange.) 















































| RESIDUUM. 
| 
| Barrels. Cases. 
| 
Gitte eee eeeeeee teteeeeeseeees 
sodeseccck soe eee ghee 
| 300 |. 2 ae 











Cd ee ee ee ee es ad 


| 
REFINED. NAPHTHA. CRUDE. 
wane | it 
Barrels. Cases. Barrels. | Cases | Barrels. | Cases. 

Aarhune: 222 cota cucasiereceeareanmctactcete eaebiae 3B, O00 Has wi oie ciaiore tosia ets Oot ee eG eee Nae | pie te ate whet eal emia eel ete eae 
A drigtig seat ocves lates venation eeeates eee sores 7, 000 102::000 Nicwecetotns cabelas aes meriee AI She cere cee | eae 2c 1 Poca 
Adelaide (20. 0.ccicaccdse dcp ahiecsidessndasectss ams ee dee saeee aoe 6; OOO WI 2 ees. sot lane nomeeee eae Tid Ret Aa OE MUR ee ed eas 
Alexandria tisete sac scecsesioncsecseas pease steal mn teen me iectee 209/000 Wie Sa deitcscmarc {te Seacetearesailoetawesteseertas| acne ease eaees 
AL HCANLS ences eto aa sees See ese eee ee eee eee 500 98; 000 jl\s-seeastemionioaanse Sesnce ad hee sseee eeeees 13, 600 
A USIOTS coe cca e chast ts sale Mena se Manatee tek ee ate 200 77 ALU | 2s Sacer lee amen camcind | Bacticd aeos 365) pnceten IcnscHe 
Amsterdam]. 2no 5 icticitn desea usuiee sein’ s aa cdeaean see 45/900) |e ae cecn oka c|iionandaaasta we lenge cman secnall ate aeeeneen beeen ae aes sos me 
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TABLE IV.—THE CHARTERS REPORTED FOR CRUDE AND REFINED PETROLEUM, ETC.—Continued. 
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TABLE V.—PETROLEUM AND ITS PRODUCTS EXPORTED FROM THE UNITED STATES DURING THE YEARS ENDING 


JUNE 30, 1879 AND 1880. 


[From report of Bureau of Statistics.] 






























































| | 
| NEW YORK. | PHILADELPHIA. BALTIMORE. BOSTON. OTHER PORTS. } TOTAL. 
| | {| 
| PYG | l | . | 
Quantity. Value. || Quantity. Value. || Quantity. : Value. i Quantity. | Value. | Quantity. Value. | Quantity. Value. 
| 
| J Es at 2 ws. | e:3 
| | | 
| Gallons. Dollars. Gallons. Dollars. || Gallons. | Dollars. || Gallons. | Dollars. || Gallons. Dollars. Gallons. Dollars. 
eee 17, 716, 883 | 1,517,701 | 4, 687, 786 377,197 | 1,166, 825 | pre | deo, Kapp ide 4 ited 1 Serie 2,302,994 | 187,223 | 25,874,488 2, 180, 413 
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Tluminating..-.. 206, 520,009 | 23, 088, 504 | 76,307,729 | 7,795,749 | 32,662,045 | 3,231,700 || 5,090,871! 640,553 | 11,005,788 1, 243, 356 (331, 586, 442 | 35, 999, 862 
Lubricating ..... 1,709,556 | 452, 257 | 7, 182 | 3,367 | 269, 759 56,249 || 478,998} 134,903 || 22,186 8, 692 i 2, 487, 681 655, 468 
Residuum ....--- | 2, 684, 052 | 1738, 563 144, 564 | 7, 952 | 216, 342 12 O03 Horace maces | as amare 262,080 16,518 | 8, 307, 038 210, 726 
| 2 | 2 H —| | 2 | SSS © 
Total, 1879. ..|240, 107, 529 | 26,219,170 | 83,876,298 | 8,392,193 || 34,915,753 | 3,441,434 |) 5,622,619 | 780,079 | 18,787,811 1,472,373 378,310,010 | 40, 305, 249 
| | {| 
Berane a. se 28'S. | 24, 034,260 | 1,652,200 || 2, 730, 147 160,549 | ..-- ------ Sayre | 500 65 || 1,533,090 | 114, 393 || 28, 297, 997 1, 927, 207 
Naphtha......... 15,257,520 | 996,398 | 2, 366, 622 148,464 | 682, 702 36, 200 || 385 93 || 103,815 11,074 18,411,044 | 1, 192, 229 
INuminating..-.. 266, 841, 227 | 23, 489,496 | 77, 083,630 | 6, 234, 608 i 17, 921, 548 | 1,399, 975 4,611,483 | 507,511 867, 985 | 151, 985 | 367, 325, 823 | 31, 783, 575 
Lubricating ..... 4, 151, 597 822, 388 | 34, 943 6,980 || 367, 240 68, 713 600, 887 | 137, 378 || 8,218} 3,665 5,162,835 1,039,124 
> i | | 
Kesiduum ......° 3, 885,588 | 217,677 || 395, 094 26, 161 416, 430 Bh, WOON CL Bs etree fetes 69, 888 6,652 || 4,767, 000 276, 490 
Total, 1#80...'314, 170, 192 | 27, 178, 159 || 82, 610,436 | 6,578, 762 || 19,387,920 | 1,528,888 || 5,213,155, 645,047 || 2,582,996 | 287,769 423, 964,699) 36, 218, 625 









































TABLE VI.—EXPORTS OF PETROLEUM AND PETROLEUM PRODUCTS FROM ALL UNITED STATES PORTS TO ALL 
FOREIGN COUNTRIES, AND THE DECLARED VALUE THEREOF, COMPILED FROM RETURNS OF THE UNITED STATES 


BUREAU OF STATISTICS. 


[From the report of the New York Produce Exphange for 1880.] 










































































CRUDE. | REFINED. | NAPHTHA, ETC. | RESIDUUM. 
Year. : Crt | - 
Quantity. Value. | Quantity. | Value Quantity. Value. Quantity. Value. 
1] ree 
Gallons. Dollars. | Gallons. | Dollars. Gallons. Dollars. | Gallons. Dollars. 
oe Se ra 19, 643, 740 2,665,771 | 209, 021, 305 41, 854, 841 10, 250, 547 1, 264, 962 |) 2, 069, 616 145, 398 
TTL a ae ee 14, 430, 851 1,428,494 | 208, 635, 382 | 30, 497, 191 10, 617, 268 997, 355 || 2, 263, 776 167, 794 
Lh. 9 ee 16, 536, 800 1, 738, 589 204, 616, 798 / 28, 417, 339 14, 048, 726 1, 392, 192 || 2, 655, 984 169, 671 
lon 25, 343, 271 3, 343,763 | 221, 900, 446 44, 448, 361 18, 252, 751 1, 502, 798 || 3, 278, 024 239, 461 
coe eee 28, 772, 233 3, 267,309 || 309, 778, 832 | 51, 901, 106 19, 565, 605 1, 938, 672 | 4, 778, 641 390, 077 
5G... 23, 883, 508 2, 150, 390 308, 896, 307 39, 094, 451 13, 431, 783 1, 077, 402 |) 3, 145, 506 221, 019 
i 27, 841, 900 2,182,573 |) 367, 321, 255 | 32, 696, 713 22, 695, 223 2, 081, 210 || 4, 457, 486 273, 045 
UEDA. ja 35, 481, 168 2, 679,193 || 284, 470, 800 29, 126, 985 22, 010, 074 2, 615, 094 8, 324, 804 204, 324 
oo se Se 191, 933, 471 19, 456, 082 || 2,114, 641,125 298, 036, 987 125, 871, 977 12, 869, 685 || 25, 968, 837 1, 810, 789 
a ae 23, 991, 684 2, 432, 010 264, 330, 141 87, 254, 623 15, 733, 997 1, 608, 711 3, 246, 105 226, 349. 
CENSUS YEAR. ' 
1879. 
ae 1, 350, 713 102, 755 30, 221, 930 | 2, 719, 090 1, 305, 136 129,170 4 62, 664 3, 568 
Ee 3, 297, 347 205, 781 44, 972, 481 3, 882, 095 1, 568, 370 136, 419 194, 082 14, 166 
ee 1, 483, 108 94, 086 41, 883, 762 3, 325, 565 2, 579, 406 207,179 | 451, 500 26, 781 
a 1, 496, 109 135, 931 | 40, 046, 705 3, 092, 885 2, 187, 854 168, 749 | 328, 272 21, 615 
ee 2, 808, 561 163, 935 | 42, 837, 294 3, 530, 654 3, 651, 526 296, 224 758, 478 36, 364 
Sibemanee oS .....-..2:.2... 2, 924, 488 187, 481 32, 684, 161 2, 810, 061 2, 047, 099 175, 141 | 769, 062 35, 530 
i 3, 223, 457 248, 822 | 87, 455, 351 3, 352, 574 8, 794, 884 305, 022 | 594, 258 33, 029 
1880 
IARUAD TIE eee Eee. ue. 2, 299, 624 170, 399 © 34, 219, 503 3, 159, 460 | 1, 407, 958 158, 877 | 495, 768 39, 334 
PMeDAE Tete tet ies... 2, 756, 776 211, 236 | 20, 593, 427 1, 934, 975 | 1, 030, 129 146, 119 582, 330 31, 035 
MaTGhee ot eee 1, 945, 020 136, 152 | 20, 545, 746 1, 939, 466 2, 059, 438 280, 083 | 410, 718 22, 641 
5 ee ee 1, 745, 150 121, 418 | 18, 130, 976 1, 724, 732 1, 129, 941 162, 784 2, 604 248 
1) ee tn A 1, 645, 181 121, 887 > 13, 090, 549 1, 150, 665 897, 004 102, 064 | 187, 152 10, 199 
Total <.-.- noe te eesee ne so 26, 975, 534 1, 899, 883 | 376, 681, 885 82, 622, 222 23, 658, 745 2, 267, 831 4, 836, 888 274, 510 
! 
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PRODUCTION OF PETROLEUM. 


Taste VIL.—QUANTITY OF PETROLEUM PRODUCED, AND THE QUANTITY AND VALUE OF PETROLEUM PRODUCTS 
EXPORTED FROM THE UNITED STATES DURING EACH FISCAL YEAR FROM 1864 TO 1880, INCLUSIVE. 


[From the report of the New York Produce Exchange for 1880.] 




















E PRODUCTION. * 

5S 

Ep 

is Barrels 

a° | produced | Gallons 

Zz of 42 gal- | produved. 

3 lons each. 

w 
1864....| 2,478,709 | 104,105,778 
1865.... 2,424, 905 | 101,846,010 
1866....| 3, 165,700 | 132,959,400 
1867.-..; 3,591,900 | 150,859,800 
1868....| 3,613,709 | 151,775,778 
1869 ...| 4,046,558 | 169,955,436 
1870....| 4,411,016 | 185,262,672 
1871....) 5,558,775 | 233,468,550 
1872 ...| 5,842,497 | 245,384,874 
1873... 7, 242, 343 | 304,178,406 
1874....| 11,188, 741 | 469,927,122 
1875....| 10, 083, 828 | 423,520,776 
1876....| 8, 823, 142 | 370,571,964 
1877... 10,822, 871 | 454,560,582 
1878.... 14,738, 262 | 619,007,004 
1879.... 16, 917, 606 | 710,539,452 
1880... .| 22, 382, 509 | 940,065,378 








Crude oil, including 
all natural oils, 
without regard to 
gravity. 


EXPORTS FROM THE UNITED STATES. 





Mineral, refined or manufactured. 


Naphtha, benzine, 
gasoline, etc. 





\ 
Gallons. | Dollars. 
9,980,654 | 3,864,187 
12,293,897 | 6,868,513 
16,057,943 | 6,015,921 
7,344,248 | 1,864,001 
10,029,659 | 1,564,933 
13,425,566 | 2,994,404 
10,403,314 | 2,237,292 
9,859,038 | 1,971,847 
13,559,768 | 2,307,111 
18,439,407 | 3,010,050 
17,776,419 
14,718,114 
20,520,397 
26,819,202 
26,936,727 
25,874,488 
28,297,997 


1,406,018 
2,220,268 
3,756,729 
2,694,018 
2,180,413 
1,927,207 


2,099,696 | 


| 


11,758,940 
| 14,780,236 
| 15,140,183 
| 16,416,621 





18,411,044 


| Dollars. 
154,091 
173,943 
188,825 

34,175 
267,873 
445,770 
564, 864 
746,797 
932,160 
| 1,487,439 
1,038,622 
1,141,440 
1,442,811 
| 1,816,682 
| 1,411,812 
15,054,361 | 1,258,780 
| 1,192,229 


Gallons. 
438,197 
480,947 
673,477 
224,576 

1,517,268 

2,673,094 

5,422,604 

7,209, 592 

8,092,635 

9,743, 593 

9,737,457 





Tluminating. 


Dollars. 

6,764,411 

9,520,957 
18,626,141 
22,509,466 
19,977,870 
27,636,137 
29,864,193 


Gallons. 
12,791,518 
12,722,005 
34,255,921 
62,686,657 
67,909,961 
84,403,492 
97,902,505 





132, 608,955 
122,539,575 
158, 102,414 
217,220,504 
191,551,933 
204,814,673 
262,441,844 
289,214,541 
331,586,442 
367,325,823 


| 





34,138,736 
30,566,108 
37,195,735 
37,560,995 
27,030,361 
28,755,638 
55,401,132 
41,513,676 
35,999, 862 


31,783,575 


Lubricating (heavy 
parafiine, etc.). 


| 











| 
| 
i 











Gallons. | Dollars. 
1134,532 | 51, 122 
16,871 2, 611 
159,632 | 22, 660 
541,419 | 211, 287 
748,699 | 277, 966 
1,244,305 | 404, 243 
1,173,473 | 313, 646 
963,442 | 303, 863 

| 1,601,065 | 497, 540 
2,304,624 | 639, 381 

| 2,487,681 | 655, 468 
5,162,835 |1, 039, 124 


Sant el acer Total. 

from which the 

light bodies have 

been distilled). 

Gallons. | Dollars.|| Gallons. Dollars. 
Mpa WN Sc 23,210,369 | 10, 782, 689 
Varia a bitecdell gate 25,496,849 | 16, 563, 413 
“Preonqorscoucdsas. 50,987,341 | 24, 830, 887 
Be Aep ht. 2 70,255,481 | 24, 407, 642 
WotR eE Mean Peers) 4. 79,456,888 | 21, 810, 676 
PREP Mn PE eos. sn 100,636,684 | 31, 127, 433 
ohh es Ones 113,735,294 | 32, 668, 960 
#155, 474 | 14,770 || 149,892,691 | 36, 894, 810 

438,186 | 41,724 || 145,171,583 | 34, 058, 390 

781,074 | 79,566 || 187,815,187 | 42, 050, 756 
1,827,798 | 142, 299 | 247,806,483 | 41, 245, 855 
2,752,848 | 187,103 || 221,955,308 | 30, 078, 568 
2,581,404 | 193, 206 || 243,660,152 | 32,915, 786 
3,196,620 | 817, 355 || 309,198,914 | 61, 789, 438 
3,968,790 | 316, 087 || 338,841,303 | 46, 574, 974 
3,307,088 | 210, 726 || 378,310,010 |- 40, 305, 249 
4,767,000 | 276, 490 || 423,964,699 | 36, 218, 625 

















» Asa given number of gallons of refined petroleum represents the product of a larger number of gallons of crude petroleum, it is necessary to reduce 
ihe exports of petroleum to their equivalent in crude oil in order to arrive at a knowledge of the percentage of the total product of mineral oil exported. 


+ Estimated. 


AVERAGE PRICES PER YEAR, 


TaBLE VIIIL.—NEW YORK PETROLEUM MARKET. 


[From reports of the New York Produce Exchange. ] 








Year. 





i ee 
See eee ee ee ee 


ee ee ee ee ee a 


September’. to suc. ewes ante neo eeriak eee heee ae 
OCCODED sc cent ensece rs sees mee a swen ae ete eae ees 


OMUALY 3c dassee nian. haee Je ee enin ase cee terete 
HW ODIUATY: -Csa2h coe ca ee dee ae dese eee eee eeneee 
March 
































| CRUDE IN BULK, PER GAL- CRUDE IN BARRELS, PER 
LON. GALLON. 
Extremes. ace. Extremes. re 
Cents. Cents. Cents. Cents. 
Shoot Bessey v4 | re Pde ola | 
abe dian)s-o ein eine Da Oe: Nia me wi aleeiae we eels Olas eevee seen 
sdanemecageeneee G52 Ween alae sca senjeaanl eSaeke meee 
stun ey seahekorer LO. Go Mia nia ates recs ete Hate 10. 50 
eRe sta sche ee 9, OO We etre sais chee 9. 12 
Ram owerae cu hielo G. 88 illl|: Geamieemenee.s oe 6. 37 
Ce aasrsie nines U 3; 62h song Saba cam cece 7.10 
Foes et cele c oe 7.14 | item ante aiatato's 7.14 
Sesasetenaehie sie 3. 60 5 to 7% 6. 44 
Oh ack NR 2. 50 5 to 64 5.41 
DERE Slee, ees 2. 38 4% to 64 5. 42 
Ce See See eee 2. 50 4% to 63 5. 50 
Be aS ete) a 3. 10 53 to 74 6.55 
oe SAL 3.90 64 to 8} 7.45 
Ei Bac Sh ie) Mae tes aieoped Th to 8h 7.92 
72; to 8 7.53 7 to 8 7. 55 
6% to 744 7.03 6§ to 72 7. 29 
69; to 78 6. 68 6 to 74 Pele 
613 to 7§ 6.97 6§ to 73 7.22 
Gy; to 7% 7.03 64 to 73 7.03 














REFINED STANDARD WHITE, | NAPHTHA IN BARRELS, PER 























PER GALLON. GALLON. 
Extremes. a Extremes. eee 
Cents. Cents. Cents. Cents. 
Pes ee ee 18; 21) ..2.-=ct5 seen 11. 07 
gittwlcniewo-anranint 18.09 || 22. sho scuteen eee 9. 04 
beatae decease eee 12,92) Ihe aicinm Cheaieecserete 9. 67 
BPE, aN ooo eee 19-19: <u cocelae ania eee 11. 36 
estes Gee seas: 16.72 Nh. <i ou,< ape ere 9.75 
dave naiae see ses 10.77 ice eee eee 7.18 
sae eye cs oes 8.08 acced sesee cece 6. 40 
sy qlee ee anise O12 someone eee eee 7. 62 
6§ to 7% 7. 23 5 to 8 6. 42 
6§ to 7% 6. 97 4 to6 5. 14 
63 to 74 6.57 4 to5 * 4.50 
64 to 74 6. 79 4 to 5 4, 62 
7 to 7% 7. 43 44 to 6 5. 23 
7% to 8% 8. 03 6 to 62 6. 27 
81 to 9 8. 56 63 to 62 6. 63 
7% to 8 7. 94 64 to 7 6.71 
7% to 8 7.81 64 to 7 6. 65 
7% to 7% 7.75 54 to 6% 6. 06 
7% to 7% 7. 56 54 to 53 5. 63 
7% to 7} 7. 56 5% to 54 5. 50 











THE USES OF PETROLEUM AND ITS PRODUCTS. 
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TABLE IX.—IMPORTS OF REFINED PETROLEUM AT FIVE PRINCIPAL PORTS OF THE UNITED KINGDOM. 


[From reports of the New York Produce Exchange. } 










































































































































































| yf S| 1875. 1876. | 1877, 1878, | 1879, 1880. 1881. 
Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. 

DRRFRICUSTT Rea acid oa oi-1c/=4 sis wsiapanses exes maviecs seg sina - 247, 024 169, 394 227, 305 348, 412 261, 385 492, 292 369; 250) | io. wees ose == 
OO erie eye oie scene ca els atic waeeela ian secie <~ o 157, 700 94, 170 145, 679 144, 000 136, 059 203, 500 168, 800'|Socnveaetene ae 
SNR ee arate Sta eins nc sawing canna) suutcivns sss 37,175 36, 460 52, 792 65, 584 54, 267 ' 98, 485 90;'623) |zc.cusecenr eee 
Re a orsi a sia ia oa win crew seine ais oe io ha ae ana <ose bc win 10, 331 6, 902 24, 657 26, 365 25, 420 30, 884 B4° 057)! se Beane ase 
RN MRE Sere ag wars vas 5A, oes nini ese oid ws.4.4 6) 8> owe 19, 319 18, 175 7, 598 8, 911 13, 103 T2780) ace <cede cuca | eee cates ieee 

SUP te seedless seis din cin wis noes hs clam en; a ein 471, 549 325, 101 458, 031 593, 272 490, 234 830, 950 O57) 788 locnetaeueeeone 

STOCKS AT SAME PORTS, JANUARY 1. 

ETE ee oh els nog be cles see ae da owacuek| Sec qseleea set 117, 345 41, 193 40, 078 94, 326 61, 500 160, 000 99, 518 
RON et aria aise wre Sais fh - efce iso siebtnie ieee eee toni valine aeictetm si0inig 62, 400 14, 500 22, 880 26, 700 21, 089 48, 000 32, 000 
Re IP ee oon me a tema ciicisea ans omosgios seats nme ses 8, 000 6, 500 11, 699 14, 000 8, 000 17, 000 20, 000 
lakh. un 2 St See eR 2 a eae 5, 444 350 650 4, 050 2, 300 800 1, 300 
(Oo GNETE wedi Goa Se iss Ge ae aeer 45 ee) ae epee eae 3, 577 2, 200 612 921 1, 300 WS 1B4. | eecemaoc ans ae 

TRASH) 4... SPs eae is Bee oNeer eerie. 196, 766 64, 743 75, 919 139, 997 89, 189 226, 934 152, 818 
TaBLeE X.—IMPORTS OF PETROLEUM AT THE UNDERMENTIONED EUROPEAN PORTS FOR SEVEN YEARS ENDED 

DECEMBER 31. 
{rem reports of the New York Produce Exchange.] 
At— 1874, 1875. 1876. 1877. 1878, 1879, 1880. 
Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. 

FAAMbUrg <2. 2. eee en nn nn ene ee ee en eee ee en tee ween e el amen enna ne een: 154, 581 131, 822 324, 936 293, 600 408, 869 525, 974 
WOO nee eee cet ean an cisnan a cem st aneelacceesaccsesS= oo -nce 617, 338 720, 637 603, 251 840, 086 834, 400 649, 845 719, 017 
FEE go eae SEIAR SEE Oe ae RE eer a 1, 885, 260 158, 214 177, 988 229, 258 219, 298 189, 850 212, 433 
SSS ts 6 Se 6 Py tapan we a crate eA oe eines Gates As 110, 198 121, 261 65, 507 65, 026 182, 708 150, 209 217, 046 
12 SRDRST, Cat sence Ee ee 81i, 12! 1, 043, 187 969, 971 1, 463, 264 1, 165, 746 1, 345,772 | 1, 324, 591 
2 TERE ce Sed upnd GOS Se Beene O neon te Ieee Se eee ee 189, 476 228, 547 211, 875 204, 214 208, 767 249, 469 276, 515 
RNAs eee ise os ic co s's'Valala(s!s lass aun sl<'a'daleicnain's sw oeseaeesn 67, 019 101, 848 83, 793 143, 620 111, 422 102, 474 107, 849 
RAEUIRUR INUNT Oa slain cist aiciciaiv «nin cjnieinin's vlansceinisne ns aenieineizecatelcsess-nis> 85, 937 121, 114 86, 207 116, 455 79, 198 79, 345 72, 223 
(2 ipso) greed go he DR ES Ae ane eee er Sarre 105, 399 68, 895 82, 914 121, 451 108, 105 101, 571 69, 652 
UAL Ht) Gees beige Gog EE BARE enn CRE Os eee ae eee Seer 113, 523 112, 822 | 145, 627 254, 644 199, 723 304, 392 278, 459 
eee ae ae 2s a et social Sais nm ins Hains oe eoSe es co heme wae 246, 323 169, 834 226, 432 333, 234 275, 707 380, 499 340, 717 

hod lll GIRS Ry Oa ea A 4,231, 594 3, 000, 890 2, 785, 387 4, 096, 188 3, 628, 669 3,962,295 | 4, 139, 476 
memeindes 4 Cades 60 barrel, << - 2.226 5650-655<+-cscceeanas=- cases 59, 421 19, 701 60, 023 183, 160 48, 965 56, 707 33, 195 
PEE MCCS TS ASCY S aawiad sins ieriesccecces evince ccc tv cnenesecees = DaErelssi eck rec cp we teenie Soe mionieaia = 21, 714 34, 517 38, 311 55, 694 52, 174 

STOCKS OF PETROLEUM HELD AT THE SAME PLACE AND TIME. 

ERR ea wie oS 3a ncn sja/ aie sisi cecal swe wile ey<mise cemlnecieds|Sa/emeisreocis'sines 17, 640 9, 072 53, 726 22, 195 27, 749 86, 376 
ONE ERT oe Sec etininesl socedbechan=eeusiaee | 124, 643 109, 477 34, 160 106, 627 126, 894 109, 979 109, 338 
RETIREE LE PENS Ee raha. vials Gectcin's cinicieslome tee bGvectucedeacnweiws 41, 203 15, 801 8, 124 35, 054 21, 954 11, 924 18, 540 
EVER E e So o oo a cicks ois a se ciaicetniawenta mesg ceme tases oos%s 12, 344 10, 395 449 10), 737 82, 329 27, 874 50, 511 
SANE eo or, alae oo See Saw ajnters cicigete de becismie shakes esis | 199, 580 196, 365 42, 281 255, 907 225, 550 343, 738 559, 339 
ate OE ee 86s ect dec pPicncecslescccesess | 20, 064 81, 335 24, 180 11, 598 16, 277 15, 305 42, 832 
US balk ee Sou eC eS a AG BGG oe ee 10, 891 17, 993 7,118 37, 483 25, 833 20, 189 20, 295 
BEGHICS DUT mneeReE EE ee Oe ee ee ce cca vec wededueeteces 10, 602 21,341 3, 328 21, 699 16, 160 14,173 12, 956 
ese LEDS NET (hy see ear 208 oa dovadete c.as.decesiemassus scat 66, 886 41, 398 29, 115 55, 787 69, 786 60, 301 22, 108 
EON ete een aan SEAM eo cos cnccen.cwedccccccucscidesmce 24, 200 4, 500 6, 350 47, 005 12, 970 37, 500 21, 600 
leon ceatee ho thedkee toh ne ee 117, 347 43, 035 36, 616 80, 481 59, 570 156, 786 99, 188 

SL Otay PATTON tare ere ee els toe boc Soe ccw ben enithe ccc ce 627, 760 509, 280 195, 793 716, 104 629, 518 825, 518 1, 043, 083 
MEMEROLUICOS OAK U cam nine an tee eMnCeneEmern ate socteacss ccsacecs sac cusl ccedaheme sees cl scemeceececses 11, 782 10, 027 14, 412 18, 856 7, 315 
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PRODUCTION OF PETROLEUM. 


Taste XI.—THE VARIOUS PRODUCTS OF CRUDE OIL, INCLUDING PETROLEUM, CRUDE OIL, REFUSE OIL, AND GREASE, 
AND ALL PRODUCTS OF NAPHTHA, EXPORTED FROM BAKU FROM 1832 TO 1879, IN POODS OF 36 POUNDS EACH. 





{From report New York Produce Exchange, 1880. ] 





























































































































| ea i 
Year Poods. | Year. Poods. Year. |  Poods. Year Poods. / Year. Poods. 
| 
a Ee ee es 261, O00) 142 eee ee comets 341, O18 Ii) 1852eoe eee ewoe = No'report. .. || 1862..---5...-.2.. No report.-.|| 1872. -.- 3. -e-ers 1, 535, 990 
Aol csnedetay 300, 000 || 1843...........-. S27, 167 1858 ige ceo ews oe do 7.455. 1568.’ pases cues 340, 000 || 1873....--c-0cene 3, 400, 000 
3 ts) eRe Ney cc 346,109 || 1844.........---- 832,854 |} 1854 seco niat aoe e te sqilSssocas LEGS. « cisieeeoiacemak 538, 966 || 1874..-....4.-..-. 5, 000, 000 
TRsGs ee eee B52; 720 |) 1845 4) haute de 84 685 | SEES letras se recalae PNG ere 1866 eae terete 654, 200 1 4875.10<-- Saeeoee 3, 462, 382 
1896 (4e\ Sele 352, 862 || 1846.........-..- DSS 11 2iilsle5b se teeere eee Ei (ere 1866.0: ee Aen 691, 820 || 1876..... Ree EL 4, 853, 461 
B Sy Ere B cae 344, 147 | USAT cen ccm eee 255,476) 1867 2-cee were sae se QO fetemeiae MSOT ccdcccccteas ss 998, 905i) USTs. sec ccna 6, 816, 971 
1838. a eS 340, 554 | LB48 22 5 accesnes 327, 802 || 1858............. SAUL Ole L868 center ee see 735, 734 | STS. oe oven ee 9, 931, 644 
1889 2..05s0 cc c5~0 5) 858, 357 || 1849.........-..- 828, 280 || 1859.5... 56s. Sal O ye sm tee 1869: <52ss0s-eeens 1,685,220 || 1870. nase ee 12, 541, 646 
W640 Sere cones ee 381, 0LO |) C800 Cree oc cees ne No reporé.-s}) D860 oon. e ese = SAN SE SOe LOMO tastids 5 sc een 1, 704, 465 || 1880, to June 1... 3, 586, 059 
1RAT Ah eee 326, 695 | 1 ahs). ee des taee | 1861 2% Sone geek Ms Pie da 187] oetece see 1, 375, 981 
EXPORTED FROM BAKU IN POODS OF 36 POUNDS. . 
] 

| 1875. 1876. 1877. 1878. 1879. 1880 to June1. 

| 
(rade Hileccdn spc akodclaes sous daracee Uaioe ten ee naa eeh ene | 323, 851 323, 561 177, 983 281, 423 436, 673 61, 902 
Bolined ollie. ssc ecesce leon ogee cpe-cas EES ee EL ele eee eee eee | 1, 990, 041 3, 325, 233 4,594,766 | «6, 254, 920 6, 562, 140 1, 484, 374 
Refuses ssc. be 2 oe ae sine sp ne eens owes oe wiv e's een mice = = nieamie teeta in eee | 1, 131, 725 1, 275, 321 | 2, 038, 899 3, 382, 859 5, 528, 208 20, 016, 270 
Oilsand iGTOase - aa pose see etic wie olate areteat mea aime ar | 1, 077 OOS Met ecanese cetera 806 409 23, 503 
FACTO Ue bate cS acne ap IAGO os 50 OS COD AMIOe GaSe Masa teh pesca | 4, 586 13, 100 723 9, 300 10, 491. |. 05. sc emeeeetees 
Benzino, ete... 2236se Caw aes ees eee ease a aslee aa a erae aerate | 11, 102 5, 151 4, 600 8,180 | o.002 ccscecie seek el nets eer 

TABLE XII.—IMPORTS OF AMERICAN PETROLEUM (REFINED) INTO JAPAN. 

Year ending June 30—. Gallons. Dollars. Years Gallons. Dollars. Years Gallons. Dollars. 
ISTDA. sia Sos Dare 41, 470 91-150 Wi t8Tbs cane ans see ae ad aetes 2, 826, 636 B78, O71 NASIR. cee. tetas Venere 5, 524, 604 1, 115, 162 
phy EEC ee es 1, 000, 959 $80; 598 I 1876.22 o no, ooo p catwenae 3, 151, 639 520, S87 ill 1870. setewcpceecuecs rane 17, 721, 645 2, 557, 509 
aby EWS BLP act doris esac 1, 291, 180 S06 728 ii TST seecs cement aaeltetane 3, 304, 926 599; O66 ft 18802 coco 6 ss. cce cs cemcce 17, 923, 499 1, 8038, 555 

/ Total neencconcmenes'ee 52, 745, 088 7, 807, 572 

















* First importation. 
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CHapter VIII.—THE BIBLIOGRAPHY OF BITUMEN AND ITS RELATED 
SUBJECTS. 


An examination of the literature of petroleum shows that the subject is properly treated as a portion of the 
general subject ‘“ Bitumen”. It is impossible to separate it from asphalt, maltha or mineral tar, rock oil, earth 
oil (German Hrdél), naphtha, coal oil, and parafiine. These several subjects are also treated as pertaining to history. 
geology, chemistry, technology, commerce, and statistics, and often in such a manner as to render a separation 
impossible. In ascertaining what articles have appeared in different periodicals, the indices have been searched 
for ‘‘Asphaltum”, “ Bitumen”, “Gas”, “Hydrocarbons”, ‘ Maltha”, “Mineral tar”, ‘“‘ Naphtha”, “Oils”, ‘‘Paraffine”, 
and “ Petroleum”, with their equivalents in other languages. 

Two attempts have previous'y been made to. prepare lists of books and of periodical articles relating to this 
subject. Professor Paul Schweitzer, of the University of Missouri, published his list, in 1879, in connection with his 
pamphlet on petroleum. Another was prepared in the East Indies, in 1875, by Mr. Benjamin S. Lyman, but was 
not published. This latter list of titles has been placed in my hands, and has been incorporated with my own 
work, the 175 titles being distinguished by printing the authors’ names preceded by an asterisk. Professor 
Schweitzer’s list was not prepared in such a manner as to admit of such incorporation, but for the most part his 
titles will be found in the present list. 

In submitting this list of titles to my fellow-workers in this field, it is not claimed that it is either complete or 
free from error. Mr. Lyman’s titles were transferred, and many of the others are quoted without being verified ; 
but, so far as has been possible in the time at my command, the work has been proved correct. Only titles to 
articles of exceptional value have been inserted when the authors are unknown. This, of course, excludes a large 
number of editorial notices, both good and bad, that are found in reputable scientific journals, as well as in newspapers. 
I have endeavored, however, to include what is of material value. 

So far as I have been able to do it, I have inserted the title to a work in the language in which it was originally 
written, and I have also endeavored to insert the reference to the work in which the article first appeared, as the 
first in the list of references. I am aware, however, that in a few instances I have not met the original articles, and 
that the titles appear translated into other languages. The material was all collected in the course of the preparation 
of the report, and only required the labor of arrangement to put it in this form. 
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ABBREVIATIONS. 






































ATG. et P. Annales de Chimie et de Physique. L. J. G. L. London Journal of Gas Lighting. 
AG uP; Annalen der Chemie und Pharmacie. L. u. B. J. Leonhardt und Bronn Jahrbuch. 
oder P. Archiv der Pharmacie. Mem. A, A. Memoirs American Academy of Arts and Sciences, Boston. 
A. J. Ph. American Journal of Pharmacy. M. P. L. S$. Proceedings of the Manchester Philosophical and Literary 
‘Ab Js. Ss American Journal of Scienceand Arts (Silliman’s Journal). Society. 
Am. C American Chemist. M. Sci. Moniteur Scientifique. 
Am.J.G.L American Journal of Gaslighting. N. E. P. J. New Edinburgh Philosophical Journal. 
An. G. C. Annales du Génie Civil. Nodeb ds Neues Jahrbuch fiir Pharmacie. . 
An. M. Annales des Mines. NZ. Bol Nene Zeitschrift fiir Riibenzacker Industrie. 
Az Of Annals of Philosophy. Oest. Z. f. B. u. H.Oesterreich. Zeitschrift fir Berg- und Hiittenwesen. 
FAS Sos Annual of Scientific Discovery. Pp, A. A. A.S. Proceedings of the American Association for the Advancement 
B. D. C. G. Berichte der Deutschen Chemischen Gesellschaft zu Berlin. of Science. 
B. I. u. GbL Bayerisches Industrie- u. Gewerbeblatt. P. A. Ph. A. Proceedings of the American Pharmaceutical Association. 
B. N. A. W. M. Bulletin of the National Association of Wool Manufacturers. PA. Pos. Proceedings of the American Philosophical Society, Philadel- 
Baie Cue Bulletin de la Société Chimique de Paris. phia. 
B.S. @E. Bulletin de la Société d’Encouragement. Pp. B. A. A.S. Proceedings of the British Association for the Advancement of 
B.S. G. FE. Bulletin de la Société Géologique de France. Science. 
B. u. H. J Leobener Berg- und Hiitten-Jahrbach. PO RAS Be Proceedings of the California Academy of Science. 
(Bealls aes Berg- und Hiitten- Zeitung. P. G. S. Proceedings of the Geological Society, London. 
Bull. A.L. St. P. Bulletin de l’ Académie Impériale des Sciences de Saint-Péters || Pharm. Cbl. Pharmaceutisches Centralblatt. 
bourg. Pind. Pharmaceutical Journal, London. 
C. CbL Chemisches Centralblatt. PLC. EH; Proceedings of the Institution of Civil Engineers, London. 
C. Ind. Z. Chemische Industrie-Zeitung. 1a Philosophical Journal. 
C. N. London Chemical News. Pes Philosophical Magazine. 
. Nat. Canadian Naturalist. Pog. An. Poggendorf’s Annalen der Physik. 
C. Rk. Comptes-Rendus des Séances de |’ Académie Frangaise. Poly. CbL Polytechnisches Centralblatt. 
C. Z. Chemische Zeitung. Poly. Nbl. Polytechnisches Notizblatt. 
Dra IGA: Deutsche Ilustr. Gewerbe-Zeitung. Pen Proceedings of the Royal Institution. 
D. Ind. Z. Deutsche Industrie-Zeitung. P. B.S. Proceedings of the Royal Society. 
Dingler. Dingler’s Polytechnisches Journal. Pi Ss. Popular Science Monthly. 
EK. M.W.S English Mechanic and World of Science. hee Philosophical Transactions of the Royal Society. 
Eng. Engineering. Q. 3.4.8 Quarterly Journal of the Geological Society of London. 
¥F. Gztg. Firther Gewerbezeitung. RCA. Repertoire de Chimie Appliquée. 
G. Ind. Génie Industriel. R. I Revue Industrielle. 
H. Gbl. Hessisches Gewerbeblatt. Ba. SE Revue Universelle des Mines. 
Hiibner’s Z. Hiibner’s Zeitschrift fiir die Paraffin-, Mineralol-, und Braun- |) Sci. Am. Scientific American. 
kohlen-Industrie. 8S. M. & Sci. P. San Francisco Mining and Scientific Press. 
Ind. B. Industrie-Blatter. Sate Schweiz. Polytechnische Zeitschrift. ‘ 
Int. Obs. Intellectual Observer. T. A.I.M.E. Transactions of the American Institute of Mining Engineers. 
J. A. S. B. Journal of the Asiatic Society of Bengal. oh Wag pt 2 Yep 2: Transactions of the American Pharmaceutical Association. 
J. C.S. Journal Chemical Society of London. T. G. S. Transactions of the Geological Society, London. 
A id AB Journal of the Franklin Institute. T. P: 8. E. Transactions of the Pharmaceutical Society (English). 
Pe aed eat Le Journal fiir Praktische Chemie (Erdmann’s Journal). Trans. Am. P.S. Transactions of the American Philosophical Society. 
J. G. B. Journal! fiir Gasbeleuchtung. Trans. R. §. Transactions of the Royal Society. 
J. K. K. GR. Jahrbuch der K. K. Geologischen Reichsanstalt. W. Bz Wagner’s Berichte. 
J.S. A. Journal of the Society of Arts. Z. A. C. Zeitschrift fiir Analytische Chemie. 
L’A. S. et L L’ Année Scientifique et Industrielle. Z. A. O. A. Zeitschrift des Allgemeinen Oesterreich. Apotheker-Vereins. 
Le Tech. Le Technologiste. ZC. Zeitschrift fiir Chemie. 
. The few abbreviations of the titles to other journals are extended so as to need no reference. 
BIBLIOGRAPHY OF PETROLEUM. 
SN 
Date. Name. Subject. Reference. 
B.C. | 
Circa 450 | *Ctesias ............---------- ws eeeeee Gas in Karamania .......-....... elsininmncie nseaits sectes = Fragment (ed. Bachr.), cap. x, p. 250. 
Circa) 450. | *Herodotus 2 =.--~ nce e econ eee i, 2, LOD Gasca ome se amet eae ean ccnere eae Translated into French in B.S. G. F., xxv, 62. 
Circa) $350; |'*Aristotle:.-22c.ca- ase cece eee eee Albanian bitumen; in De mirabilibus auscultationi- | Translated into French in B.S. G. F., xxv, 25. 
bus, chap. exxvii (Ed. de F. Didot, 1857). 
Circa, 25) “Diodorus Siculus 22... eee eae Dead Sea bitumen; t.i, 1. ii, cap. xxix. Hist. Univers., | Translated into French in B.S. G. F., xxiv, 14. 
t. vi, 1. xix, cap. xxv. 
Circa 25 | *Strabo..........-- aides pion toa cee eae vi, 763; xvi, ¢.2; ¢. 12; French translation, 1, xiv, p. | Translated into French in B. S. G. F., xxiv, 13. Geogra- 
665, Casab. phie, 1812, iii, 8. B.S.G.F., xxv, 20. . 
Circa 7 925)) eVitril vids cerns < soren sree ee enenaaeeee RDS Wil ORD. Sacu semaines ei Ser eee eee ..---| Translated into French in B.S. G. F., xxv, 50. 
A.D. 
Circa 25° | *Semecs 2.558 Ws aia aia a mae cimin wi min ye gerne ee ene Nl Ret ere Epist. 79, § 3. Ed. Ruhkopf. 
Circa: 650" | Pliny 252s ces adeeemeneee ee ase teers INH. ibs a1 $06s vil, 13): libssxxwee aces ee ee Quoted in B.S. G. F., xxv, 21. 
Circa”, .661)*Plotarche-c.ceenessctee tee eee Albanian bitumen; Life of Sylla...................-. Quoted in B.S. G. F., xxv, 22. Sir Thomas North’s trans- 
lation, ed. 1631, p. 702. 
Circa 80") *Lacitts> <2 .227.ced ocomecosss= Jc sae| on cate ee pee Ema eees ans Ws tee sae ens ee ees Hist., v, 6. 
Circa 100)) *Josephus ceseess-oeseee ene aes “dale tae mh Orclgem ths phere eee a nici en ec H.J., iv, 8, 4. 
Cirea /120"||)* Acliani. 2oceee ee eceen toe ae rh lua wane Albanian bitumen; Variz historia, lib. xiii, §16 ....-- Quoted in B.S. G. F., xxv, 21. 
Circa) 200’ | * Dion Cassius. ...-snesesnese ane seees Albanian bitumen ; Roman. Histor., l. xli.....-...-.-.. Quoted in B.S. G. F., xxv, 22. 
Circa 225 | *Philostratus .....-. dle boaclguc sate aaaiea/ai| vim anlaee'sapine cae'scialecinn tele aeisins eames sot reata terete Meets eats Appollonius of Tyana, I, 17. 
Circa 1300 | *Polo, Marco .....-.. ciel aamenaawee Book Ul Ch. Hi neces. ccerensccask sere enn sewease canes (Voli, p. 46, of Col. Yule’s edition, 1871.) See also note 
in Marsden’s edition. 
Cirea(1326)| *A bulfeda G-225-- =n s-na-neeeeee ee seme Dedd sea (asphalt) --2c.0ccuc cececutennacjare ss ansenes t. ii, 1" partie, p, 48. (Trad. de Rainand et de Slane). 
Circa 1360 | *Mandeville. 
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BIBLIOGRAPHY OF PETROLEUM—Continued. 











‘Circa 


Circa 


Circa 


1817 


1817 


1820 
1820 
1820 
1820 


1820 
1820 
1821 


1822 
1822 
1823 


1824 
1824 
1826 
1828 
1828 


1829 
1830 
1830 
1830 
1830 
1832 


1832 
1833 


1833 


1833 


1833 











Subject. 


Reference. 





PIER DEIOU RL) ware aise talon eae jena wis 
*Kempfer 
PIS TUE VI Ss occas pele canta n os 23 


Serre eee eee eee 


*Hanway, Jonas 
*Bianconi (G. L. ?) 


ewww ewe ees cose es cece ne -- 


eee ee wee eee eee ens wee e ee een eee 


ER OOLON VAL. = atatatetete dsit wets l= ciarirao) = 
Symes Michel. s5-ceasesis cuisine <'s 
Cox, H 
Kao, Dionysius 
*Lutzen, M. J 
BEE MUUGIN Sc cae cos teceee sco ehi- seme o 


Aikin, Arthur 


Bright, Richard 
Nag Ont, NICHOIAS 224. a2 ons os oss = 
PIVEOTIOD vals eiels see sje ais © vicieloi=siaies siecinmie vee 
INI Ely ME os cu cise eee en we eas eee es 
Clinton, De Witt 


Baussure. CEO. COs -<.--5pdeew Boast ccc 


BAUSHUTG, LNGOs COsane oniseceee es esnc<< 


PBORULOLG san sno ees ese a eecesc ass acts case 
Buchner 
Holland, Dr 
*Pouqueville, F......-.- MeN ASeo oe 


MABSSITO tL NOON OO snrctae orcearepieie ein chistes 
Thomsen, Dr 


Edited from travels of Foster, Han- 
way, Reiberstein, Cook, Kinnier, 
and Hiram Cox, and from a payer 
by J. J. Virey. 


*Burckhardt 
LORD VP OCNTOM es a ac's)s.ais « sataw nin <2 eo 
Knox, George 


*Keppel, G 
Sem CHIT DM re. arent Stee ce 2 Selo 
*Crawtfard, Johbn.......-..2- 
Boussingault, J. B 
Henry, M.,jr 


See ee es 


HAL eMLa ens cic ctas acs fecicisces esse aie 
Johnston, J. F. W 
Murchison, R. J 
Reichenbach, Dr. R.v ......... 


DUAR eres te ceeteaweec sco dchce-s. 


Gay DHsate esse ants ome 210s vic 
Alexander We Hocvesese. ceewaieds -.-22-. 


BaGk, CAPU aval a setae ote tac ace ae 
Hildreth, Dr. S. P., Marietta, Ohio.... 


Laurent; AUgUste;.c.-ctw-: ss. -s+00se 


.| Journal of an embassy to the court of Ava..-...-..--. 


.| Beitrige zur niheren Kenntniss der trockenen Destil- 


| Recherches sur les combinaisons de l’hydrogéne et du 





Letter of J oseph de la Roche D’Allion, on petroleum 
springs of Pennsylvania, dated 1629. 


Baku oil 
Asphalt 


Dissertation sur l’asphalte ou ciment naturel, décou- 
vert depuis quelques années au Val de Travers, etc. 


Bakwioil, Pce xc sosleus vac aeerase otis na cnc oeeoae epee ceed 
Mud volcanoes 
Natural history of Barbadoes..-.-.-........-----..---. 
(Prinidad hitumen sen acs eswcls alas sae wesc cet memnbien ecaue 


Travels in North America, with map locating springs. 


Beschreibung der in Tirol iiblichen Art das Stein6l 


zu bereiten. 
Baku oil 


Embassy to the court of Ava.....-.........----.-.--- 
Oil in Burmah 
Rock oil of Shansi, China. 
Dead Sea asphalt. 
Chittagong oil gas 


Observations on the Wrekin, and on the great coal- 
field of Shropshire. 


On the strata in the neighborhood of Bristol...--...--. 
Account of the Pitch lake of the island of Trinidad .- 
Baku oil 
Baka Gu Oteteeeereerc assem. = sos tela cobs ene acnies sae 
DONECA OM Saas care sisjeeees aes ween Seas witina sie wlaeoem au 


Recherches sur la composition et les propriétés du 
naphte d’Amiano, dans les états de Parme. 


Procédé pour dépouiller le pétrole de Travers et quel- | 
ques autres huiles minérales de leur mauvaise 
odeur. 


Gas in Karamania 
(Para tiDons auietee onisics ome avairie a= a a Sasi aaieislaian aoe <'esict 
Albanian bitumen 


Albanian bitumen: Voyage en Gréce, 1820-'22, t.i, p. 
271 


PP Beit tin Gay = trates ote sree ea ome la elas mala! aiaminre Cini aieels <tr 
Properties of native naphtha...........-.......------ 
Naphtha springs of Baku and Pegu 





Dead Sea asphalt 
Oil, Barbadoes tar and munjack 
Bitumen and other volatile ingredients in stones...... 


Baku oil 
Note sur le bitume contenu dans les mines de soufre. 


Congtitation of bitiimensa. o.sss-us se cee esc nates ese 


Comparative analysis of the elastic bitumen of Eng- 
land and France. 


Petroleum im Kentucky- 225s. ossss esses ese dees ema se 
Specific inductive capacity of naphtha............-.-- 
Composition of elastic bitumen-.......-...-...---..--- 
The bituminous schists and fossil fish of Seefeld 


lation organischer K6rper. 


carbone. 
Analyse. de la paratine.. .) soc... ese <nnnrign= ne mmmnci 


Notice regarding the Asphaltum or Pitch lake of 
Trinidad. 

Account of the route to be pursued by the Arctic 
land expedition in search of Capt. Ross. 


Observations on the saliferous rock formation of the 
Ohio. 








Sur les schistes bitumineux et sur la paraffine.....--. 


| Histoire du Canada. 


‘“Some Years’ Travels,” 1638. 


| New account of East India and Persia, nine years’ 


travels, 1672-1681, p. 318, 
Bibliothéque Orientale, sub voce: Hit, 1697. 
Ameenitates Exoticw, 1712, p. 274, ete. 
Paris, 1721. 


1734. 
Storia naturale dei terreni ardenti, 1746 (?), p. 24. 
London, 1750, p. 50. 


Description of Orinoco, published originally in Spanish 
and translated into French. 


Originally published in Swedish, but has been translated 
into English. 


Abhandlungen einer Privatgesellschaft in Béhmen, v, 
333, 


1784, p. 262, note; Second Journey, p. 24. 
Mass. Magazine, i, 416; Am. C., iii, 174. 
East Indies, 1791. 

London, Bulwer & Co., p. 261 et seq. 
Asiatic Researches, vi. 


Account of an embassy to the court of the Teshoo 
Lama in Thibet, 1800. 


TG. S) (1), 1 195. 


T.G.S. (1), ii, 199. 

T.G.S. (1), i, 63. 

Journey through Persia, Armenia, etc., 1812. 
Geographical Memoir of the Persian Empire, 4°, 1813. 


An introductory discourse delivered before the Literary 
and Philosophical Society of New York on the 4th of 
al 1814, by De Witt Clinton, LL. D., New York, 
1815. 


“ake et P. (2), iv, 314-320; London Journal of Science, iii, 
Ts 


A.C. et P. (2), vi, 308. 


Survey of the coast of Karamania, 1820, p. 24. 
Repertor. fiir Pharmacie, 1820, p. 290. 
Travels in Albania and Greece. 

Quoted in B.S. G. F., xxv, 22. 


Bibliothéque Universelle, iv, 116. 
Journal of Science, ix, 408. 
P.J., v, 22, 26; Jour. de Pharmacie, vi, 209. 


Travels in Syria and Palestine, 1822. 
A.J.S. (1), v, 406. 


P. T., 1823; A.J.S. (1), xii, 147; P.J., ix, 403; A. C. et 
P. (2), xxv, 178, 180. 


Journey from India to England, 1824. 

A. ©. et P: (2), xxv, 50; P.J., xi, 411. 

London, 2vols., 8°, 1834, i, 93; ii, 23, 178, 206, 238. 
P. J. (2), ix, 487. 

A.J.S. (1), xiv, 371. 


Nile’s Register (3), xii, 117; xiii, 4; Dingler, Ixii, 159 
P. J. (2), xiii, 423. 

P. J. (2), xiii, 22. 

Phil. Mag. (n.s.), v, 19; L.u. B.J., 1830, p. 125. 


Schweigger-Seidel, lix, 436; lxi, 273; lxii, 129; A.C. et 
P. (2) L, 69; N. E. P.J. (2) iv, 402; Jour. fiir. }konom. 
Chem., viii, 445. 

A. C. et P. (2), L, 182. 


A.C. et P. (2), L, 78; P.J. (2), ii, 173. 
J. EL, xv, 337; N.E. P.M. 


Jour. Roy. Geograph. Soc., iii, 65. 
A.J. S. (1), xxiv, 63. 


A.C. et P. (2), liv, 392. 
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BIBLIOGRAPHY OF PETROLEUM—Continued. 





Subject. 


Reference. 








Date Name. 
1833 | Silliman, Ben j\AMIN oe ceca cele ein eeisie 
1234 | *D.A0ust Virletieccs.ccnsceeecees eres: 
1854") Michwaldeovesccescesadeces-s erases ee 
1884 | Reichenbach, (Dr, RR. Vc... «<5eeeaes 
1885: PHOBS Erie scien wleteist= ete viata Seale late ater 
18355)! *Detvonnei ccs <.cons woes comico es 
18365 -\) ROZet Mester hohe cee cases. Beek weeere 
1835 | *Gregory, William: .22- > 25. sesee tees 
1836) |, +*@allier: Capts..- J. <mentcane. ceeeaers 
1836: |.*Ganeto, Liabbes-. nossc.oteacmeet sees 
1836 | DAVIS Jt Hacc. cccicseew ence eee eee 
1836 | Hildreth, Dr. S. P., Marietta, Ohio.... 
E8867} PrigstwiGh i) ijl saniwiselsssenieeitene =i 
1836) Reichénbach,-Dr.-ReViewcest cera aee = 
1836 | *Strickland, H. E .............+--e-+-- 
1837 | Boussinganlt, ds Besson sese ancl ces 
1887 | Lanrent, Angustee-s sceesceves tree. 
1887"); Moore & Beck wace.. sa acne cee eres 
1837), @Schubert.c-.22.5-ccenuee ees e en een 
1837 | Taylor, Richard C., and Thos. G. 
slemson. 

1888 | Beaumontsbliode.csc.s ceeeeeeeeeeee. 
1898: BOtteers.sesc weds es sseubs see cemcenets 
1838) |)"Hamilton, Wirdcces.ssccneetewar eet wers 
1838 "J gokson, Ce Tusses cc ncene cota on eee 
1838) |) Paravey, Msd6s5........e0s- a5 eeaee 
S38 1S tea cha awee en/adcispih's,bic. <m'e's es meenaee eine 
1838 Niceeeeamon ccbueeeee nce somtmawenaep eam 
1830.4 Bertniens Pe. 4) seo caccneee cn aeons 
1839 | Carpenter, William M................ 
1839 | Carpenter, William M.......-........ 
1839 || Fournel ie oerres scam sa aetcecsaeaee 
1839 | Glocker. Ey Biseecceas coe oe8 cance ee Bee 
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Notice of a fountain of petroleum, called the Oil 
Spring. 

Nouvelle note relative a l’origine des bitumes 
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On the composition of Rangoon petroleum 
Dead Sea (asphale?)---. <> incon stccauinemecen erase cee 
Dead Sea (asphalt ?) 
Mud volcanoes and gas in China. ....-...-.-..-.---..- 


Observations on the bituminous coal deposits of the 
valley of the Ohio. 


On the geology of Coalbrookdale - 


Ueber Eupion und Berg-Naphta in Sabie auf die 1 
sichten des Herrn a Hess. . 


Sur Vhuile des schistes bitumineux: l’eupion, l’acide 
ampélique et l’ampéline. 


Dead Sea (asphalt?) cc... os... en cuae weasel 
Dead Sea (aspbalt?) 


Notice of a vein of bituminous coal in the vicinity of 
Havana, in the island of Cuba. 


Sources bitumineuses. Instructions pour une explora- 
tion scientifique de l Algérie. 


Méthode simple pour décolorer complétement sans 
distillation l’huile de pétrole du commerce. 


Geology of part of Asia Minor 
BituminiZation Of Pests cee santocdesunevacseeeueasecaires 


Sur les bitumes employés anciennement dans la Perse 
et les pays voisins. 


Perpetual fire of Baku 
Asphaltic mine at Pyrimont (Seyssel).. 


Analyse du caleaire bitumineux du Val de Travers 
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Miscellaneous notices in Opelousas and Attakapas ... 


Account of the bituminization of wood in the human 
era. 
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Sur lemploi de Vhuile de pétrole pour le traitement 
de la gale, dans le temps ancien. 
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Sur la dilatation des huiles. 


Asphalt, Bitumen, Erdél, 
aphta-Quellen, Petroleum. 


Erdharz, Naphta und 


On a new process for making gas for illumination 
from bituminous schists. 


Report on asphaltic recks of Val de Travers, etc 


Tubes bitumés pour la conduite des eaux et du gas 
d’éclairage. 

Pétrole sortant avec l’eau d’un puits artésien...-..... 

Dead Sea asphalt 
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Mud volcanoes 
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Use of bituminous cement in Europe and the United 
States. 


Note sur la composition de la paraffine................ 


On ‘‘Indurated Bitumen” in cavities of the trap of the 
Connecticut valley. 
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Asphaltum near Iskardo 


Dead Sea asphalt 


On the occurrence of bituminous or organic matter in 
several of the New York limestones and sandstones. 


Geology of the salt range (Punjab) 


Fire wells in China and bamboo gas tubes at Khiung- 
tschen. 


Petroleum springs 
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Sur le point d’ébullition des hydrogénes carbonés . .-.. 
Assam petroleum beds 


Dampf- und Gasquellen, Salsen, Schlamm-Vulcane, 
Naphta-Feuer, 


Bitume provenant des puits forés chinois qu’a décrits 
M. Inbert. 
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Bitumen of the Athabasca river 
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Asphaltes et naphtes; considérations générales sur 
lorigine et la formation des bitumes fossiles, de leur 
emploi, etc. 
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On a vein of asphaltum at Hillsborough, Albert co., 
NSB: 


Preliminary Geological Report of the U.S. P. R. R. 
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Punjab oil springs 
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Bitumen, naphtha, and petroleum 
Ueber den Asphalt aus dem Kanton Neuenburg 


Petroleum in Persia 
Petroleum and gas 


Cuban oil 
Derbyshire oil and bitumen...............2022222-.00 
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b, Sea-level. 

c, Bituminous shale. 

d, Unstratified sand saturated with bitumen 
e, Soil. 

J, Well, recently commenced (1866), 


[Fic. 1—page 21.] 
Section of bituminous rocks on Bigg’s ranch, Santa Barbara Co., California, 


a, 
b, 
c, 
d, 





B, Solid bitumen. G, Sandstones and conglomerates. 


[Fic. 2—page 32.] 
Bitumen at Selenitza, Albania. 
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[ Fic. 3—page 63.] 
Old oil springs, Paint creek, Johnson Co,, Ky. 


“9 
Ry ccs aUipet 
se 





[Fic. 4—page 63.] 
Section on Little Paint creek, Johnson Co., Ky. 





[Fie. 5—page 63.] 
Crows’ Nest, on Paint creek, Johnson Co., Ky. 
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Plate XI. Monograph on PETROLEUM. 
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b, Shale. e. Well on Ojai ranch. g. Big spring on Ojai ranch. 


[Fic. 6--page 68.] 


Section through Sulphur mountain and Ojai plateau, Ventura county, California. 
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S. W. Schodnica. Buchow. Horodyszeze. 
Mraznica. Boryslaw. 
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[Fic. 7—page 72.] 


Section from Boryslaw to Schodnica, East Galicia. 

















A, Slates. B, Asphalt. C, Breccia. 
[Fic. 9—page 73. ] 
Bitumen in Albania. 








it's A, Slates. 3B, Pisolithic bitumen. 


[FiG, &—page 72.] [Fic. 10—page 73.] 
Section of vein of asphaltum near Havana, Cuba. Bitumen in Albania. 


A, Slates. B, Reticulated bitumen. A, Slates. B, Bitumen. B, Bitumen. 
G, Sandstones and conglomerates. G, Sandstones. G, Conglomerate. 
{Fic. 11—page 73.] { Fic. 12—page 73.] {Fic. 13—page 73.] 
Bitumen in Albania. Bitumen in Albania. Bitumen in Albania. 





A. Pelion KOs TE) BOR SNES 
(Fic. 14—page 73.] 
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A, Slates, 90 meters. 

. B, Conglomerate, with halls of bitumen, 3 meters. 

C, Yellow sandstone, with bivalves, 2 meters. 

D, The great mass of bitumen, 45 ineters. 

_ E, Yellow sandstone with cardium edule, 2 5 meters. 

F, Alternating sandstones ani conglomerates, with balis of bitumen, 3.6 meters. 
. G, Conglomerates and sandstones, 60 meters. 
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Bitumen in Albania. 
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[Fic. 15—page 79.] 
Foundation timbers for rig. 
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[Fic. 16—page 80. ] 
Side elevation of derrick and engine 














Plate XV. 





nograph on PETROLEUM. 















































a 














(EA ESLR Se Qs 
































26 201510 5.0 25 60 ie) 100 INCHES 





| Fic. 17—page 80. } 
Horizontal projection of derrick and engine. 
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Plate XVI. 
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(Fic. 18—page 80.] 
End elevation of derrick, 
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[Fic. 19—page 81.] 
Inside view of derrick at night, showing use of temper-screw and derrick light. 
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Plate XVIII. 





















































[Fic. 20—page 81. ] 
Eight-inch bit, 1-12 natural size. 


36" 






































"Fic. 21—page 81.] 
Five-and-one-half-inch bit, 1-12 natural size. 
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[Fic. 22—page 81.) [Fic. 24—page 81.] 
Auger stem. Sinker bar. 
I-12 natural size. 
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Plate XIX. 
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(Fic. 25—page 81.] 


Rope socket, 1-12 
ratural size. 
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Ring socket, 1-12 
natural size. 





Closed. Open. 
cand d, cross-sections 


[Fic. 23—page 81.] 
Jars, 1-12 natural size. 



















’ 
\ 
® 
. 
& 
4 > 
| 
, Pi 
\ 
_ al Ji i ca » 
bist Saat > a ; 
9 =. i o3' 
Fee 
; rayne » : oP iu 
Vera sty oF IETS 
‘ 
; 
/ 
r) oe 
‘ 
‘ 
-) 
: ' 
' 
al * 
7 
ti 
t 
; 
‘ 
; is 
‘ 7 
: ‘ 
4 
4 ov ¢ % 
p hy Lh ae iv > - O my's) ~s bd Dar 
4 termes ae | aly, 
‘7 ie Ww iu i Gl nie m7 ; Pur, tee: Me 
ot : ‘ ae j iP im a ae ‘ h oe Z 
as 7 ie : oe Ti r 
'Z wb ,.% J , i tt : a 7 ; 7 
% a Pad \ wae 
on , 
‘ %) ad ig ry : PE e Sy ee 
: Pe ; 4 —? Bnet en tba ed) 
1 ie : ioe « ' ak fe Pe 
nt , oe a 7 
= id » ‘ 
ie 
fe ’ 5 ~ 
ra Pa Ay , ay! ne 
ute; Pet as eA . ont = i 
7 ’ a a Pe ee ee ae a aR) a | a aly ‘ 


Monograph on PETROLEUM. 


Plate XX. 


















































9— page 81.} 


























uO,” 


[Fic. 28—page 8&1.] 
Wrench, 1-12 natural size. 
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[F1c. 30—page 81.] 


Eight-inch reamer. 


[Fic. 26—page 81.] 


Temper-screw. 
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[Fic. 31—page 85.] 


Torpedo before explosion, 
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[ Fie. 32—page 87.] 


, 1861—wooden conductor. 


section of pumping well 


Cross- 
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[I'1G. 383—page 87.] 
Cross-section of pumping well, 1868—cast-iron drive-pipe. 
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[ Fic. 34—page 87.] 
Cross-section of pumping well, wrought-iron drive-pipe, 1878. 

















R SSS yw 
ON DRIVE PIPE 6 INCHES 








[Fic. 35—page 87.] 
Cross-section of flowing well, 1880. 
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[Fic. 37—page 162.] 
Lateral vertical section of cylindrical still. 
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[Fic. 38—page 162.] 
Transverse vertical section of cylindrical still. 
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[Fic. 39—page 162.] 
Horizontal section of cheese-box-still setting, 
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[Fic. 40—page 162.] 
Vertical section of cheese-box-still setting. 
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. {Fic. 41—page 162. | 
) Section of condensing drum, 
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[Fia. 42—page 162. | 
| Section of steam-pipe for still head. 
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| [Fic. 43—page 163. ] 
| Diagram showing arrangement for distributing distillates. 
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Horizontal section; A, Mixing apparatus; b, Filtering apparatus. 
[Fic. 44—page 174.] 


Ramdohr’s paraffine filtering apparatus. 
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(Fics. 46 and 47—page 175.) 
Ramdohr’s charcoal pulverizing drum or cylinder. 
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Vertical section; A, Mixing apparatus; B, Filtering apparatus. 
[Fic. 45—page 174.] 
Ramdohr’s paraffine filtering apparatus. 
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(Fic. 48—page 223.] [Fic. 49—page 224. ] {Fie. 50—page 224.] 
Salleron- Urbain tester. Tagliabue’s open tester. ; Saybolt’s tester. 
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[Fic. 51—page 224.] (Fie. 52—page 224. ] [ Fic. 53—page 224. | 





Abel’s tester. Tagliabue’s closed tester. Tagliabue’s closed tester. 
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{ Fic. 54—page 224.] 
Parrish’s naphtometer. Engler’s tester. 





| Fic. 56—page 225.] 
Engler’s tester. 














(Fic. 57—page 250. ] 
Vertical section of Eames’ petroleum furnace. 
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Coal, Salt, Oil, ete., Company, with a geological 
report. 
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elxxxiii, 253. 
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ES67s Orr Hector-s- cccess «25 protests: PStrOlennyY LNG) ae need sonics ones oe ee cra metre J. F. 1. lxxxiv, 27. 
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Te0tier GOK Nam, Sukh esse ase see es eeeee ease On a new apparatus for technical analysis of petro- | A.J.S. (2), xliv, 280; C.N., xvi, 199; W. B., 1867, p. 725; 
leum and reindved substances. Z. A. C., 1868, p. 358. 
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Name Subject. Reference. 
ROWILGY dicceceh aeecaiscesecke ee een sami Zum Hirten und Bleichen der rohen Paraffins .....-.. Mech. Mag., 1867, p. 169; Dingler, clxxxvi, 159; Poly. 
| Chbl.,1868, p.78 ; D.1nd. Z.,1867,p.488 ; W. B.,1867, p.727. 
*Silliman) 3,30. «et saessaeme cele esente On naphtha and illuminating oil from heavy Califor- | A. J.S. (2), xliii, 242; C. N., xvii, 257; San Francisco 
nian tar (maltha). Bull., April 3, 1867; B. S.C. P., 1868, p. 77. 
Simomis, Wine oeteeoas see eee eee Industrie der Mineraldle in Frankreich..........----.| M. Sei., 1867, p. 599; C. N., 1867, p. 313. 
Soulié, Emile .-...-. S3 Shonda Jeon Note sur les essais faits en vue d’appliquer le pétrole | An. G.C., 1867, p. 164. 
aux chauffes des chaudiéres A vapeur. 
*V erohere, Aco en na caseeee onan elee eee Punjab Oil 2 asec ese aces eee ania /aias opiate sinie = oiminteds J. A.S. B., 1867, Part 3d; No. I, p.13. 
Wagner, Rudolph +2. --c.enceceee ees Ueber eine hydrostatische Priifungsmethode des | Dingler, clxxxv, 72. 
Bienenwachses auf Paraffin. 
*Warren, C. M., and F. H. Storer ...... Naphtha from Rangoon tar .........------------+---+: Mem. A. A. (n. 8.), ix, 208; A. J. S. (2), xliii, 257; J. f, 
P.C., cii, 441; W. B., 1867, p. 724. 
Warren, C. M., and F. H. Storer .-.-.-.- Naphtha from lime soap ........--.-.-.-2----2---e--e- Mem. A. A. (pn. 8.), ix, 177; A.J.S. (2), xliii, 250. 
AW itn Ve dD oe eee emer mera On the fresh-water infusorial deposits of the Pacific | P.C. A.S., iii, 319. (Origin of petroleum.) 
coast, and their connection with the volcanic rocks. 
SUS bo Se ees Ob aun Ban cetera cee he oe Die Anwendung von Mineralélen zum Maschinen | Deutsche Ausstellung-Zeitung, 1867, No. 71; D. Ind. Z. 
Schmieren. 1867, pp. 396, 417. 
BR NSEC or Ene Ret Leese acer creer: Bericht iiber die Durchforschung des Naphta-Dis- | Tiflis, 1867. 
tricts im Trans-Kuban Gebiet und auf der Halbinsel 
Toman im Sommer 1866. 2 
SpoeEa 35 Ue Nae Saager eenena aor enaeees Ueber die Bergél-Gewinnung in Oesterreich .......-.| Dingler, clxxxv, 164; Berggeist, 1867, No. 53. 
A Gams iW 2b seca casenscce ssemasecciae Oni Liqyaidl Pee) este sw ee aera lata ole aicreeie ain hme aerate J.S.A., xvi, 482; R. U. M., xx, 204. 
Allen, T. See Z. Allen, 1862.......-.. Sur les propriétés explosives des huiles minérales ....| B.S. d’E., 1868, p. 433; D. Ind. Z., 1868, p. 437; Poly. Nbt. 
1868, p.3 44; H. Gbl., 1868, p. 386; Rep. Smithsonian 
Inst., 1862; W. B., 1868, p. 729. 
| Audonin. Paull.ce--.sc=<--as5 pppoe s50~ Application des hydrocarbons liquides (pétrole, ete.) | A. C. et P. (4), xv, 30; Dingler, exci, 28; W. B., 1868, p. 
4 Vobtention des hautes températures et au chauf- 796. 
fage des machines 4 vapeur. 
Bechstein, MG lasses se tan se eae te eae Le pétrole employé dans le travail au tour des mé- | Le Tech., xxx, 390; R.I., xxx, 11. 
teux et alliages trés durs. 
Berthelot, M @esi.sssececseaceenesesee Méthode universelle pour réduire et saturer d’hydro- | C. R., lxiv, 710, 760, 786, 829; M. Sci., 1868, p. 758; J. f. P. 
géne les composés organiques. C., p. 103. 
BertheolotyOices c-ce cece teres luce sien ee Sur la matiére charboneuse des météorites.......-.--- C. R., lxvii, 849; J. f. P. C., evi, 254. 
*Bjorkland, wook.nonecessaeee as eeeene Ueber das Vorkommen von Petroleum und Ozokerit | Bjérkland Pharm. Zeitschrift fiir Russland, 1870, No. 2; 
im Russischen Reiche. C.N., xxi, 203; W. B., 1870, p. 703. 
Boileau, Ganldréer.=--cosss-ce5- cence = Mémoire sur les pétroles du Canada...-....---..----- An. M. (6), iv, 105. 
Chevalier, Miiceerceekacenesacaansteees Rapports du Jury international.........-...-.--..-.-- Paris, 1868, i, 85; in der deutschen Sprache, J. E. Horn, 
Stuttgart, 1869, p. 59. 
Copnist, Charleseessecceeseueence< sor Les huiles minérales au point de vue de leur emploi | Paris, 1868, 8°. 
pour le chauffage des machines & vapeur. 
) *Coquatid, EH mensneeecotesenes san socee Ragusa asphalt 555 o- sewsie eens se casblenmeeer eee =a temt B.S. G. F., xxv, pp. 420-430. 
| Crowther, Benjamin ......--...-..--- Petroleum ‘wells in’ Mexico---:cos-s6-sseccees weer ces A.J.S. (2), xlvi, 147. 
Danckwerth, Lijccsssenestac sss 2d cess Ueber die Wirkung des Petroleums auf die in den | Dingler, clxxxvii, 271; Poly. Cbl., 1868, p. 556; Poly. Nbl., 
Raftinerien desselben beschaftigten Arbeiter. 1868, p. 93; W. B., 1868, p. 733. 
* DAWSON) da Wiceede= eee eernas ===. Bituminous shales and petroleum........--..---..--.- Arcadian Geology, 2d ed., 1868, p. 248. 
| editorials. seca ee eeeee ec sear se Sur les huiles minérales employées au graissage des | Le Tech., xxx, 41. 
véhicules et des machines. 
| Fairman, E. St: Join=---.-------cscese Upon the discovery of springs of oil in Italy.......... Eng., xxv, 243 ; M. Sci., 1868, p. 519. 
* Foucou, MOlixoc + cosmatteeh eens ee Gisements de cing séries de gaz hydrocarbonés des | C. R., lxvii, 1041. 
roches paléozoiques de l’'Amérique du Nord. 
Gill, C. H., and Ed. Mensel............ On paraffine and the products of its oxidation ........ J. C.S., xxi, 466; B.S.C. P., xii, 289; Z.C., 1869, p. 65; J. 
f£. P.C., evii, 101; C. Cbl., 1869, p. 305; W. B., 1869, p. 685. 
Gordon}, Artinnn se se-e= ceases =e a Trinidod ‘petroleum <<. 7s-cs.ccoeaseees ce ancerioe aera J.S. A., xvi, 763. 
*Haner, V 00.2.2 2..-pasianoacenrcesnios Moldavian bitumen .-.-.....-.-. wen ee eee e econ ee eee eens eee Geologie Siebenbiirgens. 
Hinde, Joule H 2.02 -s.sescseesas see Essais sur la fabrication du gaz d’éclairage au moyen | An. M. (6), iv, 117. 
du pétrole. 
| Hirsch, Joseph. ...-..-...--.--.2---.-- On the distillation of hydrocarbons ..........-......-- C.N., xvill, 51: 
lj ineram' et Stapler-css=-<-s2-ee see erie Appareil pour essayer les huiles .-....-....-.....---.. An. G. C., 1868, p. 435. 
| J GUNCESOM 200s se eeeene eubem eee and Ueber Bestimmung in Betreff der Entziindlichkeit | Dingler, exc, 498. 
| der mineralischen Oele. 
ASa ee nC Le) Mc eter re aera otealeare ta eee eee Notice sur l’emploi des combustibles de l’huile mi- | An. G.C., 1868, p. 305. 
nérale pour le chauffage des navires & vapeur, etc. 
Kuap, Chiro op eames = sect eee ean Théorie de Ja formation de l’asphalte an Val de | M. Sci., 1868, p. 381. 
Travers (Suisse). 
Kollereliecasssesssenites ease cae ee Petroleum als Mittel zur Insecten-Vertilgung --....-. Dingler, clxxxix, 270. 
Lefebvre, Mug o: seseeeca-eoeeeeeras Sur quelques produits nouveaux extraits des pétroles | C. R., Ixvii, 1353; J. f. P. C., evii, 251; M. Sci., 1868, p. 
d’ Amérique. 116; D. Ind. Z., 1869, p.46; W. B., 1868, p. 725. 
| Lange, Dr--.----..... esate odseehas a Fabrique d’huile de paraffine de Young a Bathgate ...| An. G. C., 1868, p. 57. 
“Meyer Hw. cc esccecaeaeet = sete tensa Moldavian bitumen. 
} Momwety. Ms AS- 2.) se peeeeestepe *...e-...| Paraffine for oiling at high temperatures......-....... Cosmos; J. F.1., lxxxv, 83. + 
WN Otho eeeeee at cenace cen os Cee ae oan are Die Erd6él-Gruben in Bobrka bei Dukla in Mittel- | J. K.K.G.R., xviii, 311. 
Galizien. ’ 
WOU ACO piaesccees mena seeae nae Notizen tberHrdol-2 220s. «0. tees ee oe eeu eee Dingler, clxxxviii, 255; Poly. Cbl.,1868, p.919; W. B., 1868, 
p. 726. 
Ott, Adolph 2tesseansemecacsine BR onac Ueber amerikanisches Vulcan-Oel .-...........--..--- Dingler, clxxxvii, 171. 
Pan), B:'H in- fc esccpesssesnaemeee tase On liquid fuel 52. i vedssscecnp os accans= tears menos sees J.S.A., xvi, 400, 837. 
Peckham S.By.. 2 cess eece rst secre Notes on the origin of bitumens, together with experi- | P. A. P.S., x, 445; Rep. G. Surv. California: Geology, I; 
ments upon the formation of asphaltum. appendix, pp. 73-90. 
Peltzers Robert 22c20s-- pees osc eae Ueber die Entflammbarkeit verschiedener Destilla- Dingler, clxxxix, 61; J. ¥. L., lxxxvi, 333; F. Gztg., 1868, 
tions-Produkte aus Pennsylvanischem Petroleum, .71; Poly. Cbl., 1868, p. 1246; D. Ind. Z., 1868, p. 295; 
so wie aus Schieferél (essence de schiste). . B., 1868, p. 732. 
pe as the Secretary of the Navy | Combustion of petroleum on steamships ......-....--- | C.N., xvii, 224; M.Sci., 1868, p.521; W.B., 1868, p. 795. 
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hiehamisons Grdicwucesnace sncesencee pe 
Sainte-Claire Deville, H. E 


Sainte-Claire Deville, H. E., Dumas, 
Sequier, et Thenard. 





MOROLIOMMOGE, Ce 202 cess cccarececdeaces 


Verordung des kgl. Polizeiprisidiums 
zu Berlin vom 13 Dec. 1867. ; 


ee Se 


Fordred, J., F. Lamb, and C. Sterry -- 
OUCOUN LOUK aeece ccnnietie salem ee eee cat 


RLU D UOT MN ViahUsia clsletess oie ,s/s au gcicnin eis = a) 


Peckham, 8S. F 


Peckham, 8. F 


Report of the committee of the New 
York Board of Fire Underwriters. 


Sainte-Claire Deville, H. E., et C. Dieu- 
douné. 


| Sainte-Claire Deville, H. E............ 


Warburg, Emil 


MWCO Ot smeniet HsS'cicieie'sccinvinw ats oas< 


aU Cle Ms Vic ea ne's oma bie cteiste vere site 


IBOLgNelots Mivecoeesee cat saceosieetessife 


| Draper, Harry Napier 


_ Ernecke, A., und Hannemann 


1870 


1870 


1870 Hunt, T. Sterry 
TACO ATS, LOS ota a aoa ca ces Cece dees | 


1870 | Jugler, J 


| 


Binney, E. W 
Blass, J.C 


Burkart 


Colin, Edmond 
Daubrée, A 


Fouqué et Goreux 


Grotowski, L 


| On the testing of petroleum spirit 











Subject. 


Reference. 





On liquid) fuelse25. 256 ee en wee auc a cibest nas one 


Premier mémoire sur les propriétés physiques et le 
pouvoir calorique des pétroles et huiles minérales. 


Composition chimique des huiles de pétroles 


Researches on the hydrocarbons of the series 
Cn Hon + 2. 


Die Aufbewabrung von Petroleum, Aether, Schwefel- 
kohlenstoff, und anderer brennbarer Fliissigkeiten 
betreffend. (German petroleum act.) 


Hydrocarbons of Pennsylvania petroleum.........-.. 
On liquid fuel : 
Petroleum in Burmah 


Méthode universelle pour réduire et saturer d’hydro- 
géne les composés organiques. 


Naphtha and petroleum, paraffine, asphaltum, etc-.-.. 
Les essences renfermées dans les huiles de pétrole. .-. 
Report on borings for petroleum. .........------------ 


Zur Reinigupg von Petroleum 


Le pétrole et les hommes d’huile de l’Amérique du 
Nord. 


Punkt der Entziindung der Dimpfe des Petroleums .-. 


Ueber eine neue Einrichtung zur Aufbewahrung von 
Petroleum. 

Die geologischen Verhiltnisse des nérdlichen Saroser 
und Zempliner Comitates. 

On the distillation of dense hydrocarbons at high 
temperatures, technically termed ‘‘ cracking.” 


On the probable origin of albertite and allied minerals. 


Report of the committee on gas machines, carbu- 
retors, etc. 


De Vemploi industriel des huiles minérales 
chauffage des machines, et en particulier 
chines locomotives. 


Deuxiéme mémoire sur les propriétés physiques et le 
pouvoir calorique des pétroles et des huiles miné- 
rales. 


our le 
es ma- 


Zur Reinigung von Paraffin............ Bacto Sean 


On the examination of petroleum and other mineral 
oils according to the petroleum act of 1868. 


Paraffin-Bestimmung der Schallgeschwindigkeit in 
weichen Korpern. 


Report on the quality of oils derived from petroleum, 
sold for illuminating purposes in this city (New 
Orleans). 


Zur Aufbewahrung der Mineralole 


A Carpet-bagger in Pennsylvania, II 
Recherches surl’huile du pétrole. (Les Indes, l'Orient) . 


Recherches sur les états du carbone 
The rise and progress of the trade in petroleum. ..... 


Geschichte, Industrie und chemische Zusammen- 
setzung des amerikanischen Petroleums. 


Ueber die Produktion von Petroleum in Nord-Ame- 
rika. 


Report on the quality of kerosene oils sold in the 
metropolitan district. 


Notice sur l’éclairage aux huiles minérales......-.--- 


Recherches sur la présence de l’arsenic dans les com- 
bustibles minéraux, dans diverses roches et dans 
Veau de mer. 


On the bebavier of castor oil with petroleum and 
paratiine oils. , 

Ueber die Priifung von Petroleum und Solai6l auf 
Entziindbarkeit. 


Recherches sur les sources de gaz inflammables des 
Apennines et des Lagoni de Ja Toscane. 


| Point de fusion des mélanges de paraftine et de stéarine. 


On the oil-bearing limestone of Chicago. .....-.-..--- 


Recherches sur les huiles minérales de Buxiére-la- 
Grue et Cordesn. 


| Vorkommen von Petroleum in Parma und Modena ... 





J.S.A., xvi, 504. 
C. R., Ixvi, 442; Dingler, elxxxix, 50; B. S.C. P., xii, 422, 


424; W. B., 1868, p. 796. 
L’'A.S. et I., 1871, p. 146. 


P.R.S., xvi, 367, 372; C.N., xxiii, 253; A.J. S. (2), xvii, 
424; Am. C. ii, 58; A.C.u. P., exliv, 184; exlvii, 214; J. 
f. P.C., cv, 280; B.D.C.G., 1871, p.395; C.Cbl., 1871, 
p. 388; W.B., 1871, p. 860. 


Dingler, clxxxix, 431. 


A.J.S. (2), xlv, 262. 
J.S.A., xvi, 433. 


Atlantic Monthly, xxii, 404. 
B.S. C. P., xi, 278. 


System of mineralogy, 5th ed., 1869, pp. 723-753. 
M. Sci., 1869, p. 746. 


Proceedings of the government of the Punjab Publie 
Works Department, July, 1869, pp. 2-6. 


G. Ind., 1869, p. 156 ; Dinglev, exciii, 487; Poly. Cbl., 1869, 
p. 971; D. Ind. Z., 1869, p. 185; W- B., 1869, p. 685. 


Revue des Deux Mondes, 15™¢ avril, 1869. 


Dingler, cxcii, p. 261; C. N., 1869, p.42; D. Ind. Z., 1869, 
p.85; W. B., 1869, p. 685. 


A. der P., clxxxvi, 92. 
J.K.K. G. R., xix, 297. 


A.J. S. (2), xlvii, 9; C.N., xix, 182; Dingler, cxeiti, 173; 
Poly. Chl., 1869, p. 643, W. B., 1869, p. 710. 


A. J.S., xlviii, 362; Am. J.G. L., xi, 164, with notes by 
the editor. 


New York, Wm. H. Woglaum and Reading, 1869. 


C. R., lxix, 933; Le Tech., xxxi, 205. 


C. R., Ixviii, 349, 495; M. Sci., 1869, pp. 235, 299; B.S. C. P., 
1869, p. 423; C. N., 1869, p. 237; Dingler, cxcii, 204, 
excili, 61; Poly. Cbl., 1869, p. 1240; D. Ind. Z., 1869, p. 
476; W. B., 1869, p. 800. 


D. Ind. Z., 1869, p. 209; W. B., 1869, p. 702. 
London, H. Greenwood, 1869: W. B., 1869, p. 713. 


Pog. An., cxxxvi, 294. 


Made to General Assembly of Louisiana, Dec. 31, 1869. 


B. I. u. GbL., 1869, p. 155; Dingler, exciii, 122; W. B., 1869, 
p. 686. 


Atlantic Monthly, xxiii, 729. 


M. Sci., 1870, p.53; W. B., 1870, p. 703; Arch. Néerland., 
iv, 299, p. 703. 


A.C. et P. (4), xix, 392. 


M. P.L.S., viii, 135. 


A. der P., exci, 50. 


B. u. H. Z., 1870, p. 373; Poly. Cbl., 1871, p. 148; W. B., 


1870, p. 697. 


C. N., xxi, 85; J. S. A., xviii, 290; Le Tech., xxxi, 530; 


Dingler, cxevi, 165; B. I. u. Gbl., 1870, p. 178; D. Ind. Z., 
1870, p. 100. 


New York, D. Appleton & Co., 1870; W. B., 1870, p. 712; 


J. G. B., 1870, p. 156; Poly. Cbl.,1870, p.772; D. Ind. Z., 
1870, p. 145. : 


Paris, 1870. 

An. M. (4), xix, 669. 

C.N., xxii, 162. 

D. Ind. Z., 1870, p. 52; H. Gbl., 1870, p. 29. 
Annales des Sciences Géologiques, ii, 1. 


Le Tech., xxxi, 530. 
Pp. A. A. A.S.,1870; A. J. S. (3),i, 420, 424; J. C. S., xxiv, 


157, 674. 


B, 5. CoP. xix, No, 12: 


B. u. H. Z., 1870, p.44; W.B., 1870, p. 703. 
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2 | Chandler, C.F 
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ne ume 


Lartet, Louis 


Martius, C. A 
Newberry, J.S 
Paul, B. H 


| Pile, Dr. Wilson H 


| Riedinger, L. A 


| *Theobald, W 


Willigk, Erwin 


| Wiinschmann, H. B 
| *Wynne, A. B 


| Attfield, John 
| Bolley, P 


| Byasson, H 


| Edgerton, Henry H 


Edgerton, Henry H 


| Editor American Gaslight Journal. ... 


| Frankland, E., G. W. Stevenson, and 
S. Hughes. 


Galletly, John 


Grotowsky, L 


Honeymann, D 


Hunt, T. Sterry 
Kaempfer, E 


Le Bel, J. A 


| HO DOL, Ps LD. wee ee ee ee ee eee ee eee eee 


wee emcee ree es ecessccce-s 


*Maclagan, R 


*Marvine, A. P 


*Naumann, C.F 
Parish) Ndward o2os0s-scesuoeneeeee 
Parker und Sunderland 


Porjetski 


Sainte-Claire Deville, H. E 


Thorpe, T. E., and John Young 


Van der Weyde, P. H 


Warner, A. J 
Weise, K. v 





_ Champion, P., et H. Pellet 


Ott; Adolph csacsctasoe setonccaeee ass 
Dupaigne, Albert 


Subject. 


Reference. 





Essai sur la géologie de la Palestine et des contrées | 
avoisinantes, telles que l’Kgypte et l’Arabie. 


Illuminating gas from petroleum 
Remarkable gas wells in Ohio 
On the mode of testing mineral oils used in lamps -.-.- 


On the specific gravity indicated by Baumé’s hydro- 
meter. 


Apparat zur Darstellung von Gas aus Petroleum und 
dessen Riickstinden. ~ 


Burmah oil springs 


| Vorliufige Notiz iiber Oxydationsproducte des Par- 
aftins. | 


Die Parafiin-Industrie 
Futtijung oil spring, Punjab 


Ueber die Priifung von Petroleum und Solarél auf | 
Entziindbarkeit. 





esting Petroleum weer ee. seat waar ae ap a hewinjstse aie ee 


| Ueber einige neue Eigenschaften des Paraffins und 
| wtber die Parafiinbider. 


| Sur Vorigine du pétrole 


Report on the Saratoga process for the manufacture of 
| illuminating gas from naphtha. 

| 

| 


A report on petroleum-naphtha gas, to the directors 
of the Fort Wayne Gaslight Co. 
The use of torpedoes in oil wells 


Emploi du bitume dans la fabrication du gaz d'éclairage 


On a parafiine having a high melting point 


Ueber den Einfluss des Sonnenlichtes auf Petroleum. - 


Note on limestone containing petroleum, in Nova 
Scotia. 
| On the oil wells of Terre Haute, Indiana 


| Use of oxygen in oil wells for removal of paraffine ..- 





Sur les pétroles du Bas-Rhin 


Apparat sur Bestimmung des Schmelzpunktes orga- 
nischer K6rper. 


Reports on the Punjab oil lands .....--..-..-.----.-- 


Note on the geographical distribution of petroleum 
and allied products. 


Santo Domingo petroleum 


Erd@l Und CAS pAlb. sete see eee ie eee rehtee te tere 
On the rectification of petroleum 
Petroleum bei Schmelzéfen 





Verwendung des Petroleums zur Heizung 


Sur les propriétés physiques et le pouvoir calorifique 
de quelques pétroles de l'empire russe. 


Preliminary notice on the production of olefines from 
parafiine by distillation under pressure. 


New method of testing petroleum 


On the oil-bearing rocks of Ohio and West Virginia. .. 


Um die Beschaffenheit der im Handel vorkommen- 
den Petroleumsorten zu constatiren. 


A roasting furnace for burning petroleum 


Petroleum-Benzin Fabrik 


Report of the Commission of Inquiry toSanto Domingo 
On the origin of petroleum 


Appareil pour conserver, transporter, etc., Vhuile de | 
pétrole, ete, | 


De quelques composés de la parafiine. ....-....-....-- 
Report on petroleum oil, its advantages and disad- | 
vantages. 


Translation of same into German...............-.---- 








Le pétrole, son histoire, sa nature, ses usages et ses | 
dangers. 


Annales des Sciences Géologiques, i, 5. 


A.J. Ph. (3), xviii, 326. 
Am C.,i, 201. 


C. N., No. 528, p.2; D. Ind. Z., 1870, p. 52; H. Gbl., 1870, p. 
291; W.B., 1870, p. 705. 


T. A. Ph. A., 1870, p. 153. 


| Bayer. I. u. Gbl., 1870, p. 211; Poly. Cbl., 1870, p. 1631; 


C.N., No. 569, p. 203; W. B., 1870, p. 726. 


Records of the geological survey of India, 1870, iii, part 
3, pp. 72, 73. 


| B. D.C. G., 1870, p. 138. 


Leipziger Bliitter, 1870, p. 81. 


Records of the geological survey of India, 1879, iii, part 
3, pp. 73, 74. 


W. B., 1870, pp. 704, 712; Jahresbericht, 1863, p. 673; 1864, 
p. 675; 1865, p. 749; 1868, p.729; C. N., 1870, pp. 2,84; D. 
Ind. Z., 1870, pp. 19, 52; H. Gbl., 1870, pp. 36, 291. 


Ph. J., July, 1871; A.J. Ph. (4), i, 400. 
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Petroleum as fuel 
Report to Centennial Exposition at Philadelphia, 1876.) 








| Puits de gaz en Penusylvanie 


ee CoN.) xxxil, 
. B., 1875, p. 1060. 
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Wun Aaoiph Ses accnes.scccctudsegete on | Das Petroleum, seine Entdeckung und Verwerthung | Ziirich, 1£75; Verlags-Magazin. 
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uber die Priifaung auf seine Feuergefiihrlichkeit 
| (mit8Tafeln). (Translation of C. F. Chandler, 1872). 
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Dingler, cexvi, 244; Poly. Cbl., 1875, p. 1021; W. B., 1875, 
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E. M. W.S., xxii, 335, 376, 402, 458. 
J. F.I., ¢, 88; J.S. A., xxiii, 978. 
Harrisburg, 1875. : 


P. A. Ph. A., 1875, p. 629. 
Am. C., vi, 11. 


Dingler, cexvi, 47; D. Ind. Z., 1875, p.213; Poly. Cbl., 
1875, p. 896; Ind. B., 1875, p. 242; W. B., 1875, p. 1053. 


Dingler, cexvi, 256; P.1I.C. E., xli, 306; B. I. u. GbL, 
1875, p.1; Poly. Cbl., 1875, p. 890; C. Cbl., 1875, p. 575; 
Am. C., vi, 77; W.B., 1875, p. 1088. 


Dingler, ccexvii, 64; J. G. B., 1875, p. 124; Ind. B., 1875, p. 
221; Poly. Cbl., 1875, p. 956; C. Cbl., 1875, p- 604; W.B 
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1st Annual Report of the 2d Geological Survey of 
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A paper on salt, written for the volume prepared by Prof. 
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Am. J.G.L., x xvi, 54. 
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Subject. 





Petrozene and its products 


.| Examination of twenty-four specimens of kerosene 


sold in Michigan. 
Petroleum in Russia 


Report to the secretary of state for the home depart- 
ment on the subject of the testing of petroleum. 


Description of the Wfcox spouting water well 


Petroleum-Riickstiinde als staubformiges Brenn- 
material fiir Cupoléfen. 

Conversion of the normal paraffines into the benzole 
series. 

The naphtha wells in the neighborhood of Baku 


Nature des hydrocarbures produits par l’action des 


(Spiegeleisen ?) 


Ueber die bei den Miinchener Preisen aus der ver- 
schiedenen Beleuchtungsart erwachsenden Kosten. 


drocarbures, d'acétones, ete. 
On gas from gasoline .............. Ae canteens etalon tea oie 
Ueber den galizischen Ozokerit und das Cerisin 


acides sur la fonte blanche miroitante manganésifére. | 


Sur une méthode générale nouvelle de synthése a’by- | 





| of the lighthouses of France. 


Sur loxidation de l'acide Ci:HawO2 contenu dans le 
pétrole brut. 

| Mohrings Oelu. die Feuergefibrlichkeit des kiuflichen 
Petroleums. 

Bericht iiber die Weltausstellnng in Philadelphia, 
1876, herausgegeben von der ésterreichischen Com- 
mission (Heft viii). 

Die Petroleum-Industrie in Nord-Amerika 


Puddling by natural gas 


Amerika, 1877. 


Address on the illuminating oils of Michigan. ...-.. 
Report us state inspector 


Ueber dic russische Napht -Production und Photogen- 
tabrikation in den Jahren 1874 und 1875. 


Vorkommen von Ozokerit im Kaukasns .........--.-- 
| Die amerikanische Petroleum-Industrie, ete...’ .--- 
| Sur Vorigine du pétrole 


Die Petroleum-Industrie der Vereinigten Staaten von 
Nord-Amerika im Jahre 1876. 
Petroleum in Japan 


| On the first systematic collection and discussion of 
the Venango County oil wells of western Penn- 
sylvania. 


Raffinirung des Ozokerit 


Parafiine from oil wells 


Sopra alcune paraftine ed altri carburi d’ idrogeno 
omologhi che trovansi contenuti in una lava dell’ 
£tna. 7 


Apparatus for burning crude petroleum in locomotives. 
Ueber des Geheimmittel Vaseline 


Travail analytique et industriel fait sur un pétrole 
dE gypte. 
SurMhuilede Rangoons.2o.- 5° can e<-naesaeeeeece sear 


Petroleum reservoirs at the docks of St. Ouen, near 
Paris. 


Oil-well records in the northern or Bradford oil regions, 
. Pennsylvania. 


Oil-well records in McKean and Elk counties, Penn- 
sylvania. 

The Bradford oil district of Pennsylvania. ............ 

The oil sands of Pennsylvania 

Liquid faenrse, cos ccs aneescc ces seca scees Ree eta 


teporton an exploration of the east coast of Hudson 
Bay. ; 


Hyner’s Station oil-well section 


Production d’hydrogénes-carbones liquides et gazeux 
par l’action de l’eau pure sur un alliage carburé de 
fer et do manganése. 


The eudiometric analysis of mixtures of paraffines ... 





| On the application of mincral oils to the illumination | 


* A mr | 
| The oil.recionsiof£ Tennessee. -<-fe- sos ones ie pie ee ee 


Notes on the ultimate analysis of crude petroleum. -..| 


Das Petroleum in den Vereinigten Staaten von Nord- | 
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Giornale del Genio Civile, xv 1, 61,121; P. LC. E., 1, 286. 
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Wien, 1877; B.u. H. Z., 1877, pp. 259, 311, 317; W. B., 1877, 
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W.B., 1877, p. 1026. 

Envg., xxiii, 217. 
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Nashville, 1877. 

Hiibner’s Z., 1877, p. 


9°. 
335 


W.. B., 1877, p. 1025. 
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Dingler, cexxiii, 515. 


Ind. B., 1878, p.12; W. B., 1877, p. 1032; D, Ind. Z., 1878, 
p. 6. 
M. Sci. (3), vii, 295; W. B., 1877, p. 1026. 


Le Tech., xxxviii, 276. 


Nouvelles Annales de la Construction (3), ii, 83: P.1.C.1. 
L, 200. 


A.J.S. (3), xvi, 393; xvii, 69. 
P. Aw P..S.7-xvill, 95 


T. A. I. M. E., vii, 316. 

J. ¥F.1., cv, 225. 

Eng., xxv, 168. 

Geo. Survey of Canada, 1877-’78. 


1b PARA RISA S qa the Gy (i 
C. R., Ixxxvi, 1248, 


C. N., xxxvii, 226. 


PRODUCTION OF PETROLEUM. 


299 


BIBLIOGRAPHY OF PETROLEUM—Continued. 




















Date. Name 
AST) ret elle ONNisewsaes fieccccetoseslss 
TRIS NGITOLOWBKY, Liccscsemenaccreensctoac< es. 
MAT Suid GLOLOWBEK Vs dascniececech os sed sccedce we 
POTS POLOLOWSEY lurker ccececccseeesnecn 
Dorie | (Gain fs eal pe ee Seen CaS eer mene 
IPT MM IRGUBOTINGNT. (oc pe cece.cecaccue sean on 
AemPECUOIIOR McIN:s susdecse odoc sre ccc eu cet 
POT oMELEMGOIPD EE as <cscse cas osawes seeeur 
HN OMMELFEON Ys ALOK « ora.c inion sn giea.cncinaa/esiayn saa 
Be ETS ciao los wtara eae we wis doe eideidio D2 arene are 
Pertam BION KO! Kar ectec aloo sama ee satan’. 
1878 | Macadam, Stevenson........---------- 
1878 Morton, Henry, and Wm. E. Geyer. . - .| 
1878 | Preunier, L., et R. David...........--.| 
ESSN AR ZARZOWSIKL « coos eciscc.ce esis c0 cece. 
WOM MPEROULICIOZ, DD sccly<s-<=- sie cmeninilancsiecies 
EMMIS OL ied sO ei, cess cee oe cb ete cubisata. 
EPS AMOLIANG Bic cc cecicisecsine aw eona.ce% 
Peromme OCUOTIGMMEL Cis... cos cccceswercess sci 
POTN SUOHUOUSG: Wl. cewncsccows scence es =< 
1878 | Strippelmann; LeOi.....-5.c.c0<sse0- 
1878 | Thomson, William ...............---.. 

| 

1878 | Thorpe, Prof., editor ...............--- 
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| On the occurrence of a solid hydrocarbon in the 








Die chemische Zusammensetzung des kiuflichen Par- 
affins. 


Die Verwerthung der Nebenprodukte und Abfalls- 
chemikalien in der Mineralélfabrication. 


Ueber die Verbrennung der fliichtigen Kohlenwasser- 
stoffe des Petroleums im Siurestoffgas. 


Auf die verschiedenen Benzine die aus den Vereinigten 
Staaten auf den europaischen Markt kommen. 


Handbuch der Mineralélgasbeleuchtung und der Gas- 
bereitungséle (mit 21 lithographirten Tafeln). 

Sur une nouvelle méthode synthétique pour la forma- 
tion des carbures (’hydrogéne. 


Ueber die Einwirkung hoher Temperatur auf Petro- 
leum, Braunkohlentheer und andere ihnliche Stoffe. 


Fabrication du gaz de pétrole par le procédé Wren... 


Ueber russisches und amerikanisches Kerosin und 
iiber die Beleuchtung mit schweren Mineralélen. 


Parafiine oils and their action on metals 


Parafiines in commercial ‘ water gas” 


Sur la nature de certains produits accessoires obtenus 
dans le traitement industriel des pétroles de Penn- 
sylvanie. 


Ueber die Entstehung der Mineraléle 
L'asphalte de Banes (Isle de Cuba) - 


eruptive rocks of New Jersey. 


Ueber das spevifische Gewicht des Paraffins aus 
galizischem Ozokerit von 65°-82° Schmelzpunkt. 


On themormal puratinessaaeo se toe oe os ataisina elaine a 
Recherches sur les parattines normales -.-.-..--------- 


Die Petroleum Industrie Oesterreich-Deutschlands, 
dargestellt, zur Klarstellung deren Wichtigkeit und | 
Zukunft und zur Aufklirung des fiir diese Indn- | 
strie sich interessirenden Kapitals, in geschicht- | 
licher, geologischer, beremaénnischer, wirthschaft- | 
licher und technischer Beziehung. Abtheilung I 
u. IL: Oesterreich. 


On the estimation of mineral oil or paraftine wax 
when mixed with other oils. 


Coal ais history, andsuseseeeaeace- 4-5-3 eee eae | 
Vaseline 
Die Priifung von Schmierélen 


Ueber Petroleum in seiner Anwendung als Lampendol. 
Ueber das Petroleum von Baku 


Notes on petroleum spirit or ‘‘ benzoline” 


On the oil sand of Bradford, McKear county, Penn- 
sylvania. 


The Kanewreyserwvell. jocccearse ae etoe cs = ateneane sect 
Saponification of mineral oils .....-....-........------ 
Apparat zur Priifung von Petroleum, etc 


Untersuchungen amerikaniscber und russischer Pe- 
troleumsorten. 


Petroleum from the Caspian 


Natural gas in iron making 


Die Priifung der Schmiermaterialien..............---- 
Carbureting alnsescacee esa sciessmentstercien seve tees scse 


Asphalt and mineral bitumen in engineering 





Ueber die Bestimmung der Feurgefihrlichkeit des 
Petroleums. 


Die Léslichkeit der Metalle in Petroleum ...........-. 
Priifung fetter Oele auf Mineraléle ........-----. 


La toned de pane mit constantem Niveau und Pe- 
troleum-Heizung. 


Zur Untersuchung und Behandlung des Petroleums. . 


Eine einfache Petroleumuntersuchungsmethode 


Untersuchung iiber natiirliche Asphalte_ mit | 
Beriicksichtigung ihrer photochemischen LEigen- 
schaften. 


Historical Review of legislation relating to inspection 
of illuminating oil in Michigan. 
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| Hiibner’s Z., 1878, p. 38; W. B., 1878, p. 1192. 
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Dingler, cexxix, 353; M. Sci., 1879, p. 79. 


An. G. C., 1878, p. 215. 
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T. P.S.E. (3), viii, 463, ; J.C.S., xxxiv, 355; E. M.W.S., 
xxvi, 351. 


C.N., xxxvii, 187; J.C.S., xxxiv, 609. 


C. R., Ixxxvii, 991; lxxxviii, 386; B.S. C. P., xxxi, 158, 254; 
B. D. C. G., 1879, p. 366; A. der P., cexv, 158; C.N., x1, 
167; C. Cbl., 1879, p. 261; J.C. S., xxxvi, 309, 447; W. B., 
1879, p. 1187. 

A. f. P., cexiii, 455. 


R. U. M. (2), iv, 756. 


ay Ap NAL 


| A.J.S. (3), xvi, 112. 
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Owen, D.D., N.S. Shaler, J. R. Proctor. _ Reports of the Geological Survey of Kentucky. 
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LETTER OF TRANSMITTAL. 


PITTSBURGH, PA., February 15, 1883. 
Hon. ©. W. SEATON, 


Superintendent of Census. 


Str: I have the honor to forward you herewith my final report upon the manufacture of coke in the United 
States in the census year 1880. This report embraces the complete statistics of: the production of coke during 
that year, together with such information regarding the characteristics of the works, materials used, and labor 
employed as could be obtained. These are supplemented by such statements and explanations as seemed necessary 
to the correct understanding of the statistics. Considerable attention has also been given to the history of coke, 
both in this country and in Europe, as well as to such technical information as promised to add to the value of the 
report. | 

It should be carefully noted that this report inciudes only the statistics of that coke which was manufactured 
as a direct product, and not that produced in connection with the manufacture of gas. There is only one possible 
exception to this statement, which is noted in its proper place in the report. 

The manufacture of coke is so intimately connected with the manufacture of pig-iron that its history is virtually 
a history of the manufacture of coke pig-iron, while the value of different cokes and of different methods of coking 
depends largely upon the adaptability of the coke to furnace use. The reason of this will be evident when it is 
known that more than four-fifths of all the coke manufactured is used in the production of pig-iron. This will 
explain the constant reference to pig-iron and blast furnaces in this report. 

In view of the great variety of coal in this country adapted to the manufacture of coke, some statements 
regarding the different ovens in use and the results obtained in other countries with various ovens using different 
kinds of coal have been given, which I trust will be of importance in certain sections of the country. I have also 
given very full information as to the methods employed in the utilization of the waste products of coking. 

In the historical and technical part of this report I have relied for information to some extent upon standard 
works, as well as upon fragmentary statements scattered through various publications. In most cases I have 
given in the body of the report the authority for the statements made, but it is no more than just to mention here 
my especial obligations to The Iron Age, of New York, The Colliery Guardian and Engineering, of London, England, 
among journals, and Percy’s standard work, Metallurgy, volume Fuel, Jordan’s Album of Metallurgy, and Mr. Richard 
Meade’s The Coal and Iron Industries of the United Kingdom, among standard works. I also desire in a very especial 
manner to acknowledge my obligations to Mr. John Fulton, mining engineer of the Cambria Iron Company, to 
whom I am indebted, not only for permission to make use of extracts from the admirable papers published by him 
in the reports of the second geological survey of Pennsylvania, but also for the revision of certain chapters of 
this report and for very valuable suggestions and information. My thanks are also due to Major Jed. Hotchkiss, 
of Staunton, Virginia, Mr. I. Lowthian Bell, Mr. Charles Wheeler, and My. Richard Meade, of England, M. Max 
Goebel, of Belgium, and Dr. Herman Wedding, of Germany, for valuable information. r 

In the collection and compilation of these statistics I have had the intelligent assistance of Mr. 8. C. Armstrong 
and Miss C. V. Young, of my office. 


I am, sir, very respectfully, your obedient servant, 
JOS. D. WEEKS, 


Special Agent. | 
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Part I—STATISTICS OF THE MANUFACTURE OF COKE. 





SCOPE OF REPORT. 


In this report and its accompanying tables the word “coke” is used in a restricted sense, including only that 
coke made from bituminous coal, in ovens, pits, or “on the ground”, and which, for convenience, may be termed 
“oven coke”. ‘Gas coke” so called, or that which is a residual product of the manufacture of gas, is in no case 
included. An apparent exception is the coke of the Consolidated Gas Company, of Pittsburgh, which is made in 
bee-hive ovens, and is, therefore, a true oven coke. The gases escaping during its manufacture, however, are 
collected and utilized for lighting purposes, instead of being allowed to waste into the air. 

By reason of this omission of “ gas coke” the total of coke consumed in the United States, as shown by the 
fuel tables of the census, will not correspond with the total production of coke as shown in this report, the fuel 
tables showing the consumption of both oven and gas coke. 

It is also to be noticed that, though there is a most intimate connection between the mining of coal and its 
manufacture into coke, this report covers only the latter industry. The coal-mining connected with coke manufacture 
is regarded as a separate industry, just as the mining of iron ore is an industry distinct from the manufacture of 
pig-iron. The statistics of such mining are not, therefore, except incidentally, included in this report. The coal 
is considered as material, and is so tabulated. To this statement there is no exception, not even in reporting 
concerning those establishments where all the coal mined is manufactured into coke and where the coal mines and 
coke works are virtually one establishment. The statements of capital, employés, wages, etc., relate only to the 
coke works. As illustrative, however, of the extent of the coke industry, some facts regarding the coal mines 
connected with coke works are given, but they are carefully separated from the figures regarding the latter. 

In treating of coal as a material for the manufacture of coke it has been thought best to include some general 
statements regarding the character of our coking coals, but these statements have been for the most part confined 
to those deposits of coal which were actually used in the manufacture of coke in the census year. No attempt has 
been made to show the extent of the deposits of coking coal in the United States. 

It should also be distinctly understood that from the statements and statistics given in this report it is not 
possible to ascertain, even approximately, what have been the profits of coke-making in the United States. <A series 
of questions so framed as to show this would probably have received very few answers. All that the tables 
pretend to show is the cost of labor and materials and the selling price of the coke. The other items that enter 
into the cost, such as superintendence, insurance, taxes, interest, general office expenses, bad debts, with others 
that will readily occur to any business man, are not given, and all of these which are not ascertainable must be 
added to the cost of labor and materials before it would be possible to ascertain what the profit was. 


SUMMARY FOR 1880. 

There were produced in the United States in the census year, 187980, 2,752,475 tons of coke, valued at $5,359,489, 
or $1 94+ per ton. In its production 4,360,110 tons of coal, valued at $2,761,657, or 63.3 cents per ton, were used. 
This would make the yield of the coal in coke 63.1 per cent., or it would require, on an average, 1.583 tons of coal 
to produce a ton of coke. The average value of the coal in a ton of coke would therefore be a little over $1. 

There were employed in the manufacture of this coke 3,140(a) persons, of whom 3 were women and 71 boys, 
the total wages paid being $1,198,654, or 43.5 cents per ton of coke produced. There were 10,116 ovens built May 
31, 1880, and 2,163 building, making a tota] of 12,279 built and constructing. 


SUMMARY OF STATISTICS FOR 1850, 1860, 1870, AND 1880. 


In the tables included in this report will be found the detailed statistical results of the census of the manufacture 
of coke in the United States for the census year 1880. These results are summarized below, and, as far as possible, 
are compared with the results obtained at previous censuses. 


ee ee ee nee 








a In addition there were two watchmen at an idle works. 


2 MANUFACTURE. OF COKE. 


As will be shown in the historical part of this report, the manufacture of coke in some considerable quantities 
for use in blast-furnaces began prior to 1840, and as early as 1817 coke was used for refining iron. It is also probable 
that as early as this, if not earlier, it was used to some extent in melting iron in founderies, in malting, and for 
other purposes. Coke does not appear, however, under the subdivisions of manufactures until the census of 1850. 
Prior to this date it was probably returned as coal. 

It will also be evident, from considerations that will hereafter be advanced, that the figures prior to the present, 
census are not complete. The comparisons made must therefore be regarded only as approximations, and not as ~ 
showing the real advance made in the manufacture of coke. 

In the following table is given a summary of the totals of the most important items covered by the census of 
1880, compared with similar results obtained at the censuses of 1870, 1860, and 1850: 












































| | 
| Percentage | Percentage | Percentage 
Tiited States Totalin | Totalin Total in Total in | of increase in| of increase in| of increase in. 
; ae 1880. | 1870. 1860. 1850. 188) over | 1880 over 1880 over 
1870. 1860. 1850. 
Se i | SS ee 
Namber of establishments: ten: ssicssact cscs eciecees cep cpaslongeenee cme 149 25 | 21 4 496. 00 609. 52 3, 625. 00+ 
Number of persons employed: .wcoueeesaeweteteeen see mceomctnee seen ter 38, 142 528 198 | 14 495. 08 1, 486. 87 22, 342. 86. 
‘Amount of capital, realiand personal |. <= oo. 0 osc e- seep nee seine eeeeles $5, 545,058 | $1, 202, 043 $62, 300 $3, 700 361. 30 | 8, 800. 57 149, 766. 43. 
IWitPCS PAI We esen Geemices Wen hen cee nines seueweeacnpe Jace Osiris acme eet 1, 198, 654 288, 695 | 61, 368 3, 444 315. 20 | 1, 853. 22 34, 704. 12 
Value of all materials used, including coal -...-..--....--...--.------ 2, 995, 441 615, 268 73, 552 | 6, 038 386. 85 3, 972. 55 49, 509. 82 
Value of coke producedis 25 iwc Seecacstesescassouesseensmue sus eemer: 5, 359, 489 1, 132, 386 | 189, 844 15, 250 373. 29 | 2, 723. 10 35, 044. 12 
| 








This table indicates a most remarkable growth, especially during the past ten years. It must be remembered 
that coke is both bulky and low-priced, and in proportion to its weight it is one of the lowest, if not the lowest 
priced of any manufactured article. During the census year the average value of a railroad-car load of ceke, 
containing from 12 to 14 tons, was from $24 to $28 at the ovens. But little of the coke is used where made, the 
nearest important point of consumption to the Connellsville region (which produced more than 68 per cent. of all the 
coke made) being Pittsburgh, about 60 miles distant, while hundreds of thousands of tons are carried to points much 
farther away. The growth of the industry in these years, then, means a growth where the margins of profit must. 
be small and the tonnage handled immense, and the difficulties in the way of its growth, as is always the case with 
low-priced, heavy articles that must be transported long distances to market, are well-nigh insurmountable. To 
organize and operate effectively the railroad service in connection with this heavy increase of traffic has been of 
itself no small undertaking. All things considered, the development of the manufacture of coke during the past ten 
years must be regarded as one of the marked achievements in our industrial progress. 


NUMBER OF ESTABLISHMENTS. 


Each separate coke works, with its ovens and other plant, is.classified as an establishment. In many instances. 
it was found that an individual or firm operated several works, sometimes contiguous, in other cases widely 
separated; but notwithstanding this joint ownership each works is regarded as a separate establishment, and is 
so classified. The number of works and the number of owners are not, therefore, the same. The number of 
establishments returned at the last four censuses is as follows, there being no returns prior to 1850: 


Number: of establishmentsiin 1880 )2 Bat cp ee co eit eine = eres be Biarw nies wie est, cie edtlels seiner Bis eee eee ee re 149 
Number ot: establishments inelecO0s ees eee see ees aee es = Slob ds weho.s dim Selene Seek ea ee Ree ee eee ee eee 25 
Number. of ‘establishments in i1BGO 2 os tence tect cea tasci = 4. cc eee cia ajsinuine oe ne erie eee hte eee ree eee ee 21 
Number, of establishments in #lS60ne-= seme este es a sttetetw est. 26 sole coae Clea ce tite |e ore Ree eee ae eer 4 


The increase in the number of establishments between 1870 and 1880 was nearly 500 per cent., assuming that. 
the word “establishment” was used in the same sense at the census of 1870 as at that of 1830, which is probable, 
as the condition of the coke trade was such at the earlier date that an individual or a firm would hardly have more. 
than one works. 

The increase in 1880 over 1860 was about 600 per cent., the increase in the number of establishments in the 
ten years between 1860 and 1870 being but 4, or about 20 per cent., as will be seen from the table given above. 
The increase in product, however, was much greater, indicating a very rapid increase in the size and capacity of 
the works. The number of works returned in 1850 is probably not correct, and is so small as to be hardly worthy 
of notice. The manufacture of coke at that date was in its infancy in this country, but it was without doubt more 
of an industry than the returns for 1850 indicate. 


WORKS IDLE AND WORKS BUILDING. 


In the enumeration of establishments given in Table I are included all works, whether completed or building, 
that were in existence in the census year 1879~80. A number of these, however, were idle during the entire 
year; others were building, and made no coke. In many cases extensive additions were made to old works, some 
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of which were completed in whole or in part and put in operation during the census year; in other cases 
construction was going on at the date of this report. It will be necessary, therefore, in order to ascertain what 
eapital, plant, etc., were used in the manufacture of the coke produced in the census year, to distinguish between 
works which were idle and building and those which were operated in whole or in part. 

The following table, condensed from Tables III and IV, gives a statement of all of the works idle or building 
during the census year 1879~80. It includes all works at which no coke was made, but does not include any 
statement of additions made during the census year to works that were completed and operated during any part 
of the year: 
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* Wages paid watchman at works. 


STATISTICS OF ESTABLISHMENTS AT WHICH COKE WAS MADE IN THE CENSUS YEAR 1879~80, 


Comparing the items of this table with the corresponding ones of Table I, and making the necessary 
deductions, it will be found that the coke made in the United States in the census year 1879-80 was made in 
establishments the number and characteristics of which were as follows: 


Total number of establishments at which coke was made during census year 1879-80 ....-. 2.22.2 .2.--- 127 
ea ec ies CON MITNLLLe SAI Clee teers ric eceise <sissievene wna 6 ae cs ciu/eclimas sie ne seieciaciesanaeincie cionicaae a $4, 769, 858 
oun ber Omovens buLtat thesame- May ol, 18802. 2. won ome doles wom siinneds sce erensteeccse es 9,763 
Total number of ovens building at the same May 31, 1880-..............-..- eale Sle nios emenee oacemmens Mele 796 
inirennmper OL eriployosral ine SamemMay ol, O80 c.. 62. 2 Lo. es eae ges sees ecocmems cies casestececce 3, 140 
peer Cs Ur DITO BANU cetacean Wee eiwie waa le nad soon es nerece sceecs sues ecvenas 1Sed agnerdadhesroae cee $1, 197, 744 
iG MByaD LUGO ten aietl al shuseGta iG ESA ccmricls je cose cous sac cac, Se ccce ech e SuslelncmeasiGceritecupeesaesess 2, 995, 441 
PRotHlecOUsOiCOd MISCO iatDNOISAING sere feta sare cclsels 5 o- tio siete cocetiss/secess do scctlscwien ces eUbsccestecss 4, 360, 110 
entre leu LOLaN aE Geese a emai er atN ane. cs co owls so acc ninic ae ne dinenes neve oe peudieip wen atiockaceutese $2, 761, 657 
DES BOOT SO LECOK EL LOUILCO sete amet tetas cla cine ol See ,40 Site nninn cian onicin oswece scinelociscies drs enjsisaisiceisce 2, 752, 475 
PO bee avert (TLOLOLES Nl eee tat ete tee eI En Seo eco ek Sn as iw Ease nme oceid's di cnas oesigieadie smoe os acne ae ae $5, 359, 489 
AWenes Om Goal connected with works tiatimake COKG> 62.2222 202 scecd ccccce wceces esslsercsecece ccess 140, 922 


Capital invested in coal works connected with coke works that fade cokennil879—S0bese-caceemcee oe tes $10, 903, 541 


LOCALITIES IN WHICH COKE WAS MANUFACTURED. 


Though coke was an article of manufacture in this country some years prior to 1850, it is not found enumerated 
among its manufactures until the census of that year, the very small amount returned being all credited to 
Pennsylvania. The published volume of statistics of manufactures for that census gives no indication as to the 
localities in the state where the works making this coke were situated, but an examination of the original returns 
shows that oven coke was made in Allegheny and Fayette counties. It is very probable that coke was also made 
in other localities in Pennsylvania, and some in Maryland and Ohio, and possibly in Virginia. The census contains 
no record of coke so made, and it may have been returned as bituminous coal. 

At the census of 1860 coke is returned as made in Allegheny, Cambria, Clarion, and Fayette counties, 
Pennsylvania. These counties are respectively in the Pittsburgh, Allegheny Mountain, Allegheny River, and 
Connellsville districts, so that at that date what are now the chief coke-producing regions of Pennsylvania were 
engaged in its manufacture. 

A remark similar to that made concerning the statistics of 1850 is also applicable to those of 1860, as coke was 
doubtless made in other counties of Pennsylvania than those named. Jn a work published in Pittsburgh in 

857 (a) the statement is made: 
The coke-iron consumed by the manufacturers of Pittsburgh is at present obtained both from a distance and from the neighborhood. 


The metal of this description made from the fossil ores of the central counties of Pennsylvania is excellent for castings. * * * From 
the neighboring counties of Fayette, Cambria, Beaver, Mercer, and Lawrence coke metal is now brought to Pittsburgh. 





a Pittsburgh As It Is, by George H. Thurston (Pittsburgh, 1857), page 103. 
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This would add Beaver, Mercer, and Lawrence counties to the coke-producing sections of Pennsylvania. The 
Clinton furnace, at Pittsburgh, working entirely with coke as a fuel, was also blown in during the fall of 1859, 
and though small, its consumption of coke would have been a considerable proportion of that reported made in 
the census year 1860. Altogether, the indications are that the returns for 1860 are very incomplete, as they omit 
many localities at which coke was made, and fail to report much that was made, or do not report it as coke. 

In 1870 Ohio for the first time appears in the census as a manufacturer of coke, it being made in Hamilton, 
Jefferson, and Tuscarawas counties. The coke made in Hamilton county was probably made from the screenings 
gathered from the different coal-yards. In this year, according to the report, coke was made in Pennsylvania in 
Allegheny, Armstrong, Cambria, Clarion, and Fayette counties, Armstrong being the only county in which coke 
was reported as made at the Ninth Census in which it was not reported as made at the Highth. 

In the census of 1880 it will be noticed that coke is reported as being manufactured in nine states: Alabama, 
Colorado, Georgia, Hlinois, Indiana, Ohio, Pennsylvania, Tennessee, and West Virginia. Two establishments for 
the manufacture of coke are reported in Virginia near Richmond, but no coke was made in this state in the 
census year 1879-80. Under the head of “Relative productive rank of the several states and counties” are 
given the details concerning the several localities at the Tenth Census. 

From an inspection of the map accompanying this report and a comparison of the figures given in the tables _ 
showing the localities and production it will be seen that the coke-producing belt of the country is the bituminous 
coal-measures of the Appalachian chain. Beginning very nearly at the extreme northern point of the Allegheny 
mountains in Pennsylvania, the coke ovens follow this range of the Appalachians nearly to their southern limit, 
at Huntsville, Alabama. Outside the limit of this region the make of coke in the census year was but 26,600 tons 
out of a total of 2,752,475, or less than 1 per cent. It will also be noticed that the center of production is the 
Connellsville region of Pennyslvania. é 

No doubt coke in considerable quantities will be manufactured in the future in other states. Already there is 
promise of this in certain sections of Ulinois and in Colorado, but for many years it is probable that the bulk of the 
coke of the country will be produced along the Allegheny Mountain range from the coal-measures of which such a 
large percentage is now supplied. 


CAPITAL. 


The capital invested in coke works, including that in ovens and appurtenances, buildings, ete., and employed 
in the coke business, but not including any of the capital properly belonging to the coal-mining part of coke-making, 
in the census year 1879-80 was $5,545,058. This amount, however, does not fairly represent the amount of capital 
invested in the coke business of the country. Though in this investigation the statistics of the mining of coal for 
the manufacture of coke have not been included, it is nevertheless true that the capital invested at the mines which 
supply coal to the coke works is in many instances invested in them solely for the production of coke, and the 
capital employed at such mines should properly be included with that invested in the manufacture of coke as 
returned to the special agent. In Fayette and Westmoreland counties, Pennsylvania, the entire product of the 
mines at the coke works is, with the exception of a small percentage, made into coke. Sales of coal, as coai, are 
very rare, and are only made under exceptional circumstances, and probably did not equal 1 per cent. ot the product 
in the census year, though it is larger in other years. 

In stating the capital invested in the manufacture of coke it would be necessary, therefore, in order to show 
fairly the total of this capital, to add to that given in the tables of coke manufacture the amount of capital invested 
in the coal mines at coke works. This was $13,060,041, which would make the total capital invested in the 
manufacture of coke as follows: 


Total capital invested in coal works supplying coal to coke works..........-...--. .--.-.--c+seces---- $13, 060, 041 
Total capital invested in works for the manufacture of coke....221 222 225. eee oes cee eee see eee eee 5, 545, 058 





Total invested in’ the manufactnre‘ofieoke.cs.-: conc. cet eee ee ee eee eee 18, 605, 099 


A large part of this total is invested in coal lands. There are connected with coal mines that furnish coal for 
the manufacture of coke 158,683 acres of coal lands, the value of this land varying from $100 or less to $800 an 
acre, according to its locality. 


NUMBER AND KINDS OF OVENS. 


The total number of ovens, and the number of each kind built and building in the United States May 31, 1880, 
was as follows: 
































F , Pits and 
Bee-hive. Belgian. Other forms. nana: Total. 
Ovetis built May/81;21880 vs. fee coe ote ctr eee ee eee te ee | 9, 728 316 30 42 10, 116 
Ovens building May:31; 880 2222, oe cece) oc eee cre oe ee eee DOSS een aan cette ces BO ceca esseceme 2, 163 
Lotal builtand-butlding May 31; 1380s22. sseses oder eeen eee ene neceee nese eens | 11, 811 316 110 42 12, 279 
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Fig. 1.—THE COKE-PRODUCING BELT. 
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The 316 Belgian ovens include a number of varieties, but are all constructed on the Belgian plan, with flues in 
the bottom or sides, or both. ‘The other forms are a modification of the bee-hive, and resemble the oven used in 
Wales. They are known as the “Tunnel, or English drag”. 

The report on pits or mounds must necessarily be very ufsatisfactory, the number used varying with the 
demand for coke. In seasons of great demand the number at old works—not only at those where only pits and mounds 
are used, but sometimes at those where usually all the coke made is burned in ovens—is largely increased, and in 
addition coke is made in mounds at coal works that do not make coke except at these times of increased demand. 
With a falling off of demand the number is reduced. As they are so variable in number and are not as permanent 
as ovens, no satisfactory report can be made of the numbcrin use. Those given in the table may be regarded as the 
number reported in use May 31, 1880. 

There are no statements in the census reports of previous years showing the number of ovens in existence at 
the dates of the reports, nor are exact data obtainable from other sources. A work published at Pittsburgh in 
1870 (a) gives the number of coke ovens in Pittsburgh and vicinity in active operation in 1855 as 100. The same 
work states that— 

In 1870 what are termed city coke ovens number 273. In addition to these there is a number of ovens owned by manufacturers, who 


consume their own material, or, in other words, mine their own coal and make their own coke. 
The Connellsville coke ovens, the product of which is in universal demand throughout the West, number 790. (b) 


This would give a total of 1,063 reported in the Pittsburgh and Connellsville districts. From other information 
it would appear that the number of ovens in western Pennsylvania in 1870 was not far from 1,200. 

Of the coke reported as manufactured in the census year 186970, 92 per cent. was reported as manufactured 
in Pennsylvania, all of which was made in western Pennsylvania. Ninety-four per cent. of the persons employed 
were employed in the same locality, and the relations of capital invested, wages paid, and material used are about 
the same. All of these facts would lead to the belief that the number of coke ovens in the United States at the 
census of 1870 did not exceed 1,300, all of which were of the bee-hive pattern. In addition to that made in ovens, 
some coke was made in pits and mounds in 1870. Much of that produced in the Allegheny Mountain region of 
Pennsylvania was so burned. 

[have not been able to procure any satisfactory information regarding the number of ovens in use in either 
1860 or 1850. 


PLANT OTHER THAN OVENS. 


As before stated, there are connected with the coal mines that furnish coal for the manufacture of coke 
158,683 acres of coal land. This does not, however, represent the amount of coal land from which good coking 
coal can be mined, but only that attached to ovens, or the acreage of the various tracts of coal from which at the 
close of the last census year supplies of coal for coking were drawn. 

Of the plant used at coal mines which supply coal to ovens, the data, for reasons elsewhere given, are not 
complete enough to justify any statement. There were 4,360,110 tons of coal and slack used in the manufacture of 
coke. From a comparison of this with the statistics of bituminous coal produced some rough idea of the 
proportion of the bituminous coal-plant used in the supply of coal to coke works can be obtained. The amount of 
bituminous coal produced as a regular product in the census year was 41,860,055 tons; the percentage of this 
used in the manufacture of coke was therefore 10§ per cent. This proportion of the capital, employés, wages paid, 
material used, and other items entering into the report on bituminous coal should therefore be regarded as employed 
or paid in connection with the production of bituminous coal for manufacture into coke. 

There were in use at 28 coke works 38 coal-washers. Of these 38 washers, 12 are reported as Stutz’s patent, 8 
as Diescher’s, 4 as Endres’, 4 as Hybrid, 2 as Plunger—one of which has 4 jigs and the other 2; 2 as Lauders’, 
each with four compartments; 1 as Osterspey’s, with 14 jigs, and 1 each of the following: Slush, Common, 
Bradford, Waverly Coal Company’s, and Floating Trough. 

There were also in use by coke works 20 locomotives, 1,703 coke cars, and 26.37 miles of railroad track. These 
are exclusive of locomotives, cars, and track that are properly credited to the coal mines. The coke cars do not 
include the “ larries ”, or cars in which the coal is run to the ovens, but only the cars used for transporting coke 
over railroads to consumers. 

The ownership of these cars by the works has been found necessary to secure prompt shipment, though only a 
portion of the coke shipped is forwarded in these private cars, the railroads usually furnishing the necessary rolling- 
stock. The number of these private cars owned by certain manufacturers is quite large. One firm owns 500, 
another 222, a third 172, and a fourth 167. 

In addition to the above there are at some establishments extensive works for the supply of water used in 
cooling coke. At those works using Belgian ovens engines are used to discharge the ovens. The number of 
these was not obtained. 





a Pittsburgh, its Industry and Commerce. Pittsburgh. Barr & Myers: 1870. b Idem, page 18. 
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The statement of washers used and of the number of locomotives, cars, and miles of railroad track is as follows: 
ee — a a 
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Clarion 5. c osceise ona atom anecieeteraterete 2 
Clearfield .0.25-.5++sccconmaneeersnes 1 
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(LAWPONCE bs co cease smcn sae eeeenpee em 1 
SLOP csienisss << ssn ce se os eee if 
Westmoreland jc... 22 <cseeneecusieaa’ 4 
TPOnNOS8lC wes cccccca-cduesbewects=aaaa Marion ti :s,,cscanckeseesaeceeeseee ta = 1 
ROGNCs scacculeaccmuacenthemeaaaned se 1 
Total... ocvieutsacaccgestccecehanisesccelnamectieteactite danwemte ate ws aaa 26 























Bomber ef Kind of washer. Remarks. 
1 Stutzickos. seaecesc pees escesapeacsess Not used. 
2 StUiz.2 cece esehecineivcs cans mee 
4jigs | Plunger..........-....---+-22---0--- Building. 
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1 Ein dre sic seeers cae ate ee cec ees Experimental. 
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4 Stutz. isceen. sees eee ee wee 
3 Pind res Ss. enacts cee teas see eee = 
1 Stash. 2 sacee. seas cepederuespiee wowace 
2 Diescher i.cc6s\dacnccnsqacnsewese es mee 
: 1 Sata seas ean cece aaee sjasies Ste cent ear 
2 Stubaiitcesis ac cca gasses ese 
1 Stata iseteee oscnatdacdeeeecaee aeeetes 
1 Daviders.. ceetssins os,cmsenedcn snc scsaes 4 compartments. 
4 Common sscsesnvcaw tee aeee sede eee 
4 Hy Pride cesencse senator enaee es orn 
2 Diescher.....-.---..-..-s20---cceee= 
) 1 DAU Ors scicsas ae aga esene esd toes 4 compartments. 
| 1 Waverly Coal Company............. 
1 Bloating Trougicscspescanses- eens 
1 Stutas. 0.25 wedasepaescseesarct Experimental. 
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STATEMENT OF NUMBER OF COKE CARS, LOCOMOTIVES, AND MILES OF RAILROAD TRACK AT COKE WORKS OF 
UNITED STATES, MAY 31, 1880. 
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* Five hundred cars also used in coal business. 
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+ Coke cars, employed in general traffic also. 


MATERIAL USED. 


The material of chief value used in the manufacture of coke is coal, of which 4,360,110 tons, valued at 
$2,761,657, were used during the census year 1879~80. This would make the average value of the coal used 63.3 
The average price per ton of bituminous coal at the mines for the whole United States during the 
census year was $1 25 per ton; that for Pennsylvania, in which state most of the coke was made, $1 01 per ton. 
This would make the average value of the coal used in coking a little more than one-half the average value of all 
bituminous coal, and about two-thirds the value of bituminous coal in Pennsylvania. 
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There are several reasons for this great difference. It is not because the coal used is inferior, for economically 
it is equal to the average of bituminous coal mined; indeed, it is much above the average. The average value of 
all bituminous coal is probably for screened coal chiefly, while that used in coking includes but little screened coal, 
but is mostiy the “run of the mine”, with considerable slack coal. This would reduce the value per ton 
considerably. As most of the coal used in coking is from mines that are part of the coke works, and as its mining is 
regarded as only incident to the manufacture of coke, and not as a separate industry, the coal is valued at the cost 
of production, with a small royalty added, with little or no account of profit. As the coal veins in the Connellsville 
region of Pennsylvania, where so large a proportion of the coke was made in the census year, are quite thick, 
the coal soft and easily mined, and the miners are paid for all coal brought out, the wages and consequent labor-cost 
per ton is much less than in mining for the coal market, where only screened coal is paid for, and for these several 
reasons the cost value put upon this coal for coke would be low. To indicate how low this might be, it can be 
stated that Connellsville coke was sold in some instances in 1878, delivered on the cars at the ovens, for 90 cents a 
ton. As it takes, say, an average of 14 tons of coal to make a ton of coke, and as the cost of coking must be 
included, it will be seen that the value of coal at coke works at that time must have been very low, even less than 
the 63.3 cents a ton shown in this report. Indeed, the value of the coal in a ton of coke in Pennsylvania was only 
about 874 cents, or, say, 584 cents a ton of coal. 
It will be noticed in Table I that the coal used is divided into three classes, ‘‘ coal used,” “slack used,” and 
‘“‘washed coal used”. Under the first class, ‘‘ coal used,” is included all lump coal, and also the coal used at works 
where the “run of the mine” or the entire product, lump, nut, and slack, is coked. All of these grades of coal, 
even though the lump may be crushed and washed, are included under the first class. Under “slack used” is 
included only the screenings of coal. The total of these two columns is the total amount of coal coked. The third 
class, “‘ washed coal used”, shows the total amount of coal washed. Most of this total is made up of slack coal, 
with a part of lump and the “run of the mine”, which have been crushed and washed. All of the slack coal 
used, however, was not washed. At some coal mines a few ovens are built, in which the slack which cannot be sold 
for other purposes is coked without washing. Some works also find it injurious to the quality or yield of the coke 
to wash the slack. 
Of the total amount of 4,360,110 tons of coal coked, 3,729,328 tons, or 85.5 per cent., valued at $2,392,449, or 64 
cents per ton, was lump coal and “run of the mine”; 630,782 tons, or 14.5 per cent., valued at $358,558, or 56.8 cents 
per ton, was slack. 
It will be noticed that the average value of “slack used”, though slack is generally regarded at the mines as a 
waste product of little value, is very nearly that of “ coal used”, being only 7.2 cents per ton less. This is due to the 
fact that a large part of the slack used is not coked at the mines where it is produced, and the freight charges from 
the mines to the ovens, and the cost of handling, add to its value. On the other hand, the ovens using lump coal 
and the ‘run of the mine” are usually at the mouth of the mine. In many cases the ovens are charged from the 
ears that were loaded in the pit, and all expenses for freight and handling are saved. The value of the slack at 
some points is also enhanced by a demand for it for purposes other than coking, as at Pittsburgh, where it is used 
at some of the iron works for making gas. 
Of the total amount of coal and slack used, 751,824 tons, or 17.2 per cent., valued at $533,818, or 71 cents per 
ton, was washed. This makes the value of the ‘“‘ washed coal and slack” greater per ton than the value of either 
the coal or slack. The crushing and washing of the lump and “run of the mine”, before referred to, involve in 
some cases a cost of 20 cents a ton; this is above the average, however; and the washing of the slack would add 
from 2 to 12 cents a ton to its value. 
No other material enters directly into the coke, the other materials reported being used for repairs and renewals 

of ovens, and for the tools and appliances used in the manufacture of coke. To arrive at the value of these 
materials has been the most difficult part of this investigation. In many cases it has been impossible to separate 
the materials and supplies used in the manufacture of coke from those used in mining the coal; but when it has 
been possible to make this separation, it has been done. Careful and extensive inquiries have been made, and an 
average has been taken from the reports of a number of works that have kept their cost of materials very carefully. 
As a result, it is estimated that the average cost of materials, other than coal, used in the manufacture of coke is 
about 74 cents per ton of eoke produced. When the value of material has been given it is reported; when 
statements of material have been omitted, or are imperfect, this average of 74 cents per ton is used. As a result, it 
is estimated that the value of all materials used, other than coal, is $233,784. 

The value of all materials used in the manufacture of coke in the census year is as follows: 


MotalvalnoiaeGodmnandesiaGlo: atwee. ue cies oues coe ce eee emsiaein sie ss tiene a wns clams aleala oalajue = qxidinio cae > ocaplad 2, 761, 657 
Motaiay a NeLOmotner WiabOLi a) Se oases sa cas anc mes ica cise = mm epson eis inlelals ole anisiw'din hie a.e'vel sam «aia a sisivnd sama laine 233, 784 








2,995, 441 
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The chief materials other than coal were fire-brick, red brick, wood, and castings, but no reliable statement of 
the amount of each could be secured. 
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WEIGHT OF THE BUSHEL. 


The weight of the bushel, which is so frequently employed as the unit of measure in the buying, selling, and using 
of coal and coke, varies but little in the different states. A bushel of coke is almost uniformly 40 pounds; but in 
exceptional cases, where the coke is very light, 38, 36, and even 33 pounds are regarded as a bushel. In one return 
56 pounds, in four 50 pounds, in one 48 pounds, in one 45 pounds, and in one 42 pounds are given as the weight 
of the bushel; but in these cases the coke would be quite heavy. These exceptions, however, are so few that 40 
pounds may be taken as the uniform weight of a bushel of coke. 

The weight of a bushel of coal differs more than this. In Alabama the returns give it as 80 pounds, and the 
same is returned for Colorado, Georgia, Illinois, Ohio, Tennessee, and West Virginia; but in Pennsylvania it is 76 
pounds, and in Indiana 70, 

EMPLOYES. 

Compared with the tonnage produced, the manufacture of coke requires the labor of but a small number of 
persons, the average number employed at each works that made coke in 1879~’80 being less than 25. There are 
but four works in the United States that employ over 100 men, and one of these is a works at which the labor is. 
performed by convicts. With other labor a less number of men would have sufficed. 

The total number of persons employed directly in the manufacture of coke, as returned at the last census, is. 
3,140, (a) of whom but 3 were women and 71 boys. 

The number of employés in coke works at the last four censuses is as follows: 


























Mal ] 

ales Females 

All. over 16. over 15. Youtie: 
Employés at census 1880. .----- 22+ --- 22 een n ee cee e ee cece ee cence ewe ne ect w ewer nent n ee ene e aetna teemenesnenes 3, 142 3, 068 3 7k 
Employ6s at census 1870-22220 cecce.- cnc amccen conc cccncccncc cnnwss pecerenesncesecencccsscccrcnccsceces cosscecccecss 528 O22 « |ss=see cemeee 6: 
Employés at census 1860 oo oes ccceasercvacesen a= semsne sane neanceun nave ite aecan de sss Ges ss «des desis = sinceseencblieae 198 198: |i... sce ca dal eee eae eee 
Employés at census 1850. .....-----seeeeeeene es eee e eee ene e eee eee ee ee eee ee ce eee nee rene ee ee nee nee n teens 14 14 eho ciate «a pilen aie elena eee 











Most of the employés are unskilled workmen, and would be classed as common labor. The operations connected 
with the manufacture of coke, for the most part, require only strength and endurance, and at many of the works, 
especially the smaller ones, even the term ‘ superintendent” does not imply much more than a “labor boss”. 
This is not universally true, however, as at some works the position of superintendent is one of importance and 
responsibility. 

WAGES AND EARNINGS. 

The total amount of wages paid during the census year in the manufacture of coke was $1,198,654.(b) This, 
however, does not include any wages paid in the mining of coal, but only the labor-cost, from the delivery of the 
coal at the ovens until the coke is loaded upon the ears. 

As the amount of coke produced during the census year was 2,752,475 tons, and the total of wages paid 
$1,198,654, the average labor-cost of producing a ton of coke would be 43.5 cents. 

Any attempt to deduce from the figures given in these tables the average yearly earnings of each person 
employed would be futile. The total amount of wages paid ($1,198,654), divided by the number of persons 
employed (3,142), would give a quotient of $381 50. Though such a quotient is often regarded as the average 
yearly earnings of each employé, a little consideration will make it evident that it does not represent such earnings, 
but that it really represents nothing but the result of the division of one number by another. A consideration of the 
circumstances attending the growth and development of the coke industry during the census year will show that this 
is especially true in its manufacture. Many of the old works, or those in existence at the beginning of the census 
year, were idle, in whole or in part, June 1, 1879, and did not resume in full until the census year was well 
advanced; in other cases additions were made to old works, and in still others entirely new works were built. 
To operate these various works additional persons were employed, not in place of others, but as an increase in 
their number, and therefore the number reported May 31, 1880, would be much above the average for the year, 
and very greatly in excess of the number at work June 1, 1879. These additional persons would, of course, be 
paid only for the time they were employed in making coke, and in the wages-total only the amount so paid, say, for 
two, three, or six months, as the case might be, would appear. Now, it would be manifestly misleading under these 
circumstances to say that the quotient resulting from dividing the entire amount of wages paid during the whole 
year by the number of persons employed May 31, 1880, some of whom had been at work but a month, would give 
the average yearly earnings. If there had been no increase in plant or in the number of persons employed during 
the year, if no persons had been brought into this industry from other industries or from idleness, and if, when the 
coke works were idle, the men employed at them performed no labor, then such a quotient might represent with 
some degree of accuracy the average yearly earnings of the persons employed in the coke industry; but when not 
one of these conditions exists, it is evident that the average yearly earnings of the men employed at the coke works. 
was not $381 50, but more than this—what, we have no data for ascertaining. 








a In Table I 3,142 employés are reported, but 2 are watchmen at idle works. 
b Of this amount $910 were paid two watchmen at an idle works. The amount is so small, however, that it is not subtracted in 
the following computations. 


MANUFACTURE OF COKE. 5 

A somewhat similar difficulty exists in any attempt to arrive at the average rate of wages paid to persons 
employed in this industry. This is a most difficult fact to ascertain in connection with this or any other industry. 
It is very easy to give an average of the different rates of wages paid, but this is more properly termed the average 
of rates of wages, not the real average rate. To arrive at the average rate of wages—that is, an average that shall 
consider not only the several rates paid, but the number of men employed at each rate, as the average rate can only 
be found by the consideration of both—is very difficult. 

In the following statement an attempt has been made to approximate the average rate of wages for a number 
of classes of employés at a portion of the coke works. These tables show: 

1. The range of the rates of wages, or the highest and the lowest rate paid the different classes of labor as 
given in the schedules returned to this office. 

2. The average rates of wages as near as can be ascertained. 

These average rates are found by multiplying each rate by the number of persons employed at that rate and 
dividing the sum of the products by the sum of the multipliers, which represent the number of persons employed at 
each rate for whom rates of wages are given in the schedules. It will be observed that the tables below do not take: 
into consideration the number of days the men were employed, or, in other words, the regularity of employment, 
jut simply give the range of wages and the average wages, without reference to such regularity of employment: 







































































SUPERINTENDENT. CLERK. | HAWLER. 
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o wages per month. ath | wages per day. |wagesper|| wages per day. Neg ae per 
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PERIODS OF PAYMENT. 


There are returns from 110 establishments showing the frequency with which labor is paid. Of these, 86 pay 
monthly, 14 every two weeks, 6 every week, 3 every three weeks, and 1 quarterly. This latter is an establishment 
in Tennessee that employs convict labor, and the state is paid quarterly for such labor. It will thus be seen that 
the rule as to periods of payment at coke works is monthly. 

The following table gives the periods of payment at the coke works of the United States so far as reported: 



































States. diotelnember of Quarterly. | Monthly. Bers sree Bvery typ Weekly. 

The United States.... 147 1 86 3 14 6 
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METHODS OF PAYMENT. 


Returns from 118 establishments show that at 56 of them there were stores connected with the works for 


supplying the operatives with goods, and that 62 were without stores. This would indicate that the “truck system” 
was in use at a little less than half the coke works, while a little more than one-half paid cash in full. 


What 


proportion of the wages paid at those works that have stores is in cash and what proportion is ‘‘truck” we have 


no means of knowing. 
The following table shows, so far as reports have been received, the establishments in each state that have 


stores connected with them and those that have not: 


States. 





The United States 


Coéloradotecee-<acsan oe 


Pennsylvania......... 





Alabainaciausnest esctcosucwecsnsbisier 


OOTT At ces se ceceecs.sssesnsanesas 
NW Op epoar SSeS Her Groce a DUneade 
Indiana jiopawasce ceases. oss nsec cone 


"TOMNOS8O6 Seven se ase tasacmasceses oes 

















Total number scuitisnients establishments . establishments 
of establish- | from which Dsenliwhs f rat pe Be 
ments. A at iokopar he nected with connected 
F them. with them. 
147 118 56 62 
4 4 3 1 
1 LiWis sacsateeeensict 1 
1 1 Loe ehae ceadeemiane 
4 1 i: 
2 1 Wicteeensenaeeeoee 1 
15 14 4 10 
104 80 38 42 
4 4 3 1 
12 vb 6 5 

















RELATIVE RANK IN PRODUCTION OF THE SEVERAL STATES AND COUNTIES. 


The relative rank of the several states and the counties in the same in which coke was produced in the census 
year 1879-80 is as follows: 


RELATIVE RANK OF STATES. 





States. 








The United States.....2-........- 


SHA AAP py 


. West Virginia 
Tennessee 
Georgia 
Alabama 


ee eee es 


ee cccwerce cocccbeccccscces 








Percentage of 
manufactured, | MaKe to total 
2, 752, 475 100. 00 
2,317, 149 84.18 
109, 296 3. 97 
95, 720 3. 48 
91, 675 3. 33 
70, 000 2. 54 
42, 035 1. 53 
18, 000 0. 65 
7, 600 0. 28 
1, 000 0. 04 











RELATIVE RANK OF COUNTIES, IN ORDER OF PRODUCTION. 
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make. 
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. Mayette, Pennsylvania... --o=<s-cseses-ssue sie sate 1, 260, 440 45.79 || 17. Clariony Pentisylvania. 21, oe as seen a Resmance me 
2. Westmoreland, Pennsylvania ...........-....-. 753, 501 27.38 || 18. Hamilton, Obi0. 2... 2ctscecesansancesne=sseceses 
3.) Blain, PennsylVallid-cosesseeeesaceeR acer eseaee 98, 154 3.57 || 19. Williamson, Ilinois.......----..-.-------...--- 
4. Allegheny; Pennsylvania: sn. ..5s.esse-ss-pecsas 95, 685 3.48 | 20, Armstrong, Pennsylvania....- Netee ae eiescn ie a sis ica 
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8. Weserson, Ohio..au-ussceue pees eescneee meee eee 57, 684 2.10: |) 24."Ohio, West Vereimit. waccctecsasunacceneceees ste 
9. Cambria, Pennsylvaniacoo- sce Sone shee cteeeucaes 51, 950 1:97} 25. Mahoning VObiocewasmescarceaenceacacaressns a5 
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0. 65 
0. 42 
0. 39 
0. 36 
0. 28 
0. 25 
0. 14 
0. 10 
0. 04 
0. 04 
0. 04 
0. 04 
0. 03 
0. 02 
0. 02 
0. OL 
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Pennsylvania in 1879-80 is credited with 84.18 per cent. of the total product of the country. There are no 
figures of product given at any previous census with which to institute comparisons, but comparing by values 
Pennsylvania made a little less than 80 per cent. in 1879~80, 92 per cent. in 1869-70, and 100 per cent., or all, in 
both 1859-60 and 1849-50. Though there has been a relative decline, the amount and the value of coke actually 
produced in Pennsylvania have very largely increased, as will be seen from the following statement: 


Value of coke produced in Pennsylvania : 


MRC CUSISRY GAOL Ta 2) hee a eee ees cttetene a ate Se he ate Hare ee Sister ee Po nic noeintete sree ct opiow eee e = $1, 250 
EHECEUAISEV OSU EL OOOO) 5 ca a Sena eek one ane et Se EN Re cae ears Dera e EN Aclcip'n onic Gait c marece «aedeee 189, 844 
NNECOnSUs! VOATs LEO 1 UG coca. ooo eee eee ee ee eR Se ie at ote Sued on sie boas at eae raetee ov eabe 1, 048, 716 
CEN SUBSVOAII LG £0 — Ole cio), Sera teraeue aotieke Oi ee eros Seaitee eda meee de aie welds deetemcepi eames Fo eeceenies < 4,190, 136 


The increase in value has been as follows: 


Increase in value of coke produced in Pennsylvania in 1859-’60 over that produced in 1849-’50........... $174,594 
VMAS CAS gM eh boat 4s Dette Pe? oe Rahn nian i eR eae ee Ape Sn ei 858, 872 
ine 8 79-—S0) OV Cr Lo0o— 10 secran om eter eee s ciaye Fee Seep ieee sicie cael a hens wet ee Sete cede weal aura Cele 8, 141, 420 


Ohio stands in the second rank as a coke-producing state, but far below Pennsylvania, producing but 3.97 per 
cent. in 1880. Making the same comparison of values with previous censuses as is made above in the case of 
Pennsylvania, Ohio made in 1879-80 about 6 per cent.; in 1869-70, 8 per cent. Prior to this no coke is reported 
as made in Ohio. Though in Ohio, as well as in Pennsylvania, there has been a decline in the value of product 
relative to the entire product, there has been an increase in total value. The value of the coke produced in Ohio 
in 1869~’70 was $83,675; in 1879~80, $334,546. 

None of the other states are reported as making coke at either of the censuses prior to the present. In West 
Virginia, Tennessee, Georgia, and Alabama, however, deposits of very good coking coal exist, and rapid advances 
are making in its manufacture—advances that before another census will probably place some, if not all, of these 
states ahead of Ohio in production, though they will hardly supplant Pennsylvania and reach the first place. 

Referring to the table of “counties in order of production”, it will be noted that two counties in Pennsylvania, 
Fayette and Westmoreland, produced, respectively, 45.79 and 27.37 per cent. of all the coke made in the country at 
the present census, or 73.16 per cent. of the whole. At the census of 1870 Fayette county, Pennsylvania, was the 
largest producer, returning $516,800 in value, Allegheny, Pennsylvania, following with $243,690, and Cambria, 
Pennsylvania, with $225,898. Westmoreland, which is now the second county, produced no coke, while Allegheny, 
formerly the second county, is now the fourth, and Cambria, formerly the third, is now the ninth; Dade county, 
in Georgia, Grundy, in Tennessee, Fayette, in West Virginia, and Jefferson, in Ohio, surpassing Cambria in amount 
of product. 


YIELD OF COAL IN COKE. 


The following table shows the percentage of yield in coke of the coal coked in the several states and the United 
States : 























States. Tons of coal used. | TOS en Red ca Bie Metin EE oe 
The United States ............... 4, 360, 110 2, 752, 475 63.1 
} 

AlSDRING cc< cases ee eecaeeee anne 67, 376 42, 035 62. 4 
ColoradO-esscsscosse = senececaanssc eo 29, 500 18, 000 61. 0 
Goorgid tess te fancan tan -sesee snes af 117, 000 70, 000 59. 8 
Uilincig tas. cecees eee eso seees soe 15, 000 7, 600 50.7 
TNGIaANA sen-cauccascemeneeenisisn neurone 1,500 5 1, 000 66. 7 
ODIO See soce cares ce eeeeeneemelen ase ests 193, 848 109, 296 56. 4 
Pennsylvania ........... Paawens vaste 3, 608, 095 | 2, 317, 149 64, 2 
TONNOSEOO soneaasccccsncesiessesecucs 179, 311 | 91, 675 | 51.1 
West Virginia ....-....--+--.2------- 148, 480 95,720 | 64.5 





From this table it appears that the coal coked in the United States yielded on an average 63.1 per cent. of coke. 
‘The range of the yield in the several states was from 5®.7 per cent. in Illinois to 66.7 in Indiana. The high average 
yield, in view of the range, it being very nearly equal to the highest percentage yield, is due to the high average in 
Pennsylvania, 64.2 per cent., which produced 84.18 per cent. of all the coke made. 

The yield of 66.7 per cent. in Indiana is an estimate. In the schedule return the amount of coke produced was 
given at 1,000 tons, and the statement was made that the yield was “ about 66 per cent.” As no record of the coal 
charged into the ovens was given, this estimated yield was taken, and the amount of coal used was estimated at 
1,500 tons. 

Neglecting this, then, as only an estimate, and considering the figures of coal used and coke produced actually 
reported, it will be seen that the next highest yield is in West Virginia and in Pennsylvania, which report essentially 
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the same yield, there being a difference of only three-tenths of one per cent. As part of the coke made im 
Pennsylvania.is made by the wasteful method of coking in pits, it may be assumed that the present investigation: 
shows that the yield of Pennsylvania coals and that of West Virginia are about equal. This is further confirmed 
by the following tables. The counties in these two states of the greatest preduction are Fayette and Westmoreland,. 
Pennsylvania, Fayette and Preston, West Virginia, and the coal used, coke produced, and yield of coal in coke 
for these four counties, which together produced 76 per cent. of all the coke made, are as follows: 











Counties. States. Tons of coal used. | Tons ee Pe earcentens yield 

| 
|). Wayetto. tose scot ee Pennsylvania ..- 1, 910, 279 1, 260, 440 0. 66 
Westmoreland....... Sees ceasmice tenes 1, 195, 824 753, 501 0. 63 
WayetiGicesssaes eon West Virginia ...| 88, 769 57, 943 0. 65 
Preston. -....5sss6 Saas QOcee sen eee nen ponSel 33, 777 0. 63 























The low yield in some of the other states is doubtless due chiefly to two causes: First, wasteful methods of 
coking; and, secondly, the use of coals not well adapted to coking. \It should be stated, however, that yield is not 
always a measure of the economic value of coal for coking purposes. 


AVERAGE SELLING PRICE OF COKE. : 


The figures in Table I under the caption “ Value of product”, and in the accompanying table under “ Total: 
value ”, are to be regarded as the total selling price of the coke produced when loaded on cars at the ovens, or, 
expressed in trade language, “f. 0. b. cars at ovens.” The “average value” in the table given below is the 
‘‘ average selling price” at the ovens. Coke is rarely stocked at the place of manufacture, but when drawn from 
the ovens is loaded directly into cars and sent to the place of consumption, where any surplus stock, or an amount 
necessary to provide against delay in delivery, is stored. 

It should be noticed in regard to this selling price that the census year was a period of great fluctuation 
greater probably than ever before in the history of the coke trade. In July, 1879, coke was selling at from $1 15 to 
$1 30 per ton (2,000 pounds); but during the latter part of that year it advanced quite rapidly, and sold early in 
1880 in some instances as high as $5 a ton. The decline in price was equally rapid, and at the close of the census. 
year, or early in June, 1880, it was selling at from $1 25 to $1 50 per ton. 

As an important factor in determining the selling price, it should be noted that a large proportion of the total 
product is sold to blast-furnaces on contracts running generally for a year. The time of making these contracts in 
many cases was such that the coke works failed to profit by the very large increase in prices noted above; and for 
much of the coke supplied to blast-furnaces that were blown in to meet the great demand for iron during the census. 
year, as well as that sold in the course of daily business or on “ short-time contracts”, very good prices were: 
obtained. These amounts, however, were not sufficient to increase the average materially, and under the combined. 
influence of the contract system and the great fluctuations in prices noted above the average selling price was low. 
These same influences also had a marked effect upon the relation of cost to the selling price. Contracts taken at low 
rates had to be filled when cost had materially advanced and coal appreciated in price, and as a result the amount 
of money made during the census year in proportion to the amount of coke sold was very small. 

The average selling price for the census year in each state and in the United States is given in the following 
table : 


AMOUNT AND TOTAL VALUE OF COKE PRODUCED IN EACH STATE IN CENSUS YEAR 1379-0, AND AVERAGE VALUE 
OF SAME PER TON. 


[Arranged by states, according to average value.] 























| 
States. pe potalaumabes 66 3) etal valine, ae eee 

The United States............. | 2, 752, 475 $5, 359, 489 $1 95 
Colorddo t5224=:.4200 thea eee 18, 000 90, 000 5 00 

| “Alabama cucsccteece ee. eee 42, 085 148, 026 3 52 
Tilindis v2.0; eee eee 7, 600 24, 700 3 25 
Ohio Wi Aig hee a eee 109, 296 334, 546 3 06 
Tndianddsys: 4-.ccee- seeker eee 1, 000 3, 000 3 00 
"PONNESECE sina ic oe paws weniteea eee ee 91, 675 212, 493 2.32 
West Viroinia four. st cee ee eee 95, 720 216, 588 2 26 
GeOr gia sca. se cats sacee eee eee a. | 70, 000 140, 000 2 00 

| Bennsylwanta Wiis Sa-ddeapiencncd 2, 317, 149 4, 190, 136 1 81 
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The selling price, as given, should by no means be regarded as an evidence or even as an indication of the 
‘economic value of the cokes of different states. For example, the price of Pennsylvania coke, which is chiefly 
‘Connellsville, than which there is no better made in the country, averaged for the year only $1 81 per ton, while 
the Indiana coke, which is not equal to the Pennsylvania coke, and was indeed only experimental, is rated at $3 per 
ton. The difference in the selling price of cokes of the different localities is due mainly to its quality, the local 


demand, the amount made, and the distance from centers of supply. 


The Connellsville coke, which may be 


, regarded as a typical coke, furnishing the chief fuel for the smelting of iron and other metals west of the Allegheny 
mountains as well as for use in founderies, virtually fixes the price for all other coke, the price at different points 
depending chiefly upon that at which Connellsville coke can be delivered at these points. 


The very low price at which coke is sold is one of the remarkable features of this industry. 
ton of coke one and one-half tons of coal are required. 


To manufacture a 


This coal was handled at the ovens, burned, drawn from the 
ovens, and furnished, loaded into cars in the Connellsville region, for $1 81 per ton of coke, or $1 20 per ton of coal. 


TABLE I—STATISTICS OF THE MANUFACTURE OF COKE IN THE UNITED STATES, AT THE 
CENSUS OF 1880, BY STATES. 
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* See remarks under Materials, page 7. 
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TABLE II.—STATISTICS OF THE MANUFACTURE OF COKE IN THE 
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TABLE III.—STATISTICS OF THE COKE WORKS OF THE 
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UNITED STATES IDLE AT THE CENSUS OF 1880. 
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RELATION OF COST OF COKE TO SELLING PRICE. 


In the accompanying table will be found the average Selling price of coke per ton in the United States and in each 
state, and the value of the different elements of cost so far as the data for the same have been collected and are 
ascertainable : 










































































=— 
COKE PRODUCED. | Valne of | S#EUING PRICE OF COKE. | WAGES PER TON OF COKE. | Value.of | Value of 
# coal re- | materials 

States. || Value of Total | Be | quired to, other 

coal used, /wages paid. other || Average |Range of prices|| Average || make a than coal 
Tons. Value. than coal.|| per ton. per ton. per ton. Range per ton. | b= : | ee 
a | : ‘ae | |_ eae 
The United States ...| 2,752,475 | $5, 359, 489 || $2, 761, 657 | $1, 198, 654 | $233, 784 $1 95 | $1 00 to $5 24 $0 44 $0 20 to $1 30 || $1 00 $0 08 
Alsbbme penis tected sedenc 42,085 | 148,026 || 75,314 38, 500 1, 304 362| 350to 400|/ 92 | 56to 93 || 149 | 03 
Coloradoves ss teeestes eee 18, 000 90, 000 |) 29, 500 | 13, 500 600 | 5 00 5 00. 75 75 Woe L164 03. 
Georgia reieietitiay ul. 70, 000 140,000 || 120,000} 18, 887 4,900 || 200 2 00 20 20 1 «det 07 
PELTE Ce) Settee P teade Lee Villy 7,600| 24,700 |) 15, 000 9, 347 420 | 3 25 325 || 123 124 197 06 
TndianaG\sicot s,s fu, 1, 000 3, 000 || 2, 025 300 200 3 00 3 00. 30 30 2 03 20 
Dis omic ere tan eae eee 109, 296 334, 546 | 298,432 | 51, 977 5,399 || 306] 175to 4 00 48 30 to 1 20 | 2 01 05 
Pennsylvania ............-- 2,317,149 | 4,190, 136 | 2, 031, 305 | 983,481 | 209, 849 | 1 81 100to 5 24 42 23 to J 30 88 09 
PLORNOSSEG ease cutee ceens et 91, 675 212, 493 || 124, 137 | 38, 820 8, 092 2 32 2 00to 4 74 \ 42 35 to ii 1 35 09 
West Virginia............. 95, 720 216,588 || 135,944 | 48, 942 3, 020 | 226} 150to 400) 51 37 to. 7 1 42 03 




















In considering these figures it should be most carefully noted that all the elements of the cost of coke are not 
given. No attempt was made to ascertain all these items, and my experience in other positions convinces me 
that any such attempt would have been an utter failure. The average business man will not give to his competitors, 
much less to the whole world, all the details of the cost of manufacture, nor indeed such details as will enable 
others to approximate, with any degree of accuracy, his cost, and therefore how much or how little profit he is 
making. This should not be expected. 

The only elements of cost given are wages and material. Among the elements of cost of a ton of coke which 
are not given are interest, taxes, insurance, collections, postage, rents, general office expenses, expense of selling, 
bad debts, and many other items, and in most cases the hauling of coal from the pit to the ovens, washing, profit 
chargeable on coal, ete. 

With these considerations in mind the following table should not be misleading: 
































AVERAGE COST OF LABOR AND MATERIAL TO TON OF 
Perea COKE. 
selling 
States. Sue a ton 
ot coke. , | Other 
Coal. | material. Wages. Total. 
The United States...........---- $1 95 $1 00 | $008 | $0 44 $1 62 
Asbestos Tisch Ae: Sree 3 52 179 | 03 92 2 74 
(bloradoccacacie seo AEP eee 5 00 rea | 03 15 2 42 
Georgia -c <> Asyesew eases ere cence 2 00 ib yal 07 20 1 98 
DUINOI8 a5 wap esis cesmcsiobaees woe ene 3 25 1 97 06 1 23 3 26 
Endiang ese iacsaee seen + are eee ane 3 00 20s anh 20 300% 2 53 
Ohio eects bee See ee gia 05 48 2 54 
Pennsylvania 09 42 1 39 
LONNOSSOO So cacewcur ek ccbeee ns meee ee 09 42 1 86 
West Virginia 03 51 1 96 
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Part I].—COKING IN THE UNITED STATES. 


THE COAL-FIELDS AND COAL.OF THE UNITED STATES IN THEIR RELATION TO THE 
MANUFACTURE OF COKE IN THE CENSUS YEAR. 


A discussion at any length of the geological features of the several coal-basins of the United States, or even 
of the geology of the coking coal, does not lie within the scope of this report, nor will an attempt be made to 
establish the correlation of the different seams of coal used in coking in the several states. All of these subjects 
belong more properly to the report on coal, and will be referred to and discussed in this report only incidentally. 
Neither will it fall within the plan adopted to show, save in the most general way, the extent of the deposits of 
coking coal nor the character of these deposits, except of such as furnished coal for the manufacture of coke during 
the census year. 

The coal used in the manufacture of coke at the census of 1880 represented three of the great coal-basins or 
coal-fields of the country, the Appalachian, the Illinois, and the Colorado. By far the larger part was derived from 
the measures of the great Appalachian field, less than 1 per cent. of the total coming from the Illinois and Colorado 
basins. 

This Appalachian basin is at present the most important of the coal-fields of America. Beginning near the 
northern boundary of Pennsylvania, it extends for a distance of over 750 miles in a southwesterly direction, 
following the western line of the Allegheny mountains with a course nearly parallel to the Atlantic ocean coast. 
line, through western Pennsylvania, West Virginia, Kentucky, Tennessee, Georgia, and Alabama, to Tuscaloosa, 
Alabama, where it ends. The average breadth of the field is from 80 to 90 miles, the area being fully 70,000 square 
miles. 

The eastern escarpment of the Allegheny mountains formed, and still forms, the eastern border of this 
basin, while the great Cincinnati anticlinal hemmed it in on the west and separated it from the measures of the 
Illinois basin. The eastern line of this field is comparatively regular, following the trend of the mountains ; but 
the western is very irregular, the basin being quite broad in its northern area, contracting through Tern oases 
and northern Alabama and expanding considerably at its termination in Alabama, though by no means so broad 
as in Pennsylvania, Ohio, and West Virginia. 

In the northern part of this basin the coal is found in numerous isolated patches, the chief of which are the 
Blossburg, McIntyre, and Barclay. Between the eastern edge and the ocean other detached fields are found, 
such as the anthracite coal-fields of northeastern Pennsylvania, the Broad Top semi-bituminous coal-field of 
middle Pennsylvania, and the Cumberland coal-basin of Maryland. These patches are all that have been left by the 
denuding agencies which have swept away so much of the Devonian and Silurian rocks and cut so deeply and 
sharply, and at the same time so destructively, into these measures in this belt of country. 

Along nearly the entire length of this great field, from Blossburg, Pennsylvania, on the north, to Birmingham, 
Alabama, on the south, the colae industry has been established. The ovens, following the zone of best coking coal, 
are Beaerally found near the eastern limits of the field, hugging the mountains, the coal in the middle or western 
part of the basin being, as a rule, not so well adapted to coking as that in the eastern. 

The greatest name ionntent in the manufacture of coke is in the Connellsville region of western Pennsylvania, 
a small trough 50 or 60 miles long by 3 miles wide. The Connellsville coke is regarded as the typical coke of this 
country, as the Durham is of England. Some other regions in this field may produce a coke equal to the Connellsville, 
but as a blast-furnace fuel especially, which is the purpose to which most coke is put, it is so well adapted, its use 
is so extensive, and its characteristics so well known, that it fully deserves the designation “typical”. Coke is 
made at other points in Pennsylvania, especially in ae Allegheny Mountain region, in the Ligonier valley, and 
near Pittsburgh. As a rule, nong of these cokes equal the Connellsville. In some cases the cokes are lower in 
ash but inferior in physical structure, while in others washing is necessary to produce a fuel for blast-furnace uses. 

In West Virginia the New River coal furnishes}the most and also the best coke. Analysis shows it to be 
lewer in ash than the Connellsville, and its producers assert that it is fully equal to it as a blast-furnace fuel; but 
this is by no means conceded. The Preston County beds, which are regarded as the equivalent of the Ligonier 
Valley coal of Penrsylvania, are also used to a considerable extent, but the coke is not equal to the New River coke. 

In Ohio most of the coals are coking coals, but the deposits are much thinner than in either Pennsylvania 
or West Virginia, and generally, though not always, contain an objectionable ameunt of sulphur. The coals are 
coked only to a limited extent; and the manufacture of coke is not increasing as rapidly as ia Pennsylvania, West 
Virginia, and Alabama. 


20 MANUFACTURE OF GOKE. 


in Tennessee the Sewanee seam furnishes most of the coke, while in Alabama coals from both the Warrior and 
the Cahaba fields were coked, furnishing a most excellent fuel. The extreme eastern outcrop of the Appalachian 
basin cuts the northwestern corner of the state of Georgia, furnishing a small patch of coking coal, from which some 
coke was made in the census year. 7 

Two important facts regarding. the character of the coal in this Appalachian field have been pointed out. 
These are the debituminization eastwardly of the coal and the similarity of the composition of the coals in the same 
basin. These laws are of considerable importance in connection with the coke industry, the one indicating generally 
the location of the seams of best coking coal, the other bearing on the future supply of this coal. (a) 

The fact of the debituminization of the coals eastwardly has been pointed out by Professor Rogers. Whether 
this has been accomplished by the heat evolved by the dynamic crust-flexing force or by conditions in the coal flora 
is immaterial in this connection. Certain it is that the most abnormal condition of the coal is found in the extreme 
eastward coal-fields, in the natural coke or anthracite coal. From this anthracite range westward the bituminous 
element in the coal-beds increases gradually until the zone of full pitchy or gaseous coal is reached in the vicinity 
of Pittsburgh. 

The following analyses exhibit these extremes: 


e Per cent. of Per cent. of 
- bituminous. anthracite. 
Fixed carbon, (MM, p.17, No. 180) (b) .-.-.. -. -2---- cece + eee oe cone cece coe e ce enee sans 48. 769 89. 06 
Volatile matter....-.------------ ew ween cece ere se cnns esis cecnscsoens= meecnesnie Rea Se 40, 995 3. 45 
PAB oo cle eww edcletaisis sycrelemie Sion & atm 6 eteel REM foretell eat eters elena eee 7. 020 5. 81 
Snipbur.2 co: gece cate AU bud des wed oxe sewed q2gd vale eee ae 2. 206 0.30 
Phosphorus... 2-26 o.oo cacvle owen ae ne lslaminaia b= sien ls mm eaten minle le ialm af oleate ies tee eta tee aimee 0. 024 
Moisture. so. oc Fase hainec s sae sini slate peta reia'e Cl ara 'n wie am wie ele ar tetera re eat , 1.010 1.35 


The following table shows the increase westwardly of volatile or hydrogenous matter in the Upper Coal- 
Measures (McCreath) : 



































| Reports 
Volatile .| Pennsylvania 
Coal-fields, Moisture. | Carbon. haktee Ash. | Sulphur. Second 
. Geological 
Survey. 

: 7 ar ia = A aa peso “al 
Amthracites.s--ces--2c-see~ 02 1.36 89.06 | 3.45 | 5.81 0. 30 L, p. 183. 
Cumberland 2. 06.5. sssens em 0.893 | 74.289 | 15.522 | 9.296 | 0.714 | H3,p.101. 
Sallapary aces deat vaink case | 1,665 68. 774 22. 35 5.965 | 1.246 | 
Connellsville...... Seppe phe ee 1. 26 59, 52 30.11 | 8.23 | 0.78 
Greensburphsccp ccc snsssscleee 1. 02 61. 34 33.50 | 3.28 | 0.86 | MM, pp. 23, 24. 
Sriyin i bE Nee te et bd uae 54. 44 87.66 | 5.86 | 0.64 | MM, p. 22. 

| | | 








This table leaves a gap of 30 miles between Salisbury and Connellsville without analysis of the great Pittsburgh | 
bed, the Upper Coal-Measures, including the great Pittsburgh bed, having been swept away with the exception of 
the Salisbury and Fairfield basins, from a belt of 35 miles broad, west of the Allegheny mountains. 

The following table shows the character of the Lower Coal Series in the Allegheny field (McCreath): 











| = oe hee ’ 
Coal-fields. Moisture. | Carbon. Moores Ash. Sulphur. Second? 
Geological 
Survey. 
Anthracite. ...... LC eusnopeees 1. 35 89. 06 3.45 5.81 | 0. 30 
Broad Top.cécsciace eee 0.77 | 73. 34 18. 18 6.69 | 1.02 
Bennington ............000+- 1.40 61. 84 27. 23 6.93 | 2. 60 
Johnstown .:.:5:s--ieasnams 1.18 74. 46 16. 54 5.96 | 1.86 | - 
Blairveville ccc s-we secnteeeee ae 0. 92 62, 22 24. 36 7.59 | 4. 92 H4. 
| Armstrong County....-.-..-- 0. 96 52. 03 38. 20 5.14 3. 66 M 3, p. 56. 

















The gradual increase of volatile matter from the Broad Top coal-field of the east to Armstrong county in the 
west, a distance of about 75 miles, is very marked, showing an increase of 0.267 per mile. Making a comparison 
of coals from the second bed in the Lower Coal-Measures, bed “B” of the Second Geological Survey of Pennsylvania, 
we find that this bed at Bennington contains 27.23 per cent. of volatile matter, which exceeds its legitimate 
richness westward 2.38 per cent. At Johnstown, in the second sub-basin, this bed “B” contains 16.54 per cent. 
of volatile matter, or 10.98 per cent. less than its westward position should afford. This is.a remarkable exception 
to the law of general bituminization of coals westward. 

So far as determinations have been made on coals in this second sub-basin north and south of Johnstown, this 
condition of “dryness” in the coal-bed has been found extended and uniform. How far it may reach northeast and 
southwest has not been determined. 

Blairsville, 55 miles west from Broad Top, has coal containing 24.36 per cent. of volatile matter. This is 8.50 
per cent. under its normal richness, showing the broad range of the operation of the causes that have produced 
these exceptional results. In fact, this Blairsville coal is lower in volatile matter than the coal at Bennington, 30 
miles eastward. 


a For the following statement I am indebted to Mr. John Fulton, M. E. 
b These letters refer to the various reports of the Second Geological Survey of Pennsylvania. 


MANUFACTURE OF COKE. 21 


Armstrong County coal attains a mature condition, and is constituted with its full share of volatile matter, 
38.20 per cent. This last result unfolds a truth that has been clearly pointed out by Professor J. P. Lesley: the 
similarity of the elements of coals in beds in a common basin. Taking the Salisbury coal as an illustration, and 
its congener, the Berlin bed, below, in the same geological range, they are constituted as follows: | 


Salisbury (Pittsburgh). Berlin bed. 
(HH) 


H, p. 78.) (HHH, p. 34.) 
Per cent. Per cent. 
RTGS G TL Gket mene Rate eshS a c.eie ce was Fah oe eon wisiele =, ala ots Sele Sia 6 fava cts earls wip rnvoe soe a a.see 1.385 2.010 
ae MCU Mi ttmeitete taiate <a, 02s in hn Sew eae ern omits ca eeiaaccememacs trav eeces te cece te ok 69, 352 68. 321 
IVE Cy NED LOU true aietertals hc eee hs 2. Cel eal Minln «Sia eit ctala th cretnie siete steele tidlecdu se eies ales 21. 470 pA OS 319) 
EAS eee eee tas ols nia fiefs ajacinie eee Deis Rie Re Ne ae Seinicul ne else ok Be cee el sees Nhe wee 7. 030 8. 390 
NS Re Gey a se vstemtiag ae peasletan tans te oi Cea aacthe ates hai ee take 0. 763 0.744 


The slight increase of volatile matter in the higher beds of Salisbury and Johnstown sub-basins has been 
observed. 
The coals in the lower and upper series in the western counties of the state show as follows: 


Pittsburgh bed 


(M3, p. 56). Kittanning coal. 
Per cent. Per cent. 
VEGI: tate eee tee ete crete ere = Senta acta lalaltiale aie aw aivsice ale a alicet ccciccic otesliceateuine semen tier 0. 800 0. 96 
NCUA GLL ORME ULG litte eee cee crete esta aa emis ee cietepie swieiiachca Jceleccc ald unr onet oe eee ae 36. 900 38. 20 
aK eCl Gal OL Meee, 5 ee aaa aisle oot Ge damteiso aes oo va.cuciys aa abis LaseOeee eee eeaes 50. 230 52. 03 
SARI) NT) Koper eer eal cies elevate Sa iolen ~ clei bate a hese tale salsc cite cis « cle emanichme tee aa ames 3. 040 3. 66 
LUCIE OIE A he i ed Eh es Tae ee ~ 9.030 5. 14 


These results confirm the view of the uniformity in elementary matter in coal-beds in the same basins, with 
slight variations. 

The importance of this law will appear when the future supply of coking coals shall be considered. 

The coal-measures of the Illinois basin very nearly equal in area those of the Appalachian basin, covering about 
47,188 square miles, (a) but they by no means equal the latter in the character of their coking coal. This basin 
occupies the larger part of the state of Illinois, the southwestern portion of Indiana, and the western part of 
Kentucky. Its eastern limit is the rocks of the Cincinnati axis, which separate it from the Appalachian basin, 
while its western margin is formed by the bed of the Mississippi river, which has been excavated through it and 
separates it from the Missouri basin. The beds of coal in the Hlinois field are not as thick as in either the Appalachian 
or the Missouri basin, though their number is about the same as in the former. ‘The coals themselves are more 
apt to be impure,” (b) being high in sulphur and ash. This is not uniformly the case, however, as will be evident 
from an inspection of the analyses of the Big Muddy and Cartersville coals of southwestern Illinois. The character 
of the coals of this basin, and the difficulty of adapting them to the manufacture of coke, is shown in the fact that 
but 8,600 tons of coke were made from them in the census year. At present (1830) the successful manufacture of 
coke in the Illinois basin is confined to the two localities in southwestern Illinois mentioned above: Mount Carbon 
and Cartersville. 

In Indiana the coals of the ‘‘ eastern zone” of Professor Cox’s reports, or the lower measures, are non-coking, 
being the well-known block coal of the state, which can be used raw in smelting iron. The “western zone”, or 
upper measures, which are much more extensiv ethan the lower, contain deposits of good coking coal, generally, 
however, so far as they have been tried for making coke, high in ash and sulphur. 

The coals of the northern part of this basin in [linois are too sulphurous to make good coke, but in the 
southwestern part of the state there are several small deposits of quite pure coal, which, although dry-burning, 
makes a very good coke when crushed, washed, and charged wet. The portion of this field lying in Kentucky, like 
that part of the Appalachian field lying in the same state, has not been utilized for the manufacture of coke. 

But little is known of the extent of the coking coal in what I have termed, for want of a better name, the 
Colorado basin; but from the coal mines of the Trinidad region, which are the highest above the sea-level worked 
in the country, some coke was made in the census year. For many years it was believed that all the coals of this 
section were lignites or brown coal; and speaking as late as 1875 Professor Hayden says of this region: 

According to Dana’s classification, I should term these coals caking or binding bituminous coal. The term lignite is generally used, but 
speaking from the strict standpoint of a mineralogist this name is not applicable. 

The term “lignite” applied to these coals has no doubt given a widespread but erroneous idea as to their 
character, which the success of the Colorado Coal and Iron Company in coking them has entirely removed. There 
are other extensive beds of coking coal in this region, but little is known of them except of the most general 
character. 

Of the adaptability of the coals of the other basins of the country to the manufacture of coke, our information, 
so far as relates to actual attempts on a commercial scale, is very limited. The coal of the Rhode Island basin is 
anthracite, and is a natural coke. In the Missouri basin some coke has been made in Iowa, and it is rumored that 








a Statistical Atlas of the United States, page 12. Some authorities make this 68,000. b Tbid., page 13. 
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some ovens have been built to test the coal of this basin in Missouri. The coals of the Michigan basin are reported 
as not being adapted to coking. No trials have been made of the coals of the Texas basin, and but little is known 
of them. A number of trials have been made with Utah coal, and there is said to be a number of deposits of good 
coking coal in that territory. 

In the following table will be found analyses of a number of the most important coking coals of the United 
States, and the oven cokes made from the same. These all appear in the remarks regarding coking in the different 
states, and are brought together here for convenience of reference and comparison. The cokes‘are supposed to be 
industrial cokes, unless it is stated otherwise : 
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* Average of top and bottom of vein. 
t Analysis is of washed slack and coke from same. 
t The coal is ‘‘run of mine’’; the coke is made from washed slack. 


HISTORY OF THE MANUFACTURE OF COKE IN THE UNITED STATES. 


The first date I have been able to find at which it is claimed that coke was used in this country is that given 
in French’s history of the iron trade,(a) which states that coke was employed a few years before the Revolution 
in the manufacture of pig- and refined bar-iron. . 

While this is possible, it is hardly probable that coke was used in the blast-furnaces and refineries of this country 
at this early date. It was not until 1735 (b) that Darby used coke successfully at Coalbrookdale, in Shropshire, 
England, and it was not until 1750 that it came into anything like general use in that country as a blast-furnace fuel. 
The repeal by the British parliament in 1750 of the import duty on pig-iron from the American colonies stimulated 
its production in this country, but it was the scarcity of wood for fuel in Great Britain that led to this action, and 
it was charcoal pig-iron, not coke pig, to supply the demand of English iron works, that was sought for export. It 








a History of the Rise and Progress of the Iron Trade of the United States, by B. F. French (New York, 1858), page 58. 
b See chapter on “History of Coke in England” for difference among authorities as to this date. 
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is hardly probable that there would be any demand for foreign coke-iron in England at that time, especially at the 
price at which it could be made in America and transported to the British iron works. Even charcoal pig-iron could 
hardly have been exported with profit were it not for its comparatively high price in England, caused by the 
searcity of wood fuel. The great abundance of wood in this country—large tracts being burned for the ashes—and 
the fact that coal suitable for coking, if it existed at all, was found only to a limited extent in that portion of the 
country in which iron was made prior to the Revolution, would seem to preclude the idea that coke was used for 
the manufacture of pig-iron, as stated by French. When, in addition to this, we recall the imperfect knowledge 
of the method of manufacture and use of coke in this country, the difficulties of transportation, and the prejudice 
in favor of charcoal iron, it would seem, in the absence of other and more definite information, that French’s 
statement must be wrong. 

With the close of the Revolution and the subsequent emigration from England numbers of skilled iron 
workers found their way to this country notwithstanding the stringent laws against such emigration and the 
heavy penalties imposed upon those discovered in the attempt to emigrate. Among these workers were doubtless 
some skilled in the manufacture and the use of coke. This supposition is borne out by an advertisement 
which appeared in the Pittsburgh Mercury of May 27, 1813, in which one of these emigrants offers his services to 
instruct blast-furnace managers in the methcd of manufacturing coal into coke. The advertisement was as 
follows: 

To proprietors of blast-furnaces : 

John Beal, lately from England, being informed that all the blast-furnaces are in the habit of melting iron ore with charcoal, and 
knowing the great disadvantage it is to proprietors, is induced to offer his services to instruct them in the method of converting stone 
coal into coak. The advantage of using coak will be so great that it cannot fail becoming general if put to practice. He flatters 
himself that he has had all the experience that is necessary in the above branch to give satisfaction to those who feel inclined to alter 
their mode of melting their ore. JOHN BEAL, Iron Founder. 

N. B.—A line directed to the subscriber, postpaid, will be duly attended to. 


I have been unable to learn whether Mr. Beal’s proposition was accepted. 

Shortly after this, however, in 1516~’17, Colonel Isaac Meason built the first rolling-mill erected west of the 
Allegheny mountains, to puddle iron and roll iron bars, at Plumsock, in Fayette county, Pennsylvania. At this 
mill, which went into operation September, 1817, coke was used in the refinery. This is the first definite statement 
that I have been able to find of the use of coke in this country. It is an interesting fact that it was made on 
Redstone creek, about midway between Connellsville and Brownsville, in Fayette county, the county that produced 
the largest number of tons of coke in the last census year. 

This mill was built under the direction of Mr. Thomas C. Lewis, one of the English emigrant iron-workers 
before referred to. The next notice I have been able to find of the use of coke was at a blast-furnace built under 
his management, the Bear Creek furnace, situated in Armstrong county, Pennsylvania, one mile from Lawrenceburg, 
the present Parker’s Landing. This furnace was built to use coke, and went into operation in 1819. It was 
unsuccessful, however, the blast being too weak, and the furnace chilled after making two or three tons of iron, 
and the attempt to use coke was probably abandoned. 

The rapid disappearance of the forests of Pennsylvania and the abundant deposits of bituminous coal caused 
widespread attention to be given to the use of coke in the manufacture of pig-iron, and during the next few years 
attempts were made in the western part of that state to utilize bituminous coal for this purpose. In 1825 the 
acting committee of the Pennsylvania Society for the Promotion of Internal Improvement sent Mr. William 
Strickland to England as their agent to study various subjects relating to internal improvements, and also charged 
him with investigating the methods employed in the manufacture of iron, allowing him £100 for expenses of the 
iron investigation. 

In their letter of instruction to Mr. Strickland the committee say: (a) 

Attempts of the most costly kind have been made to use the coal of the western part of our state in the production of iron. 
Furnaces have been constructed according to the plan said to be adopted in Wales and elsewhere; persons claiming experience in the 
business have been employed, but all has been unsuccessful. In large sections of our state ore of the finest quality, coal in the utmost 
abundance, limestone of the best kind, lie in immediate contiguity, and water-power is within the shortest distance of these mines of 
future wealth. The prices which are obtained for iron on the western waters are double those of England, the demand is always greater 
than the supply, and thus nothing but knowledge of the art of using these rich possessions is wanted. 

We é@esire your attention to the following inquiries on the subject of the manufacture of iron: 

1. What is the most approved and frequent process for coking coal, and what is the expense ofthe process per ton or caldren? 

2. In what manner are the arrangements or buildings, if any, constructed for the coking of coal, obtaining drawings and profiles 
thereof? 

3. Are there different modes for coking coal; and if they have any differences in principle, what are they? 

4, In what manner are the most approved furnaces for the smelting of ore constructed? Drawings and sections of the same to 
accompany the information which may be obtained upon this inquiry. 

5. The mode of drawing off the pigs, the plan adopted for keeping supply of ores, if peculiar or superior to that used in this 
country ? 








a The First Annual Report of the Acting Committee of the Society for the Promotion of Internal Improvement in the Commonwealth of 
Pennsylvania (Philadelphia, 1826), pages 37, 38. 
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The report was signed by Matthew Carey and others, who were well acquainted with the state of the iron 
industry at that time, and indicates that before 1825 coke had been used in the blast-furnaces of western 
Pennsylvania, as the reference in the first paragraph could hardly have been to the use of raw coal. This 
probability is strengthened by a passage referring to the investigations.of their agent. In 1825 Mr. Strickland 
forwarded a complete statement as to the method of making coke in England. In the first annual report, before 
quoted, oceurs the following on this subject : (a) 

The next report received from Mr. Strickland was dated the 16th of June, 1825, which, as far as its contents are connected with 
railways, may be considered as a supplement to the first report. It contains ‘‘a description of the Duke of Portland’s tram-road”’, and a very 
particular account of the mode of coking bituminous coal and of making cast and blister steel. The drawings, which form a part of this 
report, exhibit in detail the processes which are in successful use in England for the production and manufacture of the articles mentioned. 
To those sections of our country where bituminous coal abounds, and where no method of coking it for the purposes of smelting iron 
has yet been in successful operation, the plans of the ovens, by which this process is accomplished, may be essentially important; and the 
information communicated upon this grand desideratum in the making of iron in western Pennsylvania may be employed to remove 
the difficulties which have hitherto bafiled all the efforts of those who have endeavored to use that coal in their smelting-furnaces. 

This certainly indicates that attempts to use coke in smelting iron in western Pennsylvania had certainly been 
made prior to 1825, and gives color of probability to the statements made in the History of Fayette County. 

There can be no doubt that these reports of Mr. Strickland had much to do with the experiments that shortly 
after their publication began to be made in the use of coke in blast-furnaces in various parts of Pennsylvania, and 
its advantage as a fuel for iron-smelting at last attracted the attention of the legislature of the state. In a report 
on coal made by a committee of the Pennsylvania senate, of which the Hon. 8. J. Packer was chairman, and read 
in the senate March 4, 1834, it was stated that— 

The coking process is now understood, and our bituminous coal is quite as susceptible of this preparation and produces as good coke 
as that of Great Britain. It is now used to a considerable extent by our iron manufacturers in Centre county and elsewhere. 

I have not been able to learn any of the details of the use of coke in the furnaces referred to by Mr. Packer. 
Mr. James M. Swank (0), in his report on iron and steel, expresses the opinion that at the time Mr. Packer wrote his 
report coke could not have been used in blast-furnaces in any other way.than as a mixture with charcoal, and then 
only experimentally; but it is probable, in view of the attention that had been given to the subject and the 
publication of Mr. Strickland’s report. that attempts had been made to use coke alone. (¢) 

In 1835 the Franklin Institute of Pennsylvania offered a premium of a gold medal to ‘the person who shall 
manufacture in the United States the greatest quantity of iron from the ore during the year, using no other fuel than 
bituminous coal or coke, the quantity to be not less than 20 tons”. The phraseology of this offer would lead to the 
belief that coke had before this been used in the manufacture of iron, as Mr. Packer states; but the best results 
obtained had been in connection with other fuels, as the offer of the Institute is for “iron made by the use of no other 
fuel than bituminous coal or coke”. This would also seem to indicate that in the experiments made, if they had been 
made with coke only as a fuel, even so small a quantity as 20 tons of pig-iron had never been made with this fuel. 

In the same year that this offer was made Mr. William Firmstone was successful in making good gray forge 
iron for about one month at the Mary Ann furnace, in Huntingdon county, Pennsylvania, with coke made from 
Broad Top coal. 

Mr. Isaac Fisher, of Lewiston, Pennsylvania, who states in a pamphlet published in April, 1836, that “‘ successful 
experiments have lately been tried in Pennsylvania in making pig-iron of coke”, probably had Mr. Firmstone’s 
experiment in mind. Mr. Firmstone is doubtless entitled to the honor of haying been the first successful 
manufacturer in this country of coke pig-iron. It is also interesting to note that his blast was just one hundred 
years after the date usually assigned to Darby’s successful use of coke in England. 

In 1836 or 1837 F. H. Oliphant made at his Fairchance furnace, near Uniontown, Fayette county, Pennsylvania, 
a considerable quantity of coke-iron, probably more than 100 tons, and in w letter to the Franklin Institute, 
dated October 3, 1837, Mr. Oliphant suggests that possibly he was entitled to the premium offered by them. 
Accompanying his letter was a piece of pig-iron and samples of the raw material from which it was made. Mr. 
Oliphant, however, did not continue the manufacture of iron with coke, but returned to the use of charcoal asa fuel. 

Between 1836 and 1839 other attempts were made to use eoke at Pennsylvania furnaces, but they were 
unsuccessful or unfortunate. (d) The legislature of Pennsylvania, June 16, 1836, passed an act to encourage the 
manufacture of iron with coke or mineral coal, which gave the governor authority to charter companies, with ample 





a“ The First Annual Report of the Acting Committee of the Society for the Promotion of Internal Improvement in the Commonwealth of 
Pennsylvania, page 20. 
b Statistics of the Iron and Steel Production of the United States, James M. Swank (Tenth Census), p. 143. 
¢ The History of Fayette County, Pennsylvania, page 242, states that coke was made and used at the Allegheny furnace, Blair 
county, Pennsylvania, in 1811, and speaks of this as authenticated. If this is correct, it was an earlier use of coke than that mentioned 
at the Plumsock refinery. The same work also states that the Howard furnace, in Blair county, put in operation in 1830, and the 
Elizabeth furnace, built in the same county in 1832, were constructed with a view to the use of coke, and furnaces in Clearfield, Clinton, 
Lycoming, and Armstrong counties, Pennsylvania, erected between 1835 and 1838, made repeated attempts at the manufacture of coke- 
iron, all of which resulted in failure, from the fact that cold blast was used and at a very low pressure. I have not been able to verify these 
Statements, and give them solely on the authority of the werk referred to. 
d Attempts were also made in Ohio, which will be spoken of in another pari of this chapter. 
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powers for the purpose of prosecuting this branch of industry. At Farrandsville, in Clinton county, coke was used 
to a considerable extent from 1837 to 1839, about 3,500 tons of pig-iron being made. The manufacture was abandoned, 

however, owing to the impurity of the coal and the difficulty of transportation. At Karthaus, in Clearfield county, 

Mr. Peter Ritner succeeded in using coke in making pig-iron as early as 1838, if not in 1834 (a). Coke was also 
used in 1839 in this furnace, but at the close of that year the enterprise was abandoned, owing to the lack of 
transportation facilities. In Mather’s second report of the Geology of Ohio, published in 1838, the following statement 
regarding this furnace is given: 

Through the enterprise and yerseverance of Mr. Peter Ritner, of Karthaus, Clearfield county, Pennsylvania, the same practice has 
been introduced into this country, and at the last information was in most successful operation. His experiments were made in a common 
charcoal stack, 45 feet from the hearth to the trundle-head; diameter at the top, 6 feet; at the boshes,13 feet; hearth 2 feet 6 inches 
square. Coke from Phillipsburg was used in the operation, the details of which, relative to consumption, blast, product, etc., have been 
freely and unreservedly given me by Mr. Ritner: 

Bushels of charcoal necessary to make a ton of pig, 200; bushels of coke, 75; charge of coke, 10 bushels, weight 45 pounds per 
bushel; burden, about one-fourth the charge in weight; blast, 4,000 to 6,000 cubic feet per minute, under a pressure of 24 to 2} pounds to 
the square inch ; yield of furnace, 65 to 70 tons per week; ordinary yield of charcoal stack, 23 to 27. Mr. R. says, under date of August 
23, 1838: ‘‘ As to quality, there can be no doubt of its being as good as that made from coke in any part of the world. It has been tested 
by the committee appointed by the treasury department to try the strength of boiler-iron, and bore 68,869 pounds to the square inch, 
We have also caused it to be rolled into bars and plates, and find it an excellent article. Finished bar-iron can be made in this region at 
a cost not exceeding $35 per ton, and I hope to see the time when it will be. 

I am informed of another furnace at Kittanning, Armstrong county, Pennsylvania, now in operation with coke as a fuel. 


A furnace at Frozen Run, in Lycoming county, made some coke pig-iron in 1838, but returned to the use of 
charcoal in 1839. . 

It was in Maryland, however, that coke was first successfully used for any considerable length of time in blast- 
furnaces in this country. In 1837 the George’s Creek Coal Company built the Lonaconing furnace, 8 miles northwest 
of Frostburg, Maryland, to use coke, and in June, 1839, according to Johnson, (b) it was making about 70 tons per week 
of good foundery coke-iron. This furnace was 50 feet high by 145 in the boshes. Its highest yield in a campaign 
of four months was 92 tons per week; the lowest, 62. In 1840 two large blast-furnaces were built by the Mount 
Savage Company to use the same fuel. These furnaces were for several years successfully operated with coke. 
Their success, no doubt, was due to their having been constructed with sufficient blast-power and hot blasts, especially 
for using coke. The coke made at these furnaces was from the seam of coal known as the Mount Savage fawn-ash 
coal, containing about 78 per cent. of fixed carbon and 7 per cent. of ash. It also carried quite a large percentage of 
sulphuret of iron, which greatly injured its value both for furnace and foundery purposes. The coke was made in 
open pits, as was all the coke produced in Maryland so far as I have been able to learn. Both the rectangular pit 
and the circular mound were used. The coke produced was hard, bright, and carried a good burden in the furnace, 
making, it is claimed, a ton of iron with a ton and a quarter of coke. The pressure of blast used in this furnace was 
from 2? to 34 pounds, and the temperature about the melting point of lead, 612° F. The furnaces were 14 feet boshes 
by 45 to 50 feet high. No doubt the success of these furnaces in making long blasts was due to their great blowing 
power, the greatest in the country at the time, and to their hot-blast capacity. Mostof the attempts to use coke prior 
to this had been with the weak blasts of charcoal furnaces, blowing the air into the furnaces cold. The yield of the coal 
in coke was about 52 per cent. From 1840 to 1850 between 50,000 and 75,000 tons of coke were made at the Mount 
Savage works, most of which was used at the furnace, but some of it was used at founderies. In the next decade 
a portion of the coke used was from what is known as the big vein of Alleghany county, but the coke was 
unsatisfactory. From 1860 to 1870 all the coke made was from another portion of the big vein, which produced 
a good coke. These furnaces have not been in blast for some years. 

In 1845 the Antietam furnace, which was built about 1730 as a charcoal furnace, and which had been several 
times rebuilt, was again rebuilt and blown in with half coke and half charcoal, running in this way until 1848, 
when aJl coke was used. From this time until 1857 short blasts were made, using coke entirely, the coke being 
chiefly from the Frostburg Coal Company’s and the Cumberland Coal and Iron Company’s mines, though in the 
last three or four years part of the coke was made at the furnace. From 1857 to 1867 there was but one short blast, 
when the present proprietor bought it. From this time until 1879 the coke used was made at the furnace. At its 
last blast, beginning in 1879, Connellsville coke was used. 

As I have indicated, all of the coke made in Maryland was burned in open-air pits, and I have not been able to 
find the record of the existence of a single oven. During the last few years coke has only been used to utilize the 
fine coal from the dumps. The last company making coke at Cumberland was the Cumberland Coal and Iron 
Company, which made some as late as 1878 and 1879, and these were the only parties producing any for a number 
of years. So far as I have been able to learn, no coke is now made in Maryland. 











a Mr. Jobn Irwin, jr., of Bellefonte, Pennsylvania, writes me that “in the year 1834 Loy & Ritner made some coke-iron at this 
furnace. The coke was made in pits from a superior vein of bituminous coal, six feet in thickness. I do not remember anything in regard 
to the quality of the coke. They, however, succeeded in making some pig-iron, but not having means to carry on the business, and being 
dependent altogether on the uncertain river (Susquehanna) channel to reach a market, they soon abandoned the business”. 

b See Anthracite Jron, by Walter R. Johnson, pages 7 and 8 


26 MANUFACTURE OF COKE. 


While these experiments were in progress in Pennsylvania and Maryland similar ones were being conducted in 
Ohio. In the First Annual Report of the Geological Survey of Ohio, page 18, published in 1838, but submitted at 
the close of 1837, Professor Mather says 


Coke is now manufactured in Ohio from several of the coal-beds. Hon. Daniel Upson, of Portage county, makes a coke of 
excellent quality from a coal of his mine in Tallmadge. Mixed with charcoal, it is used in the high furnace at Akron, in the smelting 
of iron ore. Mr. Ford, of Akron, by mixing 40 bushels of coke per day with the charcoal, is stated to have increased the quantity of iron 
smelted 334 per cent. The coal-bed is from 3 to 5 feet thick, and Esher 2 to 3 feet of the eo make excellent coke, which is found to be a 
perfect substitute for anthracite coal in the cupola furnaces. 

An analysis of this coal and coke is given in the second report, page 35. (a) 

In this same report (b) Professor Mather, after stating that most of the pig-iron produced in Ohio was smelted 
with charcoal, notwithstanding the inexhaustible supplies of coal fitted ior the manufacture of ‘coke, or the 
charcoal of bituminous coal”, says: 

In my first annual report to this legislature I mentioned that coke was beginning to be used in three of our furnaces. Whether it 
has increased during the past season I have not been informed, but it is now extensively used for melting iron for castings. Anthracite 
coal was formerly brought to various parts of this state from Pennsylvania for this purpose; but in consequence of the great expense, 
coke has been substituted, and is equally effective. One ton of coke will melt from 5 to 10 tons of iron, but 7 tons is considered an 
average. This variation is due to the greater or less purity of the coal. The coal may be used raw in the furnace, where it cokes itself, 
or it may be previously coked in a coke oven, or in a heap in the open air. By coking it loses about one-half its weight, but increases 


about one-fourth its bulk. 

In this second report, Mr. Whittlesey, after constantly referring to the possibility of coking the coals of Ohio, 
showing that the thought of this use was an ever present one, says: (¢) 

The Tallmage coal undergoes this process in the open air without any covering, but it is more economical to use close ovens, in which 
the refuse and inferior coal may be reduced. 

Coke is already in general use in the cupolas throughout the northeastern part of the state; but the great demand ior this article 
must soon come from the manufacture of pig-metal. 

Coke, however, did not come into favor rapidly as a furnace fuel. In 1849 there was not a coke-furnace in 
blast in Pennsylvania. In 1856, however, according to Lesley’s Iron Manufacturers’ Guide, there were 21 furnaces 
in Pennsylvania and 3 in Maryland using coke, which made in that year: Pennsylvania, 39,955 tons; Maryland, 
4,528 tons. The Pennsylvania furnaces were chiefly in what is known in this report as the Allegheny Mountain 
region. There was not a furnace using Connelisville coke unless the Valley C furnace near Ligonier is regarded 
as in the Connellsville region. Lesley also mentions a coke-furnace called the Potomac, at Point of Rocks, Virginia, 
which used charcoal until 1848, that made 60 tons a week. Coke seems also to have been used at the Clay furnaces, 
in Mercer county, Ohio, in the latter part of 1845, in connection with charcoal, but coke was rapidly supplanted in 
this section by raw coal. 

It was not, however, until the development of the Connellsville region, Pennsylvania, that the use of coke as 
a blast-furnace fuel or the manufacture of coke itself in this country assumed any importance. 

The history of the early attempts to make coke in this region are involved in considerable obscurity, though 
some of the parties are still living who helped build the first Connellsville coke oven. As early as 1817, as has 
already been stated, Colonel Meason used coke at his Plumsock refinery. It is also stated that some attempts were 
made in 1819 to use this coke in the blast-furnaces of the neighborhood. This early coke was all made “on the 
ground”, and it is probable that up to 1841 no coke was made in ovens. 

It was in this year, 1841, that two carpenters, Provance McCormick and James Campbell, overheard aa 
Englishman, so the story runs, commenting on the rich deposits of coal at Connellsville and their fitness for making 
coke, as well as the value of coke for foundery purposes, and they determined to enter upon its manufacture. 
Mr. McCormick, who is still living, an old man of eighty-four, has given me an account from memory of this 
enterprise, which I quote: ; 

James Campbell and myself heard, in some way that I do not now recollect, that the manufacturing of coke might be made a good 
business. Mr. John Taylor, a stone-mason, who owned the farm on which the Fayette coke works now stand, and who was mining coal 


in a small way, was spoken to regarding our enterprise, and proposed a partnership—he to build the ovens and make the coke, and Mr. 
Campbell and myself to build a boat and take the coke to Cincinnati, where we heard there was a good demand. This was in 1841. Mr. 








a The following is a recapitulation of the items determined in the composition of coal from D. Upson’s mine, Tallmadge Portage 


county, Ohio: Per cent. 
Coke containing the earthy and metallic matter of the coal... ......-- +. an ncsccecesces ccecessccnen ceaneransnensn-=-5 55, 425 
Bitumen = 89. 505 volatile matter—0. 274 sulphur ss) 0. oak en < ches ces cocer eee cceeale semeeseei ses -mewaee cele oveaces 39, 231 
Sulphur volatilized: with the bitumen). 222 22. .% 1260055 sd nec cusccedemdengae one se once cece eee EREee = Seen orem ayina hs exis 0. 274 
Hygrometric water’: feist. + 30)ssokign suse osbee ceca’ sac eeeme eke eats eR tne tee eae eee eee ease ee ee 5. 067 
LOSS a's he's 0 sian aie tae aeise eae ne huni aa clean Se ee e See oe tre Mae Ra OE CoE Oe et ane ee eee oar a Cera ee ae ee een ao eee 0. 003 
The coke in the above recapitulation is composed as follows: 

Composition of coke of Hon. D. Upson’s mine: * Per cent. 
Carbon 2... 2 eSanetonde ie ik Sea leas Sak PN eleiaele «eaten 6 AaB Share tre tae enn ree Rr eee eee oer ne ow oe 96. 355 
Protosulphuret Of drome Pacis Joes anko te Cae a le a Sh Se SR se ee ae ee See) te ene i 1. 375 
Barthy' matter, oo ces S24 saa cei pete satel phen che te a Ss eee cg RA ORR 2. 270 


Some of the determinations in this analysis having been made by differences, they necessarily show no loss, although a small loss 
was undoubtedly sustained. 

b Second Annual Report of the Geological Survey of Ohio, page 11. This was submitted late in 1838. 

c Idem, page 62. 
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Taylor built two ovens. I think they were about 10 feet in diameter. My recollection is that the charge was 80 bushels. The ovens 
were built in the same style as those now used, but had no iron ring at the top te prevent the brick from falling in when filling the oven 
with coal, nor had we any iron frames at the mouth where the coke was drawn. The top and mouth had to be repaired when they fell in. 

In the spring of 1842 enough coke had been made to fill two boats 90 feet long—about 800 bushels each—and we took them to 
Cincinnati, down the Youghiogheny, Monongahela, and Ohio, but when we got there we could not sell. Mr. Campbell, who went with 
the boats, lay at the landing some two or three weeks, retailing out one boat-load and part of the other in small lots at about 8 cents a 
bushel. Miles Greenwood, a founderyman of that city, offered to take the balance if he would take a small patent flour-mill at $125 in 
pay, which Mr. Campbell did. He had it shipped here. We tried it, but it was no good, and we sold it to a man in the mountains for 
$30, and thus ended our coke business. 

These gentlemen lost heavily in their venture. Mr. Greenwood sent part of his coke to Dayton, to Judge 
Gebhart, who was formerly a resident of Connellsville, and who owned a foundery at Dayton. He was so much 
pleased with the fuel that he visited Connellsville, and, as Mr. MeCormick states— 

Wanted us to continue to make coke, and he would take two boat-loads a year, delivered at Cincinnati, and pay the cash on delivery ; 
also that he would insure us sale for all the coke we could make and deliver at Cincinnati at 8 cents per bushel; but we had gone into 
other business, and refused to do anything more with the coke. 


This was the beginning of the coke business in the Connellsville region. (a) For some years but little coke 
was made, though a few ovens were built, and that knowledge acquired which was necessary for the coming 
development of the trade. In 1843 the ovens built by Taylor were leased to three gentlemen named Cochran, a 
name that from that time to the present has been connected with coke-making in this region. They made 13,000 
bushels and floated it down to Cincinnati, where it was sold to Miles Greenwood, at 7 cents a bushel. Between this 
date and 1850 three or four ovens were built by Stewart Strickler, who sold his product to the Cochrans. In 1851 
improved ovens were built, and the trade increased somewhat, but in 1855 it is stated there were but 26 coke ovens 
above Pittsburgh. It was not until the Baltimore and Ohio railroad was completed to Pittsburgh, and Connellsville 
coke had been used successfully in the Clinton furnace of Graff, Bennett & Co., at Pittsburgh, that its value as a 
furnace fuel was thoroughly demonstrated and the foundation laid for the demand that has resulted in such a 
development of coke manufacture in the Connellsville region. This furnace was biown in in the fall of 1859, to 
make pig-iron from coke. The coke was at first made from Pittsburgh coal near the furnace on the south side of 
the Monongahela river, nearly opposite the Point, at Pittsburgh. The furnace was run for about three months, 
when, the coke made in this way not proving satisfactory, it was blown out, and arrangements made to secure a 
supply from the Connellsville region. The furnace blew in again early in the spring of 1860, the coke used being 
from the Fayette coke works on the Baltimore and Ohio railroad, made at first on the ground in pits. The result was 
so satisfactory that 30 ovens were built in 1860 and arrangements were made to secure a continued supply. When 
it is remembered that this was only twenty years ago, the development of this industry, as shown in this report, is 
remarkable. 

Though there have been many attempts to coke Indiana coals, some of which were at quite an early date, 
this industry has never prospered in this state. Before the building of railroads made it possible to procure coke 
from Pennsylvania at a reasonable cost Indiana founderies were compelled to depend for their supplies upon the 
coal of the state, and at a number of coal-banks coke was made in small quantities for melting iron. In the 
Report of the Geological Survey of Indiana for 1872 (page 364) is the following statement, which assigns the earliest 
date to the manufacture of coke in this state I have been able to find: ‘‘Coke Oven Hollow is named from the 
business conducted in it by William G. Coffin about thirty-five years ago. He had afoundery at Mount HKtna, near 
by, and procured his pig-iron from Cincinnati, Hanging Rock, and Pittsburgh. It was transported by wagons 
from Cincinnati, and in order to have loading economically both ways he mined and coked coal in this hollow, 
which reaches Sngar Creek just below the Feeder Dam, and would make sale of it either in Indianapolis, Richmond, 
or Cincinnati.” 

_If this statement is correct, it would appear that coke was made in Indiana as early as 1837, only two years 
after Firmstone’s successful experiments in Huntingdon county, Pennsylvania, and four years before the first coke 
oven was built in the Connellsville region. 

The Geological Report for 1870 (page 224) refers to the production of coke in Sullivan county as early as 1845, 
for the supply of the Terre Haute founderies. Some fragments of the coke were found in 1870 by Professor Collett 
“after an exposure to the elements of a quarter of a century as bright and lustrous as if fresh trom the oven”, 
Some time prior to 1873 further attempts were made to coke the Sullivan county coals, a bee-hive oven being erected 
by Mr. Charles R. Peddle, at the instance of Mr. Chauncey Rose, to test the adaptability of the coal to coke-making. 
Mr. Peddle writes regarding this attempt: 

I built the oven and coked some of the coal, and, though it came out of the oven all right in appearance, there was evidently more 
or less sulphur or some other ingredient that hardened the iron and rendered the coke unfit for foundery purposes. The coke was lighter 
than Connellsville, weighing about 37 pounds to the bushel. The founderyman who tried it reported that it required 561 pounds of 


Connellsville coke to melt 3,000 pounds of iron and 609 pounds of the Shelburn coke to do the same work. The coke did not swell in 
burning, so that the bulk of the coke was about the same as of the coal charged. 








a In the History of Fayette County, elsewhere mentioned, a statement is made that some coke ovcns were built between 1830 and 
1836, at or near the mouth of Furnace run. While making the statement and indorsing the credibility of the informant, the History 
seems to imply that there may be a mistake of dates. 
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Some time about 1849, so Mr. W. B. Seward, of Bloomington, Indiana, writes me, his father built two coke ovens 
at Arney’s coal-bank, in Owen county, Indiana, and one at Bloomington for the purpose of coking the Arney coal, for 
use in his foundery at Bloomington. These ovens he describes as being ‘very much like the old Dutch bake-oven”, 
evidently “‘bee-hive ovens”. For a number of years, and until the building of a railroad to Bloomington enabled 
him to procure it from Pennsylvania, all the coke used in Mr. Seward’s foundery was made in these ovens. In 

speaking of the coke Mr. Seward writes: 

With proper care in managing the ovens a good article of coke was made, but it was not equal in quate to that made from what 
is known here as ‘‘ Pittsburgh coal”. The Arney coal runs together better than any other Indiana coal I have seen, but not enough to 
make large coke from fine coal. We always used the large lumps for coking. It was as free from sulphur as Pittsburgh coke, and, when 
properly made, melted iron about ‘as well. We discontinued its use some twenty years since, when we got a railroad, as we had to 
transport the Arney coke 30 miles in wagons. I have examined all the specimens of Indiana coal I have been able to procure from 
time to time with a view to testing their coking qualities, but have not as yet found any that is superior to the Arney coal. 

In 1868 Wilson, Ostrander & Co. began the manufacture of coke in mounds at Washington, Daviess county, and 
made some 25,000 or 30,000 bushels, but they were so far from market that it was difficult to dispose of it, and its 
manufacture was abandoned. In 1879 Cabel Wilson & Co., the successors of the before-mentioned firm, erected two 
ovens to make coke out of slack, but as no arrangements were made to wash the slack the enterprise was a failure. 

Coke has also been made in other counties. Of the Fountain county attempt some account is given in another 
part of this report. Some years since coke was made in Parke county, near Clinton, by the Indiana Furnace 
Company, but with what success has not been learned. A number of attempts have Sisb been made in Clay and 
other counties, but I have received no details of importance concerning them. 

But little has been learned regarding the history of coke in other states, and that of a most fragmentary 
character. The location of the coal mines and the slight preparation and expense necessary in experimental coking 
in pits or “on the ground” are not conducive to the preservation of the records of early trials, and it is not until 
ovens are built that a permanent record is made. Even then in many cases the location of these ovens is such 
that information about them is only found in the books of the coke-maker or in his memory. 

In Virginia coke was made many years ago at the mines in the neighborhood of Richmond, but it was not of 
a very good quality, and during the war of the rebellion coke was also made for use in the founderies of the state. 
In the northwestern part of the state some furnaces were run on coke between 1840 and 1850, but it is supposed 
the fuel came from Maryland. 

In West Virginia the first ovens in the New River region were built in 1874. In this year the Quinnimont 
furnace was put in blast, using, with most gratifying success, the New River coke. The opening of the Chesapeake 
and Ohio railroad through this region in 1875 aided largely in its development, and made it possible to bring the 
coke and iron ores along its route together and furnish an outlet for the product. As is elsewhere stated, the 
development of this section since this date has been very rapid. 

Coke to some extent was made in Alabama during the late war, being mainly used in the manufacture of cannon 
at the Selma (Alabama) foundery of the confederate government, and many openings were made along the veins in 
the immediate vicinity of the Cahaba river. On Pine Island branch, on what is known as the Gholson seam, 
coke was made in the open air, and was hauled over the hills to the railroad for shipment to Selma. Considerable 
quantities were also made at the opening in township 22 of sections 12 and 15, known as the “coke seam”, and at 

various other places in the Cahaba coal-field. Some time in 1866 or 1867 the Glasgow Coal Company opened a 
mine on what is known as the Gould seam and made some coke, but after a while the work was discontinued, partly 
on account of the small demand for the coal and coke. In the Coosa fields some coke was made in 1863 and 1864 
by Captain Schultz for the confederate army, and was floated down the river. 

Though no coke was made in Kentucky in the census year, (@) some years ago attempts were made to run a number 
of charcoal furnaces in this state on coke, in some instances using coke entirely, and in others part charcoal and 
part coke. The old Airdrie was thus run, and in volume one, new series, Kentucky Geological Survey, page 147, is an 
analysis of coke made at this furnace, which has been weathered sixteen years. This analysis shows 82.90 per 
cent. fixed carbon, 5.40 per cent. ash, 11.70 per cent. moisture and volatile matter. I am also informed that some 
ovens were erected in Carter county for testing the Coalton coal, but the percentage of sulphur was too high at 
the particular trial made, being 2.026 per cent. 








a I am informed while this report is going through the press that good coke is made at Earlington, Hopkins county, Kentucky, 
by the Saint Bernard Coal Company. Recent investigations show the existence of a coal in southeastern Kentucky remarkable for 
thickness, purity, and its high percentage of carbon, which has been named by Mr. John R. Proctor, the director of the Kentucky 
geological survey, to whom I am indebted for the information, the “Elk horneoking coal”. These coals were coked by officers of the 
geological survey by building ricks on the ground, and were also sent to coke ovens at Cincinnati and in Conuellsville, Pennsylvania, 
Analyses of these cokes by Dr, Peter gives the following results, selecting those highest and lowest in carbons: 


Percent. Per cent. 
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The cokes are firm, bright, and, as will be seen, quite pure. 
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As to the early history of coke in the other states, the information in my possession is given in connection with 
the paragraphs on the coke industries of these states. » 


THE COKE INDUSTRY IN PENNSYLVANIA. 


In any statement concerning the coke industry of this country Pennsylvania must occupy the first place. It 
was in this state, so far as the record remains, that coke was first manufactured, and it is here that the development 
of this industry has been the greatest, its production being largely in excess of that of any other state. 

Coke was produced in western Pennsylvania commercially at least sixty years ago, but it has only been within 
the last decade that its manufacture has attained to a magnitude and an importance that entitle it to separate 
consideration. Its magnitude is shown in the statistical tables of this report, and its importance is evidenced by the 
fact that not only has it built up a large pig-iron industry in a section where there are no ores, but it is used in the 
smelting of much of the iron ore of the country from the Hudson to the Mississippi. Indeed, the commercial 
success attained in the smelting of these ores west of the Allegheny mountains with mineral fuel is due to this 
coke. In addition to the ores of iron, it smelts most of the ores of the precious metals of the Rocky Mountain region, 
its value for this purpose being so great that it is carried to points where the freight in many cases exceeds the cost 
of the coke at the oven 1,000 per cent. 

There were produced in Pennsylvania in the census year 2,317,149 tons of coke, all west of the Allegheny 
mountains. This was valued at $4,190,136, or $1 80 per ton. In its manufacture 3,608,095 tons of coal, valued at 
$2,031,305, or 56.3 cents a ton, were consumed. ‘This would make the yield 64.2 percent. At the close of the census 
year there were 7,808 ovens built, of which 7,524 were bee-hive. In addition to this 1,469 were building June 1, 
1880, all bee-hive; 2,444 persons were employed in its manufacture, to whom $983,431 wages were paid. 

The following table, condensed from Table I, will show the chief statistical items concerning the manufacture 
of this coke: ; 
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* Building, and not in operation during any part of the census year. 


The bituminous coal regions of western Pennsylvania were divided by Professor Rogers, in his report of the 
First Geological Survey of Pennsylvania, into six principal basins, numbered from the Allegheny mountains on the 
east to the Ohio river on the west. Five great anticlinal waves of remarkable persistence and regularity separate 
these basins, one of these, the anticlinal that bounds the Connellsville basin on the west, running from the Virginia 
state line to Elk county, a distance of 100 miles, in an absolutely straight line.(a) Some of these basins coincide 
with the physical division of the surface. The first basin, for example, lies between Laurel Hill and the Allegheny 
mountains, and the second between Chestnut Ridge and Laurel Hill. Other basins, however, are only geological, 
and have no strongly marked corresponding surface depressions. (Db) 

In all of these basins coke wasmade during the census year. The bulk of the product, however, was from the 
Allegheny Mountain and the Connellsville regions. Most of the coke was made from the coal of the great Pittsburgh 
seam, which is, on the whole, the most extensive and economically important coal-bed in the Appalachian basin. 
It is the main seam worked at Pittsburgh, on the Monongahela and Youghiogheny rivers, at Connellsville, Wheeling, 
and many other places, and is estimated to underlie, in the states of Pennsylvania, Ohio, and West Virginia, 14,000 
square miles. In southwestern Pennsylvania Professor Lesley estimates that this bed, after all the erosion it has 





a See Report H, Second Geological Survey of Pennsylvania, page 16. 

b For a discussion of these basins, their extent and subdivision, more thorough than can be given here, the reader is referred to the 
different publications of the Second Geological Survey of Pennsylvania, particularly reports H and KK. It will of course be understood 
that in this report we are speaking only in general terms regarding these basins. 
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undergone, is found over an area of somewhat less than 3,000 square miles, so situated that every square yard of it 
can be reached. He also states that the present British coal trade could be supplied for twenty centuries from this 
single coal-bed, as developed in western Pennsylvania. (a) This bed does not everywhere show the same thickness 
as in western Pennsylvania, where it is generally about 8 feet, gradually increasing eastwardly to the Cumberland 
(Maryland) region, where it is 14 feet; nor does it always make as good a coke as that of the Connellsville region, 
where it is seen at its best. 

This Connellsville region, or basin, the great coke-producing center of the country, is siiuated 4 in the southwestern 
part of the state of Pennsy ae in the counties of Westmoreland and Fayette, some 50 or 60 miles from 
Pittsburgh. Itis a slender prong, separated from the Upper Coal-Measures, and may be regarded as extending 
from near Latrobe, on the Pennsylvania railroad, in a southwesterly direction, to the Virginia state line, forming a 
basin some 3 miles wide and 50 miles long, almost without a fault, the beds yielding from 8 to 10 feet of workable 
coal. The same trough that contains the Connellsville coal extends northwesterly from Latrobe through the 
remainder of Westmoreland county, and through Indiana and Clearfield counties, but the Connellsville region is 
regarded as extending no farther north than the vicinity of Latrobe. The coal in the northern part is inferior as 
a coking material to that in the southern part, though both physically and chemically the coal of this basin on the 
Conemaugh seems the same as that on the Youghiogheny. ‘The latter, however, produces the typical Connellsville 
coke, compact, silvery, and lustrous, while the coke from the coal on the Conemaugh, or in any locality north from 
the Pennsylvania railroad, is tender, dull, and soon loses what little luster it has. Even in some portions of what 
is known as the Connellsville region proper the coal and coke is not of equal value. Coal at Coketon, in the 
northern part of the immediate Connellsville basin, just south of the Pennsylvania railroad, produced wretched coke 
when coked as it came from the mines, but when washed it produced a coke regarded as fully equal to the 
Connellsville. The coal at Latrobe and at Loyalhanna, in the same locality, must also be washed before coking 
to produce the best results. 

As showing the character of the coal in this part of the Connellsville basin and the coke made from it I give 
the following analyses, which have been furnished by Mr. Benj. Crowther, of the Isabella Furnace Company : 


ANALYSES OF COKETON (PENNSYLVANIA) COAL. 


Top of vein. Bottom of vein. 


Per cent. Per cent. 
Bituminous matter couse ee coe nea eee Sens wince ac sc beep scew scutes Hee een eee ee 25. D2 18.18 
Fixed carbone cece tek cicai woe citeaie senses ec cies ois pie w'e slew c wa 5 5H 6 niet ee ei ee 70. 91 60. 57 
Aah (UM Ee trea crpoeaeenmeterts mee ermer te oy Ls ee th 3.34 20. 08 
Sulphur cose cen cece bese es Seat eteblaws ceeds couse cosves sone pene Deter atanet ann 0, 23 1,17 


ANALYSES OF COKETON (PENNSYLVANIA) COKE. 





| 
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WASHED. 


Constituents. | Unwashed. ; 
No. 1. No. 2. 





| Per cent. Per cent. Per cent. 








Moisture and volatile matter......... | Li26 alee eee Ae Mes toe aes 
Mixed, CarDON; 2266s + tvenscribactes | 86.58 89.15 83. 93 
Pp a eee een Lice AOU ut va hoes | —- 10. 67 9. 65 14. 80 
ESTE OMY cena Sse caicceee oe ed dunlee Mae 1. 49 1. 20 1.27 
PP OLIICO ROC RB Ma catia ccs pub sae 6 bee ot oat ee eas eee 4. 67 6.12 











| 





Mr. Crowther states that No. 1 coke from washed coal is about the average result when the washer is working 
right. 

A comparison of the above analyses with those of the Connellsville coal and coke from the neighborhood of 
Broad Ford will show the difference in the character of the coal and the similarity of the coke from the washed coal. 

This variation in the Connellsville coal seems to have been discovered at an early day in the history of coke 
manufacture, for the coke-making area is confined to that portion of the trough which lies south from Sewickley 
creek, and the works.are by no means important until one comes near to Jacob’s creek. Thence southward to near 
Uniontown, in Fayette county, the eastern outcrop of the bed is lined with coke ovens. There appears to be 
prejudice in favor of the eastern outcrop; and although several manufacturers have told me that the coal on the 
western outcrop is somewhat inferior, facts do not seem to justify this prejudice. The extensive coke works near 
Dawson, on the Youghiogheny river, are upon the extreme western outcrop, but the coke made there is ee inferior 
to any ele along the eastern outcrop from Mount Pleasant to Lemont furnace. (b) 

Regarding the Connellsville region proper as including all the ovens in the basin from Latrobe and vicinity 
south, there were built in this region at the close of the census year, May 31, 1880, 6,264 ovens, all of which were 
of the bee-hive pattern. There were also three pits or mounds. At the same time there were actually 1,242 ovens 





a Atlas of Pennsylvania, with deseription (Philadelphia, 1872), page 17. 
b Second Geological Survey, Report KKK, by J. J. Stevenson, page 200. 
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in process of construction in this region, all bee-hive. Deducting from the totals for Fayette and Westmoreland 
counties, as given in the table on page 29, the totals for those establishments that cannot properly be regarded 
as in the Connellsville basin, we have the following statistics for the Connellsville region: 





















































| j 
Were? OVENS. COAL. COKE. 
astane Wane | Number of | yp = || Bass Aas 
Counties. pee Capital. FP EI aS employés. | W2ges paid. | i 
| ments. | hai, puilain a, | | Tons used. Value. Pedy: | Value. 
iF : ee) “I> aa a 5 ns wee 
| \| | \| | 
ge ..| 42| $1,939, 450 | 4, 109 1, 082 | 1,030| $489, 882 | 1, 898, 799 $926,454 || 1,253,743 | $2, 051, 126 
Westmoreland .........--.---- | 19 1, 295, 500 | 2, 158 | - 160 || 826 | 284, 573 | 984, 499 | 606, 872 || 639, 457 | 1, 149, 772 
ae | 61.| 3,234, 950 || 6, 267 | 1,242 || 1, 856 | 774,455 || 2,883,298 | 1,533,326 || 1, 893, 200 3, 200, 898 








From this table it appears that about 62 per cent. of all the ovens in the United States at the close of the 
census year were in the Connellsville region, and that 69 per cent. of all the coke made that year was made in 
the same district. Of the extensions in progress June 1, 1880, judging by the number of ovens building, about 58 
per cent. were in the Connellsville region. Since the census year its development has been remarkable, large 
tracts of land, in which the coal lies at a considerable depth below the surface, being now utilized, and the 
number of ovens has increased, until it is estimated that there are now 9,000. The accompanying map, showing 
the extent of the Connellsville region, the localities of the ovens, and their relation to Pittsburgh, is based on a map 
furnished by H.C. Frick & Co. 

The coal-bed from which all the so-called Connellsville coke is made is the Pittsburgh bed of Professor Rogers’ 
report of the First Geological Survey of Pennsylvania of 1842, and is described in the second volume of the final 
report of 1558. The continuation of the Pittsburgh area of this bed with the Connellsville area is broken off by 
the Youghiogheny river, the bed taking an upward course and descending again, the intermediate portion being 
swept away. This has led to a popular belief that the bed at Connellsville is different from that at Pittsburgh, 
but careful surveys have established their identity. It is a fact, however, that at Pittsburgh this bed is not in its 
best condition, while at Connellsville it is at its greatest thickness and is of the finest quality. It is also true that 
the coke made from the bed at Pittsburgh is not as good as that made at Connellsville. In the Connellsville basin 
the coal ranges from 8 to 11 feet in thickness, with one small slate parting, the ‘‘ bearing-in slate”, (a) 18 inches 
above the floor. The roof is only passable; the rooms can only be run 12 feet wide, and the pillars will average 10 
feet, a large amount of which is lost in drawing. The floor is even and HA the coal is of a remarkably good and 
uniform character, and is soft and easily mined. On wagers, 23 wagons (57,684 pounds) have been dug and loaded 
inside of 10 hours by a man anda boy. The greater portion of this work is to shovel the coal into wagons, the 
digging or mining being the easiest part. Very little outside labor is requived, and the average output per man per 
day is from 8 to 10 wagons, the cost of digging being about 25 cents per ton. 

It is this ease of mining which, next to its chemical and physical characteristics, gives the Connellsville coal so 
much value as a material for coke, and has enabled the latter to compete in such distant markets with other cokes 
and fuels. Mr. Fulton has pointed out in a letter that this ease of mining is also a distinguishing peculiarity in the 
Connellsville basin. East or west from this narrow strip the cost of mining increases ; westward the coal hardens, 
eastward the beds become thinner. ° 

The coal is bituminous, with generally a dull, resinous luster, alternating with seams of bright, shining, 
erystalline coal, coated with a yellowish silt. It contains numerous particles of slate and some crystals of pyrites; 
is compact, with a tendency to break up into cubes; is a very tender coal, and is ill adapted for shipping. Such a 
coal from the mines of the H. C. Frick Coke Company, at Broad Ford, is taken by the Pennsylvania geological 
survey as the typical coal of the Connellsville basin. Its analysis, as determined by Mr. MeCreath, chemist of the 
survey, is: 


Per cent. 
Wiabelc tee eae oS soc eslsavicsecss SO er ete. eae teeta eine eis toate ante tele bial oltre « (ala'sie'cal ean deistee ects 1, 260 
Sirs etal OEtiy a bbe Ree aa eeee meno ee ee een een et ene Om Sins oe stele teh io wins Misty eo aiaarel ices cine aie bc alsece tact snl 30. 107 
eee eration et one oer es De en eae tas Eo sein oe... eta e baa ia ds adina cided va ac ee ea sees sesces OO, O16 
ee Meee eR eee hea anie hen ae = Gace Steet te ca eisiem Siena cn Donien es fats ces basens sececcesinwee 0. 784 
SL. cacy asjeel ached ea Mike Oe Fo et Ro ie ia AA ORR ey ee ee ee eee 8. 233 
Color of ash, reddish gray; coke, per cent., 68.633 ; sulphur left in coke, 0.512. L i 
er cent. 
Percentage of sulpihur in coke . 22-2. sneces conn s cece n me ene ce tee cnt ae cece ne net nen nen cee nes caee ene ene 0.746 
Perconcage-of Aply il COKG. oe fciie so ne snc cap = sade semicon s <8 odin ovals H wlgem= mn emeinn > not Snes cenecne nn eseees meee 11. 995 
Percentage of carbon. in coke... --- 51... oe cece ac tment werner en gee cache tem ene recep eccns cose cee 87.25 


The coke from this region is ef silvery ake cellular, with a metallic ring , tenacious, comparatively free from 
impurities, and is capable of bearing a heavy burden in the furnace. Its penanite and ability to “stand up” in the 


a The pareend or Second Geological Survey is devoting a great deal of labor to this coal-field, and the reports that hate bien 
pubNshed contain much'valuable information. I am greatly indebted to these reports, especially reperts L and KK, for data. 
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furnace are what have given it such a reputation as a blast-furnace fuel, and have created such a demand for it for 
mixing with anthracite and bituminous coal in the east and west, especially where an open iron, such as is used 
in the Bessemer process, is needed. Mr. John Fulton has conducted a series of very elaborate and ingenious 
experiments on the physical properties of coke for furnace use, embracing the typical coking coals of Pennsylvania. 
Some of these results are given in a table in connection with the remarks on the Allegheny Mountain region, and 
will be referred to at further length in the chapter on ‘Coke as a Blast-furnace Fuel”. 

In coking the Connellsville coal, the bee-hive oven is in universal use in the Connellsville region, these ovens 
varying at the different works from 11 to 12 feet in diameter, and from 5 to 6 feet in height.(a) The working is very 
simple. The coal is dumped through an opening in the crown of the furnace and spread evenly on the floor to 
the average depth of 2 feet for 48-hour coke and 24 feet for 72-hour. The front opening, through which the coke is 
discharged, is at first nearly closed with brick, luted with loam. The heat of the oven from the previous coking 
fires the charge, and as the coking progresses the air is more and more shut off by luting the openings and 
finally closing the roof openings. The average charge is 100 bushels (76 pounds each) of coal, and the yield in coke 
is from 63 per cent. to 65 per cent. The average time of coking is 48 hours, with 72 hours for that burned over 
Sunday; 24-hour coke iS sometimes made. The 72-hour coke is a firmer coke than either of the others, but it 
is questionable whether it is a better furnace coke. When the coke is thoroughly burned, the door is removed, and 
the coke is cooled by water, thrown in from a hose, aud then drawn. 

We have given an analysis of what was regarded as the typical coal from this region from the mines of the 
H. C. Frick Coke Company at Broad Ford. The analysis also gave the results of coke in the laboratory. A 
sample of the coke from these mines made in the ovens of the firm, analyzed by Mr. McCreath, gave the following 
results. This coke is exceedingly coherent and compact, with a silvery luster, and contains some slate: 


Per cent. 
Water venciz cote cae See tines bie Soe Meters Bie cis Sib ba ce cle Re bev \Relnis Sele alot a eeIS aT OTeL a eee tee eee etn ere een 0.030 
Volatile ‘matterncs Shen ese cee cars Sec Sete na Se ea Seb SMe bb eon dee eee ere me IO ATE ee Eee TE Cate a TSE eet en ean 0. 460 
Fixed carbonsie emcee sot coset ee tice aic te bee con coe ccc La Shee oi cle: © SIS tON SS SRS ae Seer eet 89.576 
Sulphur goss eet eae Ses ea ck reece cclcin bt cin, 95 bc Sb ew icicew wis Ne yam teen eee eae ae 0. 821 
Bs! MEER tis 21 BAL Danette Pea sa eee Se A MEE Elie. RR Sl Sea AL Soy ck SY Stat gmc ta Bt ie 


Mr. Platt, of the Pennsylvania geological survey, in his report on coke, takes this as the typical coke, “as 
being thoroughly burned and as well made as can be produced in the Connellsville basin.” Probably the most 
thorough analyses of the coke from this region were made by Mr. J. Blodgett Britton, of Philadelphia. It is the 
average of a large number of analyses of all sorts of Connellsville coke, and cannot, therefore, be regarded as a fair 
analyses of good coke: 


Per cent. 
MOISbUTE Sauer) -e ete eo eee ctemisieee mars Sone cc clclc cou winislce dele cols cans 6 Geel Cee ere cree TRe ee eee eaten a eee 0. 490 
ASD . 2) caccce poses pweu shy Pes Wen eeS ee ebcs dececenmece’ occu weibare'y ikki emer: Rielle cae Clee iitnane aaa anne 11. 332 
Sulphur Se ere Line teste Seer d Slave SS oe a oi bes wln oeikict 5 Os Se ee eae SU a ee 0. 693 
Phosphoricracidl 2a c)cie oo toe ete eee hele nis she & wie ooo < > owe. ci 'sin.ce bOI RRIOD REE OE eae eae ee eee ee en eee 0. 029 
Carbon, by <ditleren cel tae saath teks a tein ee said oS ccse on cene ah ocean ue poets oe meee ete ce einer 87.456 
My. E. C. Pechin gives a typical verified analysis of this coke as follows: z ‘ 
er cent. 
Volatilematbers. sant ite cayeacceisesne ee ses oo mia'e's alae o.oc aise Sin bial aie eik xia alee CRE Sere ee ee oe ten tae cl ae 1, 296 
Carbon; hydrogen; and mitrovenerec descr ee foe face wcns cc cods pCa oO nee RE eee ee a ecieee 89) 1470s 
ASH otis Se cot wetye oe eee ae eee eee eR isis IS ore aio cicinele cide oehe mee eee eee Meee be wise re it cle eee ticks ce een ere 9. 523 
Water 22.525. ae hatckb ot crease Cee Mee ee Ohtani cab doe 2S oS wc cid a tg Gila, ieee SRS ae ee re Ree ane eee ae ote ear 
Sulphur J ic cawdp te etaee Shr eee atc ies ged ih osc Kuen coed oalusbechciecie ot te eee oe 0. 084 
Ash ignited: 
Silt ao. cece ois eye misesesieyeters & Fs) b oA E RIE re Aare Ser aae cane eo en'side tie BOSSE FIE oO STALE oe CUE Re ES eee ey See ate ne 5. 413 
A LUD ie ech oe aeateree tei ot alee tear tee are? Ce a Ai eee Ie fi me ci mine ACEI EC beNceIAL 3. 262 
Sesquioxide:d= Sess ecc se eee ene eee wits dias idd ca sanetegccaclided eo eeleoee Mee othe ae See tema e es ae 0.479 
LAM! cee csieb ese Saat ccinase eee cee ece ere weaves hil de 00/6 clle ape Sao Sit ow oe OO k Oe aE te ee re ees 0. 243 
Magnesia 2. sc vacleieg seule tasic so cuetee gee btele ets mids clots = bronpctblo sae c.g S alava deeb a Siam lay ere ates ot eo ee ee orate 0, 007 
Phosphori¢ acids... oy cen tk a See ame gece wleceeile aac entclos Sores calc me Se fc sam Sen eee Biel ottee sires sore 0, 912 
Potash: and sodas: a./cistoprteielve cate ota deletes este nie areal oin'c delat atele’ « oict shes ore ©: cad neve ett aegis toe stare traces. 


In commenting on this analysis, Mr. Pechin, who has had considerable experience with Connellsville coke, says: 

A large number of analyses of Connellsville coke have been made, showing less carbon and more sulphur. As regards carbon, I have 
had a number of analyses made at different times out of different lots, showing somewhat more carbon than the above. 

It will be noted that Mr. Pechin’s analysis corresponds very closely with that given above from the 
Pennsylvania geological survey, and from the best evidence I have been able to obtain I regard these two as 
fairly representing the average of good Connellsville coke. At the Edgar Thomson steel works, near Pittsburgh, 
a large amount of coke is used from the works of the H. C. Frick Coke Company, and frequent analyses for ash 
aremade. The average of a large number of these analyses, covering the deliveries of 150,000 tons, extending 
from May 25 to November 18, 1882, gives 9.75 per cent. of ash, the range being from 9.11 to 10.91 per cent.; 9.75 
may therefore be regarded as the average ash in good Connellsville coke. 





a Drawings of these ovens are given in the chapter on “ Bee-hive Ovens”. 
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It is almost impossible to arrive at the average detailed cost of making coke in this region, as the mines and 
facilities for manufacture greatly differ. 

When engaging in the manufacture of coke, no one should have less than 200 acres of coal to 100 ovens. Coal 
advantageously located cannot on the average be had for less than $400 per acre, and the ovens, with all the 
necessary plant, cannot be built for less than $40,000. Then we have: 


PArO Ree Tree eae DOU ACL? fae ate a Eee eLiyn tans => pein Sele baie k os evs add ehEE wate ne Sie adware /sas vey ae $30, 000 
IMO ceN erie COTY ES agencies cae dpe Abc 05 CARES SESE AE 5 Geese Cera oi Ale ami afar So Phe a et A 40, 600 
PEEL AOE ees eet eveetate a a anes ere sic ista ole oi bacs cts’ Wa ohn is ow et dou eee coe (oases see oe ese. 120, 000 








At least 8 percent. per annum interest should be expected on an investment of this character, which gives us: 





REE SUM sales axe ste er So dS wa Saal em ain'e ainin'dim igh dV cin lec ninacicionn ys was oss win scsceadees Suen augendsapananeucneses $9, 600 
LOOMONS ESOL DOL ANNUMML TE Mw ae OLesOLeCOdls pA Owaacds wee sie eccccdecewescccccctece cadeccccsucccets scue 2, 800 
SRA ON siete ota oe a aA a Sn'e vise claims A ~ a acune ae ocra sis ins sem duc tueaaaingsece nine, 12,400 


So it will be seen that at least $12,400 should be first made yearly out of an investment of this kind to pay 
interest and make up depleted capital. It is not possible to make on an average more than 39,000 tons of 2,000 
pounds each of good coke yearly with 100 ovens, and by the above figures it will be seen that it will require about 
32 cents per ton to cover interest and replace capital. 

At the best arranged works in the Connellsville region, and at the present prices of labor, the cost of 
manufacturing a ton of 2,000 pounds of coke is about as follows: 


Bp OHHE LON GN OF COKO neces 46s sia5 hasan os oa aaek coeivae ceacee dea Pe aseat emer seas Gaaiiae saat eae wes $0 38 
eNO ee Ns ae PMs oo See eaters. we anda Nae Se eed ce die tse ne deus sob eks we dete eeow dace dauccoasesacs 25 
SRI UAC ceed UCI CLAS Dane MER 6 2. oj S 00 oe gcladh) Seams one dedacebedibend duud -fcd wes aoe ee eee 10 
eee a ee ee Me a a Ce ae eagle a se aeec< dmnlk Sous odeleus) sctagel tawcldke sa mmice nda cha hawt yum decisimgls als sare ache 10 
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For the total we have: 





Interest on capital; and allowance for coal used, per ton, say...... 2... 0.0025 cesens conn ceweee e+e cece eenn-es-- $0 32 
Se eer RAMU RE TOLO ek oe oma Sain es an oy mae Ah ewe ao has nis nergy ies seme tenes ena cncegas.ce saue% 83 
Ce PIED La ie penta Siero ee ei AR lt cf BS Pe ie eae i ae Se a Tea 115 








The above calculation is, if anything, too low, as the investment in ovens, ete., is lost when the coal is all 
gone, and the cost of manufacture will increase as the front coal is used up. This calculation is based on coal that 
will drain itself, as the cost will exceed this when drainage is added. Until recently most of the coal was brought 
out through entries, but now a number of shafts are employed, the great increase of ovens necessitating the mining 
of coal at points where the coal-measures are from 300 to 500 feet below the surface. 

A statement furnished by Mr. John Fulton as to the cost of a plant of 400 ovens erected by the Cambria Iron 
Company at Morrell, Pennsylvania, and also as to the cost of producing coke, differs considerably from that given 
above. The cost of the plant at Morrell was as follows: 





Vi arene ejsoe.. Sos eh Seagis¢ acbctscot, bee eRe eS Cee ee ee ae SS ee eae eee eo ees eee eee $29,113 80 
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This would make the cost of a hundred ovens $57,096 434. Taking the cost of workmen’s houses, $30,598 48, 
from the above, the cost of the 400 ovens, not including such houses, would be $197,787 26, and of 100 ovens 
$49,446 814, or very nearly $50,000. This Mr. Fulton regards as the cost of 100 ovens where the coal is worked 
by slope or shaft, the estimate being based on a slope 2,000 feet long or a shaft 300 feet deep. Of course when a 
simple adit is run the expense would be less, but adits are exceptional. This is 25 per cent. less than the estimate 
above given, but is based on the actual cost of a bank of 400 ovens recently built. 

The actual cost of making coke at the works of the Cambria Iron Company, at Morrell and Wheeler, near 
Connellsville, is given on page 34, the mining of coal being based on 25 cents per ton for mining the room coal and 
32 cents per ton (2,000 pounds) for heading coal. 
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MINING COAL. 














Mining coal, per ton (2,000 pounds)... 22. .-..-- 0-22 ene eee ee een ne cen nn eee core cone cone commen cowene ” $0 27.6 
Hauling ..---- 2-2-2 eee ne cone cone cece cee cee cece tees ce nnn cen ones cnn wes eee ence ctewes cecnss secses ence 07.3 
Hoisting ‘and dumping: 6-2 32qcth ke 35 as loa oe eee ga cen tee be ae oho eek apne ue = cok cinta oleae eRe eae See aeeene 03.8 
Superintendent, foreman, and clerk. .355-0 5. ao sawoce vamone sn ccisasee sachs bs omlsvani bs on bun bieries Sele «a actteaag 01.6 
Lumber, ‘ties,'and props 226 Sooe ne saiee ae ary sae eee maciniaye been ais rigie stele eee oie allele = min at nieces etee tagnite « eeere cnet 02.9 
Repairs and supplies... s i206 lowes weepad caldwell oes cect s Vaccavawin vas seed ccccieoces osacnr dau psaeeaset «= aeuee 06.8 

Cost. of coal per fon, delivered: atovetiac ees tes aces ene ec'cciecce. opens ans chee dee eee tees 50. 0 

COKING. 

1:6'tons;of:coal, at 50 centstccc se. = nose aine ce tee cic eo si ce ses, sacar sin se tou ech ne soe eee eet eet ete cee iaeine $0 80.0 
Labor (drawing, loading, charging, superintendent, and clerk) .... ..-... ---- coe cone cnceee senses once ween 41.2 
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It is estimated that at these works 20 cents per ton on all coke made should be added to this to pay for real 
estate and interest on improvements. This would make: 
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It will be noted that this estimate of the cost of manufacturing coke is considerably in excess of that first 
given. These two estimates, from two reliable manufacturers, are given for the purpose of showing how difficult 
itis to arrive at exact figures. 

The result of a careful survey lately made puts the amount of coal yet remaiuing in this region at 72,000 acres.. 
As each acre furnishes 5,500 tons of coke, this would furnish, say, 400,000,000 tons, which will supply the present 
output, say, 200 years. This only applies to the Pittsburgh bed. Other seams in this same field not now worked 
will no doubt, when needed, furnish a supply of coking coal. 

Before speaking of the Allegheny Mountain region, the next most important coking district in western 
Pennsylvania, it may be well to refer to those coke works in Fayette and Westmoreland counties not properly 
belonging to the Connellsville region. In these counties are two coal-basins, or, more properly, sub-basins or 
troughs, in addition to the Connellsville, one the Greensburgh, of small extent and lying only in Westmoreland 
county, the other the Lisbon or Irwin, which is much larger than the Connellsville, extending from near the 
northern boundary of Westmoreland county in a southwesterly direction, through Fayette and Greene counties, into 
West Virginia. In both of these troughs the Pittsburgh bed remains, from which considerable coke was made in 
the census year, mainly from slack. 

Following the line of the Pennsylvania railroad, the first of these troughs (the Greensburgh) lies west of the 
northern extremity of the Connellsville basin, and some five or six miles from Latrobe. It is of but little importance 
as a coking-field, only 4,154 tons of coke from unwashed slack being made in its limits in the census year. 

The second of these troughs, still following the line of the Pennsylvania railroad westward, the Irwin, is less than 
10 miles distant from the Greensburgh, and includes the mines of the Penn Gas Coal Company and the Westmoreland 
Coal Company, so well known for the production of coal of excellent gas-making qualities. The coal from the 
Pittsburgh bed in this portion of the Irwin trough makes an excellent coke, and contains, except in very rare cases,. 
but little sulphur and a very low percentage of ash. The coal, however, is much harder than the Connellsville, and 
will bear shipping, which the Connellsville, as a rule, will not, being too friable. The coal of this trough also 
contains a large proportion of volatile combustible matter, and consequently the percentage of coke per ton of coal 
is much less than in the Connellsville region. For these two reasons, and to utilize what would otherwise be not 
only a waste product but one very inconvenient to dispose of, but little lump coal is used in coking, most of the 
coke being made from slack, 9,200 tons only out of 215,045 tons used being lump coal or “run of the mine”. 

The largest works in this trough is that of Carnegie Brothers & Co., limited, who have a large number of 
ovens, with necessary washers, near Larimer station, on the Pennsylvania railroad, washed slack chiefly from the 
mines of the Westmoreland Coal Company and the Penn Gas Coal Company being used. This coke is of good 
quality, in some respects equal to the Connellsville and lower in ash, and has been used in Pittsburgh furnaces 
with good results. An average of three analyses of the Penn Gas Company’s coal, made by Mr. A. S. McCreath, 
chemist of the Pennsylvania geological survey, is as follows: 


Per cent. 
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From Messrs. Carnegie Brothers & Co., limited, we have the following analyses of the slack, both washed and 
unwashed, and the coke made from the same. It will be noted, on comparing the analysis of the unwashed slack 
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with that of the coal above given, that the amount of sulphur and ash are both very much higher in the unwashed 
siack than in the coal, while the volatile matter is somewhat lower. By washing, the slack is made to very nearly 
equal in purity and contents the unwashed coal: 





SLACK, 





Constitutents. “| Coke. 
Unwashed} Washed 
coal. coal. 
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Southwesterly from the Pennsylvania railroad, on the Youghiogheny and Monongahela rivers, several 
banks of ovens have been erected to utilize the slack from various mines. This slack, however, contains, when 
unwashed, fragments of slate, which interfere with the reputation and the use of coke made fromit. At Cat’s run, on 
the Monongahela, near the Virginia state line, where ovens and washers have been erected, an analysis of the coal 
is as follows: 


VMOA NED Sat oi no SS nS SES SOb Ces ESSE s GHOTIC TOET SC EE eae eral 7 1. 040 
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The slates of this coal are sontewhat thicker than in the Connellsville basin, and the coke is not apt to find a 
ready market, owing to the injury caused by projecting bits of slack. 

We give below a statement showing the manufacture of coke in these two counties outside of the Connellsville . 
region: 
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The most important coking district in western Pennsylvania, next to the Connellsville, is the Allegheny 
Mountain, which district includes that part of Blair and Cambria counties that lie in the first bituminous basin 
along the sides and near the summit of the Allegheny mountains. This basin extends both north and south of 
these counties, but the coke made from its coal in the census year was all made in the counties named. 

The coal in the different sub-basins of this district differs widely in its coking qualities. In the eastern portion of 
the region, on the eastern slope of the mountains, near the summit, it cokes readily in the bee-hive oven, forming a 
hard, silvery coke, but little, if any, inferior to the Connellsville; but west of the summit, on the slope, bee-hive 
ovens are also used, and the coke, which is from a different bed of coal, is not as good as that at Bennington and 
other localities in Blair county. Still west of this a few miles, at East Conemaugh, pits were used and a good 
coke made, while a short distance farther west the coal is so dry-burning that the Belgian oven is employed. 
This distance, say, from Altoona to Johnstown, less than 40 miles, thus becomes one of the most interesting coking 
districts in the country. The coal varies from a true coking coal, making in the bee-hive oven an admirable blast- 
furnace coke, to a dry-burning coal that cannot be coked to advantage in the bee-hive oven, requiring the heat of 
the Belgian to coke it properly. In this same district could be studied in the census year the three typical 
methods of coking: in pits, in bee-hive ovens, and in Belgian ovens. The experiments made for the Cambria Iron 
Company by Mr. John Fulton, their mining engineer, in the use of different coals and methods of coking, as well 
as those relating to the value of cokes, have been the most careful and thorough of any made in this country. 
They have already been of great value, and must be of increasing importance. 

The coal most extensively used for coke, as well as that making the best coke in the district, is bed “B” of 
the geological survey. An analysis of this coal as it is mined at Bennington, in Blair county, where it is called the 


Miller seam, and the coke from it, is as follows: (a) rhe es 
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This coal is semi-bituminous, and has a shining luster, contains considerable pyrites, and in the vicinity of 
Bennington the bed is about 34 feet thick. All of the coke made in Blair county (bee-hive ovens being used) is 
from this seam, and closely resembles the Connellsville, is sonorous, cellular, and tenacious, reasonably pure, and 
has great calorific vigor. " 

On the western side of the summit of the Alleghenies, at Lilly’s station, in Cambria county, coal from bed 
E, commonly known as the Upper Freeport bed, is coked. An average analysis of this coal at this point is as 
follows: (a) j 
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This coal has a bright, shining luster, is rather friable, and contains numerous thin partings of mineral charcoal 
and pyrites. Coke was made from this coal in open ricks until December, 1879, when some bee-hive ovens were 
put in operation. 

The Lilly’s Station mine is in the Wilmot sub-basin of the first bituminous basin. A short distance west an 
anticlinal rises, which separates this sub-basin from the Johnstown sub-basin, where bed E is again used at the 

East Conemaugh ovens. This coal is reasonably pure, is low in ash but high in sulphur, and makes a dense coke. 
It is also low in volatile matter. 

Though this coal was coked in open ricks during the census year, Belgian ovens are now (1882) being erected 
to use it. 

At Johnstown, bed E, or the Upper Freeport, the same bed as is coked at Lilly’s station and East Conemaugh, 
is coked in Belgian ovens. An analysis of this coal by T. T. Morrell, chemist, is as follows: 
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Mr. John Fulton has prepared for this report the following statement as to the coals and cokes of this region: 
The Allegheny section affords three types of coking coals: Connellsville, Allegheny-Bennington, and Portage. 

Connellsville and Bennington types are coked in bee-hive ovens, and make excellent coke. 

The dry coals approaching Johnstown basin would require to be coked in Belgian ovens, as they do not inherit 
sufficient pitchy matter to fuse in the slow heat of a bee-hive oven. 

The following table exhibits the typical coals of the Allegheny region for coking: 
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These three types of coking coals embrace the main supply of the eastern section of the Allegheny region. 

The Connellsville (Pittsburgh bed) is 8 feet thick, with soft, easily-mined coal; Bennington (Miller bed B) 
3 feet thick, affording also a soft coal, and the Lemon her or aren Freeport (bed E), 4 feet thick, gives a very 
desirable coal for coking. 

The detached Broad Top coal-field in Huntingdon and Bedford counties affords coking coal which produces a 
hard, bright, cellular coke, second only to Connellsville. The Kemble Coal and Iron Company coke for two blast- | 
furnaces at Riddlesburg from the Kelly or ‘“‘E” bed in bee-hive ovens. Robert Hare Powell, esq., is coking the 
“‘A” or Fulton bed in Belgian ovens. 

The East Broad Top Railroad and Coal and Iron Company coke a dry coal in Belgian ovens with indifferent 
success. . 

The three types submitted, which embrace Broad Top and Clearfield coals, can be coked to good advantage, and 
the cokes take a first rank for metallurgical uses.- Outside of these there are two extremes that will require special 
treatment to produce a moderate quality of coke: the very dry coals of the east, holding from 16 to 18 per cent. of 
hydrogenous matter, and the very fat coals of the west, holding from 30 to 50 per cent. of volatile matter. The first 
requires to be char bed into a hot oven to fix its small percentage of fusing matter ; the latter requires to be coked 
slowly under pressure to repress an excessive cell development. 





a Report of the Pennsylvania Geological Survey, HH, page 33 (McCreath). 
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The following table exhibits the physical character of the cokes of the Allegheny border, taking the 
Connellsville as a standard: 
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From the above table it will be seen that the Allegheny coal region affords a wide area for coke-making, and 
it is remarkable that, so far as disclosed in the practice hitherto, economy of production and good quality of coke 
are closely allied. It also affords a wide field for the application of ovens adapted to the peculiar wants of each 
family of coking coals. 

It may be urged that the Connellsville and Allegheny Mountain belts may become exhausted. To this it may 
be shown that the law of similarity of composition of coals in each basin would afford a large additional supply of 
coking coal. The lower productive coal-measures in the Connellsville basin must produce at least twice as much 
coking coal as the great upper bed, and the belt of coals between the Johnstown sub-basin and the Connellsville 
basin should also afford a very extensive supply of coking coals. It would appear, therefore, that the present 
demands the utilization of the best coking coals with the utmost economy in the production of coke. 

Though no coke was made in Somerset county in the census year, I am informed that there are 30 bee-hive 
ovens at Ursina, built about 1868 or 1870, but as the coal failed to make a marketable coke these ovens were 
abandoned, and have not been in operation for some years. The company has recently been reorganized, and 
the ovens will be repaired and put in operation. Coking is also now being done at other places in this county. 

The Appalachian coal-field, at its northern extremity, breaks into a number of small detached coal-basins. 
From the coal of one of these, the Blossburg, in Tioga county, 33,572 tons of coke were made in the census year, 
all from washed slack, 53,777 tons being consumed. Slack both from the Bloss bed (Upper Kittanning) and the 
Seymour bed, which lies some 150 feet above, is used, but the Seymour-bed slack furnishes much the larger 
proportion. This bed is from 3 to 34 feet thick. The coal is semi-bituminous, bright and shining, and is very 
tender, carrying numerous thin partings of iron pyrites and a large amount of mineral charcoal. An average 
specimen of the coal from this bed, as analyzed by A. S. McCreath, gave the following result: 
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I have no analysis of the slack, washed or unwashed, but an analysis of the washed coke is given in report 
MM of the Pennsylvania Geological Survey, page 110, as follows: 
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The screenings are thoroughly washed and coked in bee-hive ovens, the yield being about 62 per cent. of the 
washed slack. The ovens are burned from 48 to 72 hours, and the coke is watered in the oven. When properly 
burned, it is an open, porous, cellular, ringing, and strongly coherent coke, and its physical structure is very good. 
From its location the manufacture of coke at this point is commercially of considerable importance, a large portion 
of New York state being supplied with this fuel. Two ovens were erected at McIntyre, in Lycoming county, during 
the census year, and experiments looking to the utilization of this so-called McIntyre coal were made. 

But little coke is made from the coal of the Pittsburgh bed at or near Pittsburgh. There-are two reasons for 
this. In the first place the coal does not make as good a.coke for sinelting iron as that from the same bed at 
Connellsville, which is only some 60 miles distant. While the coke is as pure, indeed somewhat purer, the coal 
contains so much volatile matter that the coke is generally too porous for blast-furnace purposes when the lump or 
run of the mine is used. In addition to this, the coal at Pittsburgh is more valuable for other purposes than for coke, 
and by using an oven adapted to coking this coal, good coke could be made, but under present circumstances it 
would not pay. 

Notwithstanding these facts, Allegheny county ranked fourth in order of production among the counties of 
Pennsylvania in the census year. It also made more coke than any of the states except Pennsylvania, Ohio, and 
West Virginia, its production being only 35 tons less than that of the latter state. There were produced in this 
county 95,685 tons of coke from 166,700 tons of coal, all but 10,618 tons of which were slack. Most of the slack was 
washed. It will be noted that while the larger number of ovens were bee-hive, 140 were Belgian, nearly half of those 
in the United States. Considerable success has been reached in coking Pittsburgh slack in this oven, and it is a 
curious fact that in western Pennsylvania, where the bee-hive oven is used so extensively, and, indeed, where it is 
the best oven for most of the coal now coked, the Belgian oven has also been used the most successfully, these 
Pittsburgh ovens and those at Johnstown showing the best results of any flue ovens in this country. It is also 
worthy of note that the coke is watered inside the Belgian ovens at Pittsburgh. Probably this practice obtains 
nowhere else. 

A noticeable feature of the manufacture of coke in Pittsburgh and vicinity is that it is chiefly to utilize what 
would otherwise be a waste product. Slack is used in other sections, but nowhere to the extent that it is used at 
Pittsburgh. In what is sometimes called the Pittsburgh district, which includes Allegheny county and those 
portions of Fayette and Westmoreland counties outside of the Connellsville region, in which 216,429 tons of coke 
were made in the census year from 389,505 tons of coal used, only about 25,000 tons, or 6 per cent. of the whole 
amount, was lump coal or run of the mine, and more than half of this was used, as has already been explained, in 
bee-hive ovens for the purpose of manufacturing gas, the coke being a by-product, so that of the entire amount of 
coal used in this Pittsburgh district directly for the manufacture of coke about 24 per cent. only was lump coal. 

The following table gives the chief statistical items concerning the make of coke in Allegheny county in the 
census year: 
































| ree OVENS. | COAL. COKE. 
County. | estab- Capital. l | Number of| Wages paid. 
| Pees ip omber | Number || se hee nt | Tons used Value Tons Value 
: | built. | building. | Hake ea cai : produced. ¢ 
: 
Allegheny #25... is0e te a | 17 $325, 150 476 20 171 $59, 485 166, 700 $119, 718 95, 685 $235, 915 
| | | 





























utside of the districts already mentioned the manufacture of coke in the state of Pennsylvania was of 
comparatively small importance, although the total make of these counties is much greater than the entire make 
of a number of the states. The coke, however, is either produced for the purpose of utilizing screenings, which 
would otherwise be wasted, or to supply some local blast-furnace with fuel. 

In the Allegheny River region, which may be regarded as including the ovens in the valleys of the Allegheny 
and Redbank rivers above Pittsburgh, coke was made in Armstrong, Butler, and Clarion counties in the census 
year. But 7,000 tons were made in Armstrong county, all in pits or mounds. This coke was made from Upper 
Freeport coal, Mr. McCreath’s analysis of a fair average specimen being as follows: 


Per cent. 
Water ui tie od sak ce a a tee ce Me rece ee eine eels Sale ik Sy ee ea De RTE oe 1.700 
Volatile matter sc 622) scewbe os ome cate toe See ele alse bc a cctcla) Neat Ste oe ee ee eye tee ea ERE Sa) 35. 520 
Fixed. carbon 0252032 6 soph as ee bere a on nae ci sks Cele OES Rr eee et ee a eee Pe bovo4o 
Sulphur’ 12222. 4.0 2c.c2e2 Ao eee pe eos Seen Stee cork bio cic ome oe eee eee oe ee eC) ere ee 0. 835 
ASD? oc eic sinc tee cba eddie As ee ee re ota ic Bene ce eeicie eg Lacan Sere em ego ht ee 6. 630 
Yield of.coal in coko.2... 0) son een eee ee sea RSPAS ee SES Re age Lie See ES” 63. 0100 
Phosphorus:it: coales.e Sonat oe eee ee Oe ee nae oe se ee Pete meaties ee sees © 5 asa weee 0. 0684 
Phosphorus in ¢oke 2 sos Si Sees eee ee eee si ee ee eee Ss =e i Seater 0. 1085 


The coking is badly done in open-air ricks, requiring from 8 to 10 days in the operation, according to the state 
of the weather. The coke is very tender, and is an inferior fuel; crushing and washing the coal before coking 
would improve it. It is used in a local blast-furnace. Another works was in course of construction. (a) 


i, 








a At this works, which is now (1882) in operation, the coal is washed, and a very good blast-furnace fuel is made. 
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In Butler county coke (400 tons) was made at one small works for the purpose of utilizing slack from the mine. 

In Clarion county there are two coke works, but one of which was in operation in the census year. The idle 
works, when in operation, supply coke to a blast-furnace which was idle during the entire year. The coke made 
is from the Upper Freeport coal, the bed ranging from 2 feet 6 inches to 4 feet 3 inches, the coke showing the 
following analysis: 


INU Ce eee ete eee ee ee aa Nl ete etme cers Seat oe cles cna braid Gibielna eo v masia dieu mc eipace sac cae sisas censuses edna 0. 230 
WolauilenntibeCineenmrc sa cete = Sect tm tak os ec eee ss eee oe ce ac cote ct eee volbwsede ol be%s deieccacuebetocce 1.106 
WEREURCAEIONGE TEES fase cota sis clee cia lett etna c vbcUne dots cohen cmies sed RL SA eS jo BSNS Be SAE AL Ass 5 oe 88. 360 
eA ete g = eaieasi ie 5 WS sich ows tine leceden gbus\aye nn Spagi-ethlssth sic veulsip'svec'dteslecceense- seuss 1. 076 
es [fer St eto tok). Sagk oe Saat hn Se ists Sale as, wciee cue nic slniaie 6,2 sernp w Sie eee eadleiaccen sauce cbcclearn 9, 228 


At the works which were in operation in this county coke was only made for the utilization of slack, the coal 
in this case being the Lower Freeport, and the yield in coke being 67 per cent. The coal is from 54 to 64 feet thick. 
The slack is mixed with considerable slate and fire-clay, necessitating careful washing, which is done by a Stutz 
washer. The following analyses show the effect of washing on the coal and coke: 


Unwashed slack. Washed slack. 

Per cent. Per cent. 
Sue e ee eae Seen nae ina etme tte emtctac = Waekiach sew cates saciels sacha ea ae csth det ics ac eters OO" 1.300 
MDLOLLLG TA UCI seem ce ateueiey «acct alaeles au pisiaeiasis'a bao oCclnfac cick Giacle seleiesssdtis bees eho 35, 130 35. 825 
PEs CRG) AN) Oe ee eet Sera tet goles ei ein 5 8 ohn c wnlein tals apis sit) oieiae era Gia w/nfinigiaic opie areistes S Ne ol. 397 54, 223 
tN ee ee I esc be a agin vies a kes alps Ue S we'nioysininite oct e ase 4 ie Sora POA 1. 988 1.312 
ee Coa ell nm alten eine ol alae bis ais w foto sie win leeks make nob ova giecpe cs aceeen 10, 225 7.340 

COKE FROM WASHED SLACK. 
VRE oconocabs Doog gas embe dbtoma de Bas beasrics ieee iS Sk SAF ke pala id he a ear en Se oan a ge ep 0. 033 
Wika, TINSGEGT = 26 Us 545 bes aS ae a Ee Ae eae Sed Te Se eta oe An ears Aree Me ne nee a 0. 623 
MEIC NCOELT: EOFs ctetatateta sleet tee = ta ees aden roetel eet aye a saa eid, ate ene eels SO SE asl Es Ske a Sa Seo cle eto ae cides 85.777 
Piatt eects nls eiestenera ate era Pete eae Ain el oN saola lait cl sian sft alate aloe hah Sein wlqace ois lela oie yaa nlele clave aim ajele wie wiajete se eetelclete 2.107 
Nae ee ee re ne sees amen a Set cea Cclate sci dhciel ete aecicce ccivcis ewe eels teessecescsscans ESHA 11. 463 
The cost of washing is about 12 cents a ton, but on a large scale it would be somewhat less. The coke is 
bright, silvery, of rather an open strucfure, with small masses of slate included. : 


In Washington county 1,200 tons of coke were made in the census year; but like most of the other coke made 
on the Pan-Handle railroad near Pittsburgh, it was only made to utilize a portion of the slack at the mine, as at 
times it is more profitable to sell the slack. 

In Beaver county there was one small works, making altogether but 506 tons of coke from slack produced at 
a small mine. The coal used is from the Kittanning bed. This bed is in two benches, the upper a hard, dull, open- 
burning coal, with some pyrites, and the lower a bright, oily, soft coking coal. Much of the lower part comes 
out as slack and nut coal, and is coked. The coke is firm and porous, has a bright silvery luster, and is used in 
the steel cutlery and other works at Beaver Falls. The analysis of this coal and coke is as follows: 


‘ Coal. Coke. 

Per cent. Per cent. 
IVVISUU ON torer. cietre arate bate cee SSS Mee he RSA Re Ooo ae Ha ee ERs A iit Te Le See 2. 400 0. 010 
MiG OU ORIN AOUOE a2 sare res erclo riots aetiiats ca eee ee wale ate Maco acts Se dele eee Ons Ay 38. 110 0. 633 
ECHL Ol cen cede ape eye seems ae eeee I ee ern eR ce SNS ec Ochoa olive ad seeese 54, 619 84. 727 
Sa Ue eran suse seals alcrees Sts eateea statis oe Neieis on ate tc ae eeaes lc henteemecie nee and eee ese 0.791 1, 994 
IME co pacpa cee GE Se HOD CEE GR SE SOROS Seal t ye ier Alias ie by alse Ea Ah Oh ee a re ce 4. 080 12. 636 


It is evident that the coalis a picked specimen, and that the slack from which the coke was made contained a 
larger proportion of slate than coal. 

In Lawrence county 3,941 tons of coke were made in the census year, washed slack from the mines in the 
vicinity of New Castle being used. These works had been idle for some years, but owing to the increased demand 
for coke that sprung up in the census year the works were repaired andrun. There are also some coke-ovens 
connected with the Wampum furnace, but these were idle the entire year. When running, they make coke from 
the Darlington or Upper Kittanning coal. The coke is mixed with Connellsville and is used in the furnace. 


THE COKE INDUSTRY IN WEST VIRGINIA. 


Coke to the amount of 95,720 tons was made in four counties of West Virginia in the census year. The 
following table, condensed from Table I of this report, gives the chief statistical items concerning its manufacture : 







































































OVENS. | COAL. COKE. 
No. - ae | 
4 estab- : || Numberof . ro 
Counties. lish- Capital. || ARP oe ol aoe bar igmploves Wages paid. | Tih 

ments. | built. building. Tons used. Value. produced. Value. 
MBLC onaisine Memeo voce pee nets 6 $239 ,000 238 134 | 99 $27, 612 | 88, 769 $84, 444 57, 943 $127, 588 
INEGI IO DM cae Ansan wena ats aaa 1 14, 000 |; BOM cae wai dmateta | 5 2, 000 | 4, 200 2, 100 2, 800 4, 000 
That) a eee BAAD 1 3, 000 3 1 || 2 480 | 2, 180 | 2,000 || 1, 200 3, 000 
SPEIMANSOEE taee ne oink. 5 od api niciais alain asi 4 74, 000 130 16 57 18, 850 | 53, 331 47, 400 33, 777 82, 000 
PL DUA se tats wane sisinwn tesla 12 330, 000 407 151 163 48, 942 148, 480 | 135, 944 | 95, 720 216, 588 

| | 














40 MANUFACTURE OF COKE. 
In order of production West Virginia ranked third among the states, producing 3.48 per cent. of the entire 
make. In yield of coal in coke the returns contained in the table on page 11 show that Indiana coal surpassed 


that of West Virginia; and, disregarding the Indiana manufacture as little more than experimental, West Virginia, 
in this respect, stands first, closely followed by Pennsylvania. Indeed, the yield in coke of the coal of these two 
states may be regarded as the same. 

The most important, as well as the best known, of the coking coal-fields of this state is the New River field, which 
lies principally in Fayette and Raleigh counties, extending along the course of the New river (a) and its tributaries 
about 40 miles. Reports of recent investigations include the Flat Top coal-field in the New River district, which 
would extend this district to Mercer county, and make its total length 80 miles. The relations of these fields to 
the New river and the Chesapeake and Ohio railway and the Norfolk and Western railroad will be seen by an 
inspection of the accompanying map, prepared specially for this report, by Major Jed. Hotchkiss. 

Along the sides of the escarpment of these mountains, fronting on the cation of New river and its many 
tributaries, the outcroppings of several veins of bituminous and semi-bituminous coal are exposed, varying in 
thickness from a few inches to over seven feet, (b) five of them being workable, containing 3 feet of coal and 
upward. The coking property of these coals, in view of their relations to extensive deposits of iron ore, makes 
them very valuable, the coke made from them being an admirable blast-furnace fuel, second to none in the country. 
It “stands up” well in the furnace, has a high percentage of carbon and low percentage ef ash, sulphur, and 
phosphorus, and in the practical test of furnace work has shown results that have not been surpassed by any other 
coke in the country. At the Longdale furnace, with 72-hour coke and an ore with 50 per cent. metallic iron, 5 
per cent. silica, and of an aluminous nature, a ton of pig-iron has been made with a ton of coke, and this not for a day 
at a time, but for some weeks in succession. The average consumption for the entire blast would be in excess of 
this. As a result of this excellent character, coke is rapidly coming into use in the iron furnaces of Virginia and the 
Ohio valley, and the number of ovens has largely increased since the census year. (¢) 

The bee-hive oven was the only form of oven used in this region in the census year, but ovens on the Coppée 
system are being constructed in Virginia to coke the New River coal. The charge of coal to each oven is three tons ; 
the time of coking is 48 hours, except on Fridays and Saturdays, when the charge is increased and the coking 
continued for 72 hours. The coal yields about 64 per cent. of coke. This is to be understood as the average, not 
the uniform yield. The yield at Sewell in 1879 was 6523 per cent.; at Quinnimont, for five months, 66.7 percent. The 
chief points in New River region at which coke was manufactured during the census year, following the line of the 
Chesapeake and Ohio railway, are Quinnimont, Fire Creek, Sewell (Longdale Iron Company), Nuttallburg, and 
Hawk’s Nest. Below we give analyses of the coals of this region, and the furnace cokes made from them : 






































QUINNIMONT COAL. FIRE CREEK COAL. NUTTALLBURG COAL. 
Hawk’s 
Constituents. meen N . Ane 
No. 2,lump| No. 3, | os coal. . 
No. 1.* RaaLt pack + No.;8,9 |) SeNon2 No. 1.§ No. 2.t 

Per cent. Per cent. Per cent. Per cent. Per cent. Per cent Per cent. Per cent. Per cent. | Per cent. 
Hixed carbon ses csscnceees ce vace PE AN fx 75. 89 79. 26 79. 40 75. 02 75. 499 72. 32 69. 60 70. 67 75. 37 63. 10° 
Volatile matters csc. oe ele see eae ee! ae 18.19 18. 65 17. 57 22. 34 22. 425 21. 38 29. 59 25. 35 21. 83 82. 61 
A Ghd. 5 cous Ashe seat ae cuieteieasiepe mete wale aiate 4. 68 Lat 1. 92 1.47 0. 805 5. 27 1. 07 2.10 1. 87 2. 15 
Sulphur casctiewte can cee eeanes eee aes 0. 30 0. 28 0. 28 0. 56 0. 536 0. 27 0. 78 0. 57 0. 26 0. 74 
Waterco. fo. 2 oncscmatac eens chemo spaces 0. 94 0. 76 0. 83 0. 61 0. 735 1. 03 0. 34 1.35 0. 93 1.49 
Phosphorus eects deste s s'-eee ae se seme alee! aac eer es hag ee ahs Oise Poel OS eiaie ail lewis cc a aeiaerel elms ealemiea cil bea ee semnemlor|| meta aieneeetes 0.08 |]...--.------|---------+- 
Total jccnksceccecnteteosscenceacnebe 100. 00 100. 01 100. 00 Y 100. 00 100. 000 | 100. 27 100. 78 100. 12 | 100. 26 100. 00 


* Analyst: J. B. Britton. 








t Analyst: Professor Egleston. 











t Analyst: Dr. Ricketts. 





























§ Analyst: C. E. Dwight. 


|| Analyst: J. W. Mallet. 


As the Flat Top coal is now (1882) included in the New River region, and is rapidly assuming importance as a 
coking coal, we give the following analysis by A. 8S. McCreath: 


Per cent. 
Water. si vsecee ceeded ic dead oie Soe ee Cn One wee a be Pete ee neato eS soho ee ee ee ee See ne eee Saree 0. 982 
Volatile matter oie. 204. ne OE PO SS ee oer re ee Ne are es 5 ee ne ae ne Un ee ee cree 20. 738 
Fixed CATDON wicca ave mac ob auhelawrens eee te Site ee ee eae Ce hs eee ere cee arte ae 73. 728 
Sulphur oec5 22h Soe Sek 5 ares ee pe ie ee eee ar eRe Ce Sree ane a ee te nee = 0. 618 
Ash eee cs SE Soe oy wale poe erode ae DO oe ee ee a eee Re ert, en meee Oren Sey 3. 984 
Laboratory coke 5.2.0) fee ie ee ee ee a eee ere Le et nn Sn ES 8 Peas 78. 3300 
Phosphorus. Goi 652 Sect eee oe eee soe digs ere ne neo aLae Sn cine SEE ee a see scenes 0. 0013 








a The upper part of the Kanawha is called.the New river. 
b Four feet is the generally-stated maximum thickness of any of these seams, butaJetter from Major Hotchkiss puts it at 12 feet. 


This probably refers to the Flat Top region, and not to that section where coke was produced in the census year, 


ie 





In Professor McCreath’s: 


section of this coal at Pocahontas, published in Mineral Wealth of Virginia, 4 feet 8 inches of the 11 feet 8 inches is described as ‘coal 
With such a coal, if it is included, an analysis showing but 3.984 per cent. of ash is remarkable. 

¢ Mr. Jed. Hotchkiss, in the October (1882) number of his journal, The Virginias, published at Staunton, Virginia, gives the number 
of coke ovens in operation on the line of the Chesapeake and Ohio railway as 731, very nearly double the entire number of ovens in the 
state in 1879-’60, and more than three times the number in the New River region at that date. 


with irregular thin slate streaks”. 
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MAP 


OF 


NEW RIVER OF KANAWHA COKING-COAL FIELD, 


WEST VIRGINIA and VIRGINIA. 


By JED. HOTCHKISS, Cons. Eng. 
Staunton, Va., 


1882. 
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NOTEH.—The Coking-coals of the New River region 
of West Virginia and Virginia are found inthe Lower 
(Va.) Coal-Measures, (Rogers’ Va. Formation No. XII,) 
the ‘Pottsville Conglomerate” of the 2d Geological 
Survey of Pennsylvania. 
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Locations of coking works are underscored. 







The heavy black line with hachures shows, approxi- 
mately, the outcrop limits of the New River coals. 
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The following are analyses of industrial coke made from New River coals: 























QUINNIMONT. FIRE CREEK. x 
Constituents. =A —| Longdale.$| ~ uttall- 
No.1* | No.2. | No. 1+ No.2. | burg.t 
| Percent. Per cent. Per cent. Per cent. | Per cent. | Per cent. 
Violapile Mater, (no. ~ <5 aseean= Seer Neaetaeiekan se <e| seathal Sat paillieweicte © aaa as OS 292 Si loactecsitieatauhs coanea ce cae 
WED DOM nae Ara eh teenies = ay we ait pit 93. 85 93.11 92. 180 91. 940 93. 00 | 92, 22 
REIN ae ee a ees St 5. 85 5.94 6. 680 6. 928 6. 73 | 7.53 
BODO Pees ce alee w cinncunisid’hs la t'eie~ mic 0.30 0. 82 0. 618 0. 588 0. 27 0. 92 
ENT OIALULT Oana tet a eaiteicte oe oe entation ae ema e'a (nc liso eid eisitn cies 0.110 OS LOD res mete oe ts Waeae ote a eiais 
Total ere sete. ote ee kee! | 100. 00 99, 87 99. 588 100.00 f — 100.00 100. 67 




















* Analyst: J.B. Britton.: + Analyst: Professor Egleston. j Analyst: C. E. Dwight. 


The relation between the ash in the coals and cokes of which analyses are given will not fail to be noted. In 
but two of these analyses (Quinnimont No. 1. and Longdale) is the per cent. of ash in the coal and coke near what 
it should be theoretically. In all of the others the ash in the coke is much in excess of that which should be 
found in cokes made from coals of which the analyses are given. The ash in these cokes, however, is very low, 
but the cokes could not have been made from coal containing no more ash than the analyses show. 

There are now (December, 1882) 200 coke ovens in the Flat Top region in process of construction. The coal-beds 
are reached at railway level, so that no inclines are needed. Of the large vein opened at Pocahontas Major 
Hotchkiss writes : 

I have been into it over half a mile, and have had it fully proved for miles to the northeast, along the Bluestone slope of Flat 
Top. The New River coal-beds begin to thicken as soon as you cross New river from the Chesapeake and Ohio railway, and, from what 
we now know, attain their greatest thickness in the Flat Top region. No coal was coked from this particular bed during the census year. 

The only other county in which coke was made to any considerable amount in the census year was Preston, all 
in bee-hive ovens, and most, if not all of it, for use in the local blast-furnaces, generally by the owners or lessees 
of the furnaces. Professor Maury, in The Resources of West Virginia, describes the Preston County coal-basin as 
bounded on the east by the Briery mountains, on the west by Laurel ridge, and is the southerly continuation of 
the Ligonier valley of the Pennsylvania survey. - At the Irondale furnace a seam 4 feet thick is worked, giving a 
coke, which is used in the furnace, with the following analysis: 


Per cent. 
ISagd: GROVE. cance ce cmb Shenabeap doce -oAHeetse BSES Sc. c8Cc GaAs OSes See ener jt SY. 
So siGLe THAR soede Seoceegedes ottnbic. set s60 bus SCS Ser ESS DBE see ee en eS ee 0,54 
MLO ABIES) sole cold Se cob and bob bOeeiD y TASHeS CP OSGIS SS OISEe ISS IGA SCF eit a are 0. 16 
SU... Sage debe aacouo tone Maa acene 2b acs Be Genet ens BESS ASE A aes ieee ee 0.70 
ee en ene ee a ee ee mere eee Ue Mee One fos kel ceu'slacices clece ovecse nwasiscuisesiteeces 9, 30 


The coke made in Marion and Ohio counties is commercially of but little importance, that of the former county 
being only made to utilize the waste coal from a gas-coal mine. The ovens were operated but seven months, and 
during that time sometimes 5 and at other times 10 of the 36 ovens were operated, and at no one time were more 
than 15 ovens burning. The Ohio County ovens were run to supply a glass-works with coke, Wheeling coal being 


used. 
THE COKE INDUSTRY IN VIRGINIA. 


During the census year no coke was made in Virginia. A number of attempts have been made to coke the 
coal from the mines near Richmond, and some coke was made in this vicinity during the recent war for cupola use, 
but it was very poor stuff, and could only be used under the exceptional circumstances then existing. At the present 
time Virginia coke cannot compete in quality with that from New river or from Connellsville; indeed there is little 
or no coal in Virginia that has as yet been developed that can be adapted to the manufacture of coke. The 
Lowmoor Iron Company, at Lowmoor, Virginia, were building ovens during the census year, but made no coke. 
Their supplies of coal are to be drawn from the New river, in West Virginia. The Iron and Steel Works Company of 
Virginia, limited, have since the census year begun the building of 80 Coppée ovens at Goshen Bridge, Virginia, 
but in this case also the coal will be brought from the New River region of West Virginia. 


THE COKE INDUSTRY IN OHIO. 
Ohio held the second rank among the states in the production of coke in the census year, producing 109,296 
tons, or 3.98 per cent. of the entire amount. The following table, condensed from Table I of this report, gives the 
chief statisticalitems concerning its manufacture : 















































No. of OVENS. COAL. COKE. 
. estab- ; Number of +a | i= % 
Counties: lish. | Capital. |! Nomber | Number || employés. | W#8esPaid. | es | vaine, || __ Tons Said 

ments. built. building. '| produced. 
PAHO ¢iacae deca kee cde oe 1 $2, 000 | 8 12 7 $375 1,130 | $960 | 565 | $2, 097 
EOMANDIBT Gs <8 ogo a2 sein scien 2 57, 500 Tk Cetealinagei fie 27 11, 965 67, 646 101, 469 | 39, 424 125, 652 
TSEC ISSUE) 0 an A 3 14, 000 | oa the ae: 13 4, 012 14, 922 16, 471 |} 9, 806 | 42, 887 
DISRETEOU ays te tlnis foley «clas cin Oe 6 61, 512 | OA fe ae ape 99 34, 645 107, 189 104, 553 | 57, 684 | 156, 902 
Ee oo won we = scicoueh 2 2,000 | jy ie eR ee 3 480 1, 361 1,779 | 1,017 3, 808 
PEON Ny otic env ac'sia an a niin 1 7, 000 BO Naaetes wacom | 4 500 1, 600 | 3, 200 || 800 3, 200 
- { 2s hs ie ee = Sie => 
RM eld petrets sala =e a x's Ue le 15 144, 012 619 12 | 153 51, 977 193, 848 | 228, 432 |! 109, 296 | 334, 546 
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While much of the coal of this state is excellent for many purposes, there is but little as well adapted to the 
manufacture of coke as some of the coals of Pennsylvania, West Virginia, and Alabama, though most of the seams 
of coking coal are geologically the same as those of the former. They appear, however, at their best as they approach 
the mountains. Much of the coal used in Ohio gives a coke that is soft and brittle, and often high in sulphur 
and ash. This is not true of all the cokes, however, some being remarkably pure. The yield in coke is not as great 
as that of the coal of the same seams in the states mentioned above, being on an average only 58,64 per cent., one 
of the lowest yields in the country, Tennessee and Illinois only showing a lower yield. 

The chief localities in which coke was made in Ohio in the census year were Columbiana and Jefferson counties, 
which produced 97,108 tons of the 109,296 tons made in the state, or about 89 per cent.’ Most, if not all, of this 
was consumed in the blast-furnaces located at or near the ovens, the Columbiana coke being used at the Leetonia 
furnaces and the Jefferson County coke at the Steubenville furnaces. 

Of the coal from which the Columbiana County coke is made Professor Newberry says: “It is remarkably pure, 
and makes a coke of superior quality.”(a) A portion of the coke reported as made in Columbiana county was made 
in Mahoning county, the Cherry Valley iron works, which are situated in the former, having ovens in the latter and 
finding it impossible to separate the product of the two. Mr. J.C. Chamberlain, of this works, writes me regarding 
their coal and coke as follows: 


We have a mine and coke ovens on the Mahoning county side, another mine and coke ovens on the Columbiana county side, and a mile 
and a half south, at Leetonia, we have still another mine and coke ovens. All three of these mines are working the same seam of coal; this 
is positive, and there is no material difference in the coke; if anything the middle mine produces coal a little freer from sulphur. It is 
from this mine ‘that the “ Washingtonville coke” received its name. We call all our coke by that name. The coal is, according to 
Professor Newberry’s classification, ‘‘ No. 4,” but further and later examinations will place it one if not two veins higher in the series. 
The greatest thickness of the seam is 3 feet, the average is 30 inches, of which trom 4 to 6 inches of the top of the seam we do not coke, 
but use in the furnace in its raw state. This upper 6 inches is very hard and a little slaty. The bottom 2 feet we coke, using slack and 
lump coal or slack only, just as circumstances require. Generally we run the coal over a 2-inch screen and sell or use the lump coal 
at the furnace or rolling-mill, coking only the screenings. The coal is remarkably pure, is free from sulphur, and has a very low per 
cent. of ash. 


The following is an analysis of No. 4 seam coal, Leetonia, Ohio, thickness 2 feet 6 inches: 
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Coke compact; ash white. 


Two analyses of oven coke made at Leetonia are as follows: 
Percent. Percent. 
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Mr. Chamberlain writes me that the analysis of 1.20 of sulphur is the only one he has ever seen of this coke that 
showed over 1 percent. This coke is not so compact as that at Connellsville, and will not stand transportation so 
well, but it is used in the Leetonia furnace, and is regarded as better than Connellsville for the native ores. It is also 
claimed that it will carry as much burden by weight as Connellsville coke. 

This coal, when coked in bee-hive ovens, yields from 55 to 58 per cent. in coke, and is mined, paying for slack 
and ‘ top” coal at 69 cents per ton of 2,100 pounds. ‘he miners keep the top coal separate. 

An analysis of picked samples of the coal used for coking at Steubenville, Jefferson county, shows a very 
pure coal, containing less than 2 per cent of ash. As this coal is somewhat slaty, the samples from which the 
analysis was made must have been a very good selection. Mr. William H. Wallace, president of the Jefferson 
iron works at Steubenville, which was the largest producer of coke in Ohio in the census year, writes regarding 
Steubenville coke as follows: 

In reply to your inquiries in regard to Steubenville coke I would say: It is soft and brittle; it breaks very easily, and a large 
proportion of it becomes fine and like dust, even in transporting it from the ovens to our blast-furnaces, a few hundred yards distant. 
As compared with Connellsville coke, it is difficult to give more than an approximate statement. We have not used the Connellsville 
coke alone, but usually in the proportion of one-half Connellsville and one-half Steubenville coke. We find that it not only increases 
the output of the furnaces from 25 to 35 per cent. when used in this way, but the amount consumed per ton of pig-iron is less, being 85 
to 90 bushels of Steubenville, and but 774 bushels when mixed half and half. The Connellsville coke does not improve the quality of 
the iron when mixed with the Steubenville coke, and our forge manager, a practical boiler of many years’ experience, has said that the 
iron is deteriorated in quality by the admixture. As we use a large proportion of good lump coal in making our coke, it costs us not far 
from 43 cents per bushel, or $2 25 per ton. The Connellsville coke costs us from $1 25 to $1 75 per ton at the ovens; freight to Pittsburgh 
$1 16}. and freight from Pittsburgh to Steubenville $1; making it cost here from $3 41} to $3 913 per ton. If we could get the 





a Geology of Ohio, vol. iii, page 124. 
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‘Connellsville coke at $2 75 per ton it would not pay us to make our own coke, as the superior quality of the Connellsville coke would 
overcome the difference in the cost. Our coal contains considerable slate, to which is ascribed, by some, the brittle character of the 
_coke ; but it also contains a large amount of charcoal, and it is believed that in crushing and washing the coal to remove the slate this 
charcoal would be wasted. We use the bee-hive oven, and the views above expressed are the result of opinions formed from experience 
with coke made in this way. What difference a diffsrent process for its manufacture would make, and what improvement in quality 
might result therefrom, we have no means of ascertaining at present. 


The seams of coal at Steubenville are from 3 feet 9 inches to 5 feet thick. The following analyses by Wormley 
are of shaft coal No. 6 and of coke made from the same in the Steubenville Furnace and Iron Company’s ovens: 
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Coke from this coal analyzed by Wuth as follows: 
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All of the ovens used at Steubenville are of the bee-hive pattern, and vary somewhat in their dimensions, 
ssome being 11 feet in diameter by 5 feet high in the clear, and arched from the bottom, others 103 feet in 
diameter with 36-inch spring of arch above wall, 54 feet high in the clear. In some cases, with a charge of 100 
bushels of coal, 72-hour coke is made, and in others, with 75 bushels of coal to the charge, 48-hour coke. 

But little coke was made in the great Hocking Valley coal-field during the census year, the single establishment 
reported as in existence having been built during the year and operated from March only. While much of the coal 
in this region is adapted to use in the blast-furnace raw, and therefore does not need to be coked, other coals are well 
adapted to the manufacture of coke. Dr. T. Sterry Hunt (a) thinks that coal No. 7 will yield:a good coke, while 
the lower four feet of the great Pittsburgh seam, so fully developed in Big Run, gives a coke of superior appearance. 
Mr. E. C. Pechin, whose long experience in the manufacture of iron in the Connellsville region gives his views 
special weight, says : (D) 

In coal No. 7 the district possesses a coal for making an admirable coke which will shortly play a most important part in the 
metallurgical operations of the district. 

Mr. Pechin, in the same article, refers to a peculiar product of one of the coals of this valley, which he calls 
“charred coal”, which has many of the properties and can be put to many of the uses to which coke is put. He 
Says: 

I inspected the oven at XX furnace, which had been experimenting on various coals. The attemptat coking the small coal and slack 
was not successful, as the heat of the oven was not sufficient to agglutinate the slack; but in charging the slack several large pieces of the 
coal had gone in with it and had been drawn unbroken. They had retained their original shape, aud were extremely hard, resonant, and 
lustrous. The use of this charred coal will prove of special importance in those districts where coal No. 7 is either not found or becomes 
too impure for smelting purposes. 

But little coke is reported as madein Mahoning county. <A part of that reported in Columbiana county, however, 
was made in that county, and all information received is to the effect that some very good seams of exceedingly pure 
coking coal exist there. At Washingtonville there is one of the purest coals in the state, containing very little 
sulphur and not more that 2 per cent. of ash. The vein is 24 feet thick, and some little coke was made from it at 
this point. The coke made in Columbiana county was nearly, if not quite, all from the same seam. Formerly this 
Washingtonville seam is reported to have been extensively coked, and to have furnished a fuel regarded as excellent 
for blast-furnace purposes. One reason probably why this coal has not been more extensively used is that 
Mahoning county furnishes the well-known Brier Hill or Mahoning coal, called locally “block coal”, used largely 
for iron-smelting. Though this coal has more bitumen and less carbon than well-known coking coals, it is non- 
coking, and can be used raw in the furnace. 

It will also be noticed from the table on page 41 that some little coke was made in Tuscarawas Ose. 
but though this county contains some coal fairly well adapted to coking, and though many attempts have been 
made to establish the manufacture of coke on a commercial scale within its limits, they have up to this time been 
unsuccessful, the failures arising chiefly from unskillful management and the necessity of thoroughly washing the 
coal to remove the ash and sulphur. There is no doubt that some of the coals of Tuscarawas county, especially 
coal No. 5 and coal No. 6 of the geological survey, by proper washing will give good coke. That already made is 
generally strong, adhesive, has a high heating power, and is capable of bearing a heavy burden; but its high 
percentage of ash and sulphur precludes its use unless thoroughly and carefully washed, which has not yet been 
dlone. 





a Coal and Iron of Southern Ohio, T. Sterry Hunt, Salem, Massachusetts, 1874, page 78, 
b Metallurgical Review, vol. i, page 107. 
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The attempts to use the coal of Tuscarawas county at the Glasgow-Port Washington furnaces resulted in 
the loss of large amounts of capital invested in iron and coal land plant and operations by a company of Scotch 
capitalists. (a) 

All of the coke in Hamilton county was made from the screenings of Pittsburgh and other coals gathered from 
the coal-boats and coal-yards. 

Some attempts have also been made to use the Vinton County coals, and others of the Hanging Rock region, 
for the manufacture of coke, but with little success so far, though with proper methods and care a fair coke can no 
doubt be produced. A block of Belgian ovens are standing at the Vinton furnace, but they have been idle for 
some years, and there was no coke made in the census year. 


THE COKE INDUSTRY IN TENNESSEE. 


Coke to the amount of 91,675 tons was made in Tennessee in the census year at four works located in three 
counties. The following statement, condensed from Table I, will give the chief statistical items concerning its 
manufacture : 
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As a coke-producing state Tennessee holds the fourth rank, supplying 3.33 per cent. of the entire product. In 
ne other state, however, was the average output so great as in Tennessee, the average for each of the four works 
being 22,919 tons, Pennsylvania, which was the next, averaging 22,280 tons. 

The coal-fields of Tennessee, which are a continuation of the great bituminous deposits of western 
Pennsylvania and West Virginia, are computed to cover an area of 5,100 square miles. These fields extend 
through the state from northeast to southwest, are coextensive with the Cumberland table, about one-half the 
area being in middle Tennessee and the other in eastern Tennessee, and form an irregular quadrilateral, 71 miles 
wide at the northern border and 50 at the southern. In the southern portion of the field, on the eastern side, is a 
deep gorge, canoe-shaped, with sharp escarpments rising from 800 to 2,000 feet above the valley, through which the 
Sequatchie river flows. The Sequatchie valley or trough thus formed is 160 miles long, the Tennessee part being 
60 and the Alabama 100 miles in length. It was in this valley, and that of its feeder, the Little Sequatchie, that 
most of the coke produced in the census year was burned. 

The most important as well as the best known of the coke-producing localities of Tennessee are the Sewanee 
mines, in Grundy county, in the Little Sequatchie coal-field, sometimes called the Tracy City mines. This coal-seam 
is in the Upper Measures, is supposed to correspond to bed B of the Pennsylvania geological survey, and is to the 
state of Tennessee what the Pittsburgh seam is to the state of Pennsylvania. It will average 44 feet in thickness, 
its largest development being 10 feet 4 inches, its smallest 2 feet, and varies somewhat in its characteristics and 
constituents in different localities. The Sewanee coal, as mined at Tracy City, is semi-bituminous, conchoidal in 
fracture, reasonably low in ash, and almost wanting in sulphur. The cohesion of this coke is slight, having the 
same tendency to disintegrate on exposure to the atmosphere that the Connellsville coke has. For this reason, and 
from the fact that it is an excellent coking coal, it is more largely used for coke than it otherwise would be. The 
coke is made in part from the slack, which contains, of course, a larger amount of slate than the coal, and accounts 
for the large percentage of ash in the coke as compared with the ash in the coal. Analyses of the Sewanee coal 
and coke are as follows: 


ANALYSIS OF THE SEWANEE (TENNESSEE) COAL. 
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a Report for 1882 of Mr. Andrew Roy, mine inspector of Ohio. 
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ANALYSIS OF SEWANEE (TENNESSEE) COKE. 


, {[Analyst, W. 8. Land.] Per cent. 
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The coke made at Tracy City was all burned in bee-hive ovens, of which 404 were built at the close of the census 
year and 102 were being built. The ovens at these works vary in size and shape, the old ones of the regular bee-hive 
pattern being 10 feet in diameter and 44 feet high inside, while the latest built are 11 feet in diameter and 8 feet 
high. The larger ovens seem to work the best, making the most compact and the densest coke. From 100 to 120 
bushels of coal are charged into each of these ovens, and the coke is burned 48 hours. The yield is about 58 per 
cent. Atthe Rattlesnake mines of this company the ovens are oval or egg-shaped, 94 by 14 feet and 54 feet high 
inside; eighty bushels are charged. The labor at these mines and works is largely done by convicts, 306 convicts 
and 300 free hands being employed at the close of 1880. 

In Marion county, which joins Grundy county, there were two coke works in the census year, the Etna and 
the Southern States Coal and Iron Company. At the Etna works two veins, called the Kelly and the Oak Hill, are 
worked. From the Kelly mine a coke is made for foundery use exclusively, while from the Oak Hill coke for blast- 
furnace use is made. The Kelly seam is frequently regarded as the equivalent of the Sewanee at Tracy City, and 
J. B. Killebrew, the commissioner of mines of Tennessee, shares in this opinion. It is asserted, however, by the 
Etna Coal Company, who mine the Kelly coal, that in appearance and general characteristics these coals are as 
different as two coals of the same formation can well be, and samples of both seem to bear out this claim. In 
Professor Safford’s Geology of Tennessee (pages 369-382) the difference between the two measures can be readily 
distinguished. The impression as to the identity of these two coals probably arises from the fact that both lie in 
the upper plateau of their respective regions. The Etna Coal Company claim, however, that the “ Kelly”, the 
“Oak Hill”, and the “Slate” veins do not appear at any other point in this region. At Tracy City only eight 
veins are shown, while the Etna Coal Company claim eleven at their mines. <A section at the Kelly mines shows 
two conglomerates, while at the Sewanee mines there is only one. 

About one-fourth of the product of the mines is coked, all in bee-hive ovens. The coke from the Kelly seam is 
sent all over the South, where it has an especially enviable reputation for foundery purposes, commanding at the 
present time for this use $6 25 per ton on cars at the mines. This coal is not washed before coking. Below will 
be found analyses of the Kelly coal and of the Kelly and the Oak Hill cokes: 


ANALYSIS OF KELLY COAL. 
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ANALYSIS OF KELLY AND OAK HILL COKES. 
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* Analyst: William Manthey. 


The coke at these works is made in bee-hive ovens ranging from 9 feet in diameter and 5 feet high to 11 feet in 
diameter and 6 feet high. In the smaller ovens 80 bushels of coal are charged, and in the larger from 100 to 120 
bushels. The Oak Hill (blast-furnace) coke is burned from 48 to 60 hours, and the Kelly (foundery) coke 72 hours. 

The other works in Marion county is that of the Southern States Coal and Iron Company. The coal from 
these mines resembles the Sewanee in structure, but contains a large quantity of sulphur in balls and plates from 
the size of a pea to pieces 8 or 10 inches long and from 1 to 14 inches thick. For manufacture into coke it is 
therefore all crushed and washed. The ovens are of the usual bee-hive pattern, and are from 10 to 11 feet in 
diameter and 6 feet high to the crown of the arch. 

In Roane county, toward the eastern part of the coal-field, the Koane Iron Company makes coke for its blast- 
furnaces from a seam of coal nearly identical with the Sewanee vein. The average thickness of this seam is about 
5 feet. The coal is easily mined, and makes a dense and valuable coke. Nearly the entire product is converted 
into coke and used at the works of the company at Rockwood, where the mines and furnaces are located. On 
page 46 will be found and analysis of the coal and coke at Rockwood. 
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ANALYSIS OF ROCKWOOD COAL. 


(Chemist, W. S. Land.) 
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ANALYSIS OF ROCKWOOD COKE. 
(Chemist, W. S. Land. ]} 
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The coke at these works is made in the ordinary bee-hive oven, from 9 to 11 feet in diameter and from 44 to 6 
feet in height. Forty-eight hours are allowed for coking. The coke is taken in bogies hot directly to the furnaces, 
which are situated contiguous to the ovens. Since the close of the census year the works at this point have been 
largely increased. 

THE COKE INDUSTRY IN ALABAMA. 


Alabama possesses three distinct coal-fields or basins, in all of which coking coal is found in abundance. 
These are the Coosa, which is the most easterly, containing some 300 square miles; (a) the Cahaba, with some 230: 
square miles; and the Warrior, which is the southern end of the great Appalachian coal-field, and which is much 
the largest of the Alabama basins, covering nearly 4,700 square miles. Asin other states, these basins are divided 
into a number of sub-basins, but little is known of them, owing to the incompleteness of the geological survey, 
except of a most general character. It is estimated, however, that the Alabama coal-fields underlie more than 
5,000 square miles, divided as stated. 

The coke made from some of the seams of coal in these fields, especially in the Warrior and the Cahaba fields, the 
Coosa not being so well known, is an excellent fuel for blast-furnace and foundery purposes, and was largely used by 
the confederate government at their cannon foundery at Selma, one of the officers pronouncing it ‘‘to equal the very 
best English cokes”. Its value has become so manifest that large investments have been made, both during and 
since the census year, in iron and coal properties, and several blast-furnaces to use coke are either building or have 
recently been completed. 

Alabama ranked sixth as a coke-producing state during the census year, producing 42,035 tons, or 1.53 per 
cent. of the entire amount, from 67,376 tons of coal, a yield of 62.1 per cent. All of this was made in bee-hive 
ovens, of which there were 216 built May 31, 1880, and 206 were building. The capital invested in coke works was. 
$135,500; 64 persons were employed, to whom $38,500 of wages were paid. 

The coke made during the census year was made in the Warrior and the Cahaba fields. These coal-fields lie very - 
near each other. Below Birmingham, in the vicinity of which are situated the blast-furnaces which consume most 
of the coke made, they are never more than 7 or 8 miles apart. In the Warrior field coke was made at the Pratt mines. 
and at New Castle, and in the Cahaba field at Helena, by the same company that operates the ovens at the Pratt 
mines. Both at Pratt and at Helena the works are quite extensive, but at New Castle but little is made. 

The Pratt seam is economically the most important of the coals of Alabama, supplying not only a large 
proportion of the coal used for railroads, mills, and for all general purposes, but nearly all of the coal made 
into coke.(b) The Pratt Company coke a large amount in its own ovens, and sell a still larger amount to furnaces,. 
to be coked at the furnace ovens. The seam at the Pratt mines is 44 feet thick. The coke is made from unwashed 
screenings from a 3-inch screen, which accounts for the large amount of ash in the coke as compared with that in 
the coal, as shown in the analyses. 

At New Castle, in this same (Warrior) field, as is stated, but little coke was made, the ovens having been built to 
use up the slack from the mines at this point. The coke was too high in sulphur for use in smelting iron. A smalb 
vein, called the Black Creek, in the Warrior field, has also been used to some extent in coking, and it is stated the 
coke was superior as a blast-furnace fuel to any other made in the state. The vein, however, is so small, only 2 feet, 
that it cannot be worked economically. 

The first coke made for blast-furnace use in Alabama was from coal of the Cahaba field at Helena, and a portion 
of the coke used at the ‘last-furnaces in the state in the census year was supplied from this field, but it is 
so high in ash, due probably to careless mining, that the Pratt coke is now used in its stead. The only veins im 











a 1 am informed by Prof. Cook, state geologist, that recent investigations make this field some 300 square miles in extent, but 100 
square miles will probably include the productive portion of the field. 

b At the present time (December, 1882) most of the coke used in the blast-furnaces of Alabama is made from the coal of this seam as- 
mined by the Pratt Coal and Coke Company. This seam has also been opened at another point, at which some coke is now being made. 


this Cahaba field that have been used for coke are the Wadsworth and the Helena. Both make a fair coke, but 
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that from the Pratt seam is so much better that it has entirely displaced the Helena for furnace use. 


Attempts have been made to use the “Black Shale” seam, of which an analysis is given below, but it was 
found to have some iron pyrites which carried arsenic, and though its analysis showed it to be a “pure” coal, low 


in sulphur and ash, it would not make satisfactory metal in the furnace. 
Below is given analyses of the coals used in coking in this state, with cokes made from the same: 


ANALYSES OF COALS USED IN COKING IN THE WARRIOR FIELD. 









































* Analyst: Professor McCalley. 


t Analyst: N. T. Lupton. 











t Analyst: Otto Wuth. 














ANALYSES OF COKES MADE FROM COALS OF THE WARRIOR FIELD. 
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* Analyst: Fred. P. Dewey. 


The analyses No. 2 of Pratt coal and No. 1 of coke were furnished by the Pratt Coal and Coke Company.. 


FROM PRATT COAL. 
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§ Analyst: Eureka Iron Company. 








No. 2. t No. 3.1 No. 4. t No. 5.t No. 6. No. 7. 
Per cent Per cent. | Per cent. Percent. | Percent. | Percent. 
88.15 86. 090 83. 27 85. 81 88. 224 84. 653 
0. 60 0. 910 0. 98 0. 78 0. 990 1.329 
11. 25 13. 000 15. 06 12. 80 11.315 13. 317 
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t Analyst: Eureka Iren Company. 














t Analyst: Professor McCalley. 





The first ovens built in this state for furnace-coke were Belgian, on the Coppée system, but they were not successful, 
and were abandoned and bee-hive ovens were erected in their stead, and since that time no others have been used. 


ANALYSES OF COALS USED IN COKING IN THE CAHABA FIELD. 


Constituents. 
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* Analyst: R. P. Rothwell. 








HELENA SEAM. 
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+ Analyst: Lupton. 














{ Analyst: Eureka Iron Company. 


ANALYSES OF COKES MADE FROM THE COALS OF THE CAHABA FIELD. 


Constituents. 





Specific gravity 


Fixed carbon 
Volatile matter 
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Helena.* | Wadsworth.*; Not stated. ¢ 

Per cent. Per cent. Per cent. 
1. 659 PAGCOR Me ica cde mins 

84. 035 88. 903 | 93. 252 

0. 066 0. 413 0: 730 

0. 445 0. 342 0. 601 

15. 216 10. 144 5. 380 
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* Analyst: Professor McCalley. 


t Analyst: Professor McCreath. 
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THE COKE INDUSTRY IN GEORGIA. 


But one coke works was reported in existence in Georgia in the census year, at which 70,000 tons of coke were 
made from 117,000 tons of coal, a yield of 59.8 per cent. No information has been received as to the extent of the 
coal-fields or the character of the coal or the coke made from the same. All of the labor at these ovens, of which 
there were 140, was performed by convicts, the superintendent, mining overseer, and the guards being the only 
labor not convict. Most of the coke is used at the Rising Fawn furnace, in the same county, and gives fairly good 
satisfaction. It has considerable ash, but it is thought to be more economical to flux this out in the furnace than to 
wash it out before coking. (q) 

THE COKE INDUSTRY IN INDIANA. 


Though the Geological Survey of Indiana reports that “the seams of coking coal in Indiana are locally not less 
than fifteen in number”, (b) some of which are 7 or 8 feet thick. the manufacture of coke can hardly be said to have 
existed as an industry in this state in the census year, but 1,000 tons being made. The coking coals of this state, 
according to the various reports of the geological survey, are found in fourteen counties, and some of the seams are 
said to be ‘“rich-looking and pure”. The percentage yield of coke in the laboratory ranges from 52 to 64.50 per 
cent., and the ash from 0.50 to 7. (¢) 

Notwithstanding this asserted abundance of coking coals and their purity, the manufacture of coke up to and 
during the census year had not been, in a commercial sense, a success, though repeated attempts to make it so are 
recorded. Possibly one reason has been that Indiana has not been a large iron-producing state, and for the little 
iron ore that has been smelted the block coal furnished an excellent fuel. It is also possible that the physical 
constitution of the coke made from Indiana coals is not such to justify its use as a blast-furnace fuel. Professor 
Cox, in the Report of the Indiana Geological Survey, published in 1879, page 12, states: 

The coking coals of Indiana swell and fuse to a pasty mass when burning, but the coke which is made from them is not strong, 
and is filled with large cells, that give it a sort of honey-comb appearance. : 

Probably the most thorough and careful attempt yet made to coke Indiana coal was that of the North Chicago 
Rolling Mill Company, made since the census year. The coal used was screenings of Coal Creek coal from Fountain 
county. These screenings contained from 15 to 20 per cent. of ash, which was reduced by washing, so that the 
coke contained only from 10 to 12 percent. The sulphur, however, was from # to 14 per cent. Belgian ovens with 
Endres’ modifications were used. The coke, beside being high in sulphur, was spongy and soft, and would not 
carry a burden in the furnace; but when mixed in the proportion of from 10 to 15 per cent. with Connellsville coke 
fairly good results were obtained. Mr. O. W. Potter, president of the company making the experiments, writes: 

We are not sure but further experiments in using lump and nut coal and crushing to remove the slate may give us better results 
than we have had up to this time. 

Some attention has been given to charring or coking the block coal of this state. (d) The block coal found at 
Brazil differs but little in chemical composition from the coking coals of western Pennsylvania. The physical 
difference is, however, quite marked, the latter having a cuboid structure made up of bituminous particles lying against 
each other, so that, under the action of heat, fusion throughout the mass readily takes place, while block coal is 
formed of alternate layers of rich bituminous matter and a charcoal-like substance, which is not only very slow of 
combustion, but so retards the transmission of heat that agglutination is prevented and the coal burns away, layer 
by layer, retaining its form until consumed. The experiments in charring the coke above referred to arose out of 
a failure to coke the slack. The lumps as they came from the mine were charged into a hot bee-hive oven, and after 
a proper interval were drawn, not materially changed in size or shape, but greatly changed in character, being 
hard, compact, and silvery, like coke. This product was charged into the furnace instead of Connellsville coke 
(550 pounds of charred coal in the place of 885 pounds of Connellsville coke) with the most satisfactory results, the 
quantity of iron produced remaining about the same, but of a somewhat higher grade. 

Professor Cox has also made some extended experiments on coking Indiana coals under pressure, and is of the 
opinion that the dry-burning or block coals of Indiana can be made under pressure into a remarkably strong and 
dense coke. 

THE COKE INDUSTRY IN ILLINOIS. 


Of the four coke works reported in existence in Illinois in the census year, but one was in operation during any 
part of the time, and this made 7,600 tons of coke, the entire production of the state, from washed slack. One of 
the works resumed operations June 1, 1880, one of the others is still idle, and the ovens and machinery at the 
fourth have been wrecked and a portion of the materials and machinery removed to another point in the state. (e) 

Much of the coal of Ilinois is coking coal, but its chemical and physical nature is such that as yet no coke has 








The company, in December, 1882, were constructing 140 additional ovens. 
Seventh Annual Report of the Geological Survey of Indiana, Professor E. T. Cox (Indianapolis, Indiana, 1876), page 11. 

e Second Annual Report Geological Survey, (Indianapolis, 1871), page 180. 

d In vol, iv, page 99, Transactions of the American Institute of Mining Engineers, will be found a paper on ‘‘ Coking Indiana Block 
Coal”, contributed by Mr. John Alexander. 

e Since the census year, however, two of the existing works have beeu enlarged and others built, and the product of coke at present 
(1882) in this state is much greater than during the time covered by this report. 
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been made from it equal to the Connellsville as a furnace fuel. The deposits, however, are so large and so near 
the rich and abundant iron-ore fields of Missouri and lake Superior that the efforts to utilize Illinois coal for 
the manufacture of coke for metallurgical purposes have been unceasing during the past ten years. Much of 
this experimenting has been to ascertain what form of oven was best adapted to coking. The bee-hive has not 
answered the purpose, and not one was in use in the state in the census year. The coals that are low in sulphur 
and ash are, as a rule, too dry-burning, and the bee-hive is too cold an oven for them. Modifications of the 
bee-hive, similar in plan to the Welsh ovens, have to a considerable extent been used with fairly good results in 
southwestern Illinois, though equally good results are obtained with the Big Muddy coal in bee-hive ovens that 
have been erected as a trial plant. The tendency, however, is to the use of some form of the Belgian oven, and 
from the results of experiments with the different forms it is manifest that this oven is not in all cases a corrective 
of all the evils that gather about coke-making in-Ilinois. 

Many of the Illinois coals which are not dry-burning are high in sulphur and ash, that of the northern part of 
the state being especially sulphurous, and for this evil even the Belgian oven is not a cure. It requires careful 
and thorough washing, and even then, in many cases, the result is not satisfactory. In one case the washing was 
so thorough that 60 per cent. of the coal was washed away, and still there was an excess of ash and sulphur in 
the coke. Some of the coals also show no tendency to coke until crushed and washed, and a washing plant is 
generally a necessary part of a coking plant in this state. 

The coal of the Big Muddy region, in the southwestern part of the state, is a marked exception in purity to 
most Illinois coal, the coke from it being reasonably low in sulphur and ash. Previous to 1876, at which time the 
furnaces were torn down, the Grand Tower Mining, Manufacturing and Transportation Company made Bessemer 
pig from Iron mountain and Missouri hematite ores, using four-fifths raw Big Muddy coal and one-fifth coke made 
from washed screenings of the same in small Welsh ovens. The furnace was 16 by 72 feet. The iron exhibited at 
the Centennial was awarded the medal for purity and structure. This field, or pocket, occupies an area of about 
4,000 acres, of which 250 have been worked out. The coal is not as weil adapted to coking as that of the fields 
that bound it on the north and east, but these latter coals are too high in sulphur to produce a coke for smelting 
iron, with the exception of a pocket of limited extent at Cartersville. The Big Muddy seam lies almost horizontal, 
with a slight dip to the north, and varies from 5 to 7 feet in thickness, with a thin slate between the bottom and top 
coal. The coal is a hard, semi-bituminous, free-burning fuel, showing no inclination to run together, even under 
extreme heat, unless ground fine and wet. The following analyses of the coal and coke, with the exception of No. 
3 coke, are furnished by Mr. Thomas M. Williamson, the superintendent of the Saint Louis Ore and Steel Company’s 
works at Grand Tower and vicinity, where they coke this coal: 


ANALYSIS OF MOUNT CARBON BIG MUDDY COAL. 
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ANALYSIS OF MOUNT CARBON BIG MUDDY COKE. 
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Another analysis shows 1.17 per cent. hydroscopic moisture and 46.33 silica in ash. 

As has been stated, this coal is much too dry-burning to allow of the successful use of the ordinary bee-hive 
oven. The Saint Louis Ore and Steel Company coke it in ovens known as the “English drag”. This oven is 36 
feet long, 7 feet wide, and 34 feet high, with a capacity of 300 bushels of coal. It is a solid wall oven, discharged 
by a drag Jaid on the oven floor prior to the beginning of the operation, the drag being operated by a windlass. The 
coal is crushed as fine as beans, the screenings also being crushed, and both are washed. The charge of each oven is 
11 tons; the time of burning, 96 hours. The yield is only about 55 per cent., as much of the carbon is necessarily 
wasted in furnishing the heat necessary to coke the coal. These ovens have not worked entirely satisfactorily, 
though they have been in use for some years, and the company expect to erect Belgian ovens. 

The Carbondale Coal and Coke Company, at Cartersville, produced the only coke made in this state in the 
census year from one of the comparatively pure coals of southwestern Illinois, found near the Big Muddy deposit, 

CO, VOL. Ix———4 


50 MANUFACTURE OF COKE. 

before described. This coal is slightly more bituminuous than the Big Muddy, and contains more sulphur and 

ash, and the seam is 9 feet thick. I have no analysis of the coal, but an analysis of the coke is as follows: 
ANALYSIS OF CARBONDALE COKE. 


{Analyst, Chauvenet. ] 
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The coal is washed before being coked, and the ovens used are called “tunnel ovens”, and are of the same general 
plan as those used at Mount Carbon, except that they are smaller, being only 15 feet long, 7 feet wide, and 32 inches 
deep below the arch, and 34 feet from the bottom of oven to top of arch. The charge is 6 tons, and the time of 
burning 72 hours, and the yield of coke was 50.7 per cent. 

At East Saint Louis the Meir Iron Company have made careful and expensive experiments in using the slack 
and nut of the Belleville coal, which is high in sulphur and ash, for the manufacture of coke. The analysis of this 
nut and slack is as follows: 


No. 1. No. 2. 
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These represent the slacks; the coals are much better. No. 1 was slack of ordinary quality; No. 2 slack 
from Duquoin. The slacks used when these works were in operation contained from 16.55 to 23.35 per cent. of 
ash, but by careful washing and preparation the ash in the coal was reduced to 6 per cent., and in the coke to 10: 
or 11 per cent. In the ovens used, which were Belgian of the old Frangois pattern, modified by the Messrs. Meir, 
washed slack yielded 65 per cent. of coke. Mr. Adolphus Meir, who has been so persistent in his efforts to utilize 
this coal for coking, writes me: ‘“‘Good coke has been, and will be, made from Illinois coals. A strong prejudice: 
exists against such coke, but we have proof of melting from 7 to 8} pounds of iron per pound of our coke in cupola 
furnaces in Saint Louis.” 

In northern Illinois all attempts to utilize the coal for coke have so far ended in failure, for while it contains. 
more bituminous matter than that of the Big Muddy region, and is a truer coking coal, it is, however, very 
sulphurous and high in ash. Washing has reduced the percentage both of ash and sulphur somewhat, but not 
sufficiently low, in view of other characteristics, to make it desirable as a metallurgical fuel. In the experiments. 
at the Joliet steel works, the ovens used being Belgian or a modification of the Belgian, the resulting coke, while: 
not exceedingly high in ash or sulphur, was too porous for the blast-furnace. 

Mr. H. 8. Smith, the general superintendent of the Joliet Steel Company, at my request, and in view of the: 
fact that the record of a failure is often as valuable as of a success, has furnished a statement of the experiments. 
at these works, from which the following facts are derived. 

The first experiments made were in 1872. The ovens used, of which there were twenty, were known as: 
Belgian, and were 22 feet long and 20 inches wide on the inside, and 8 feet high to the top of the arch. The flues. 
in the sides were horizontal, and from a pencil sketch accompanying Mr. Smith’s letter I should judge they were: 
either Smet or Dulait ovens; at least they were the earlier forms of the Belgian, and not the latter, like the Coppée: 
or Appolt. These ovens were charged through openings on the top, and the gases escaped through short chimneys. 
The ovens were discharged by a ram, and the coke was watered outside. The coal used was chiefly slack from the: 
northern Illinois mines, which was crushed and washed to reduce the percentage of ash and sulphur, which was 
quite large. ‘Che experiments were quite extensive, several thousand tons of coke being made, and the results were: 
the same in all cases. The sulphur was reduced so much that, considering its content of sulphur alone, the coke 
could have been used for. smelting iron, but it was still too high in ash and was too porous and weak to carry a 
proper burden in the furnace. 

In 1879 still further experiments were made, Mr. J. J. Endres’ modification of the Belgian oven being adopted,, 
the width of the old ovens reduced to 16 inches, and flues put in the walls and bottom approaching the later Belgian 
ovens in plan. This experiment was a most thorough one, and was participated in by the steel company, the mines,. 
and railroads. It was continued several months, the coal being carefully and thoroughly washed, and was then coked 
under Mr. Endres’ supervision, but the result was no better than before. The washing removed considerable of 
the ash and a large percentage of the sulphur. In some cases the sulphur and ash were low enough to make a 
good coke, that from the Diamond mine having but 7.05 per cent. of ash and 1 per cent. of sulphur, but the coke 
was weak and porous, and was not adapted to carrying the burden in a furnace. Mr. Smith has kindly furnished 
a table (see page 51) showing the percentage of ash and sulphur in the coal, washed coal, and coke from a number 
of mines. 
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CHEMICAL RESULTS OF EXPERIMENTS ON COKING ILLINOIS COAL MADE BY MR. ENDRES IN 1879. 
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These experiments have been entirely abandoned, the ovens wrecked, and a portion of the machinery was used 
in building another bank of ovens in another section of the state; and the Joliet Steel Company have erected ovens 
in the Connellsville region. The result of these experiments, however, was to indicate that certain of the coals 
tried might, with proper manipulation, make a fair coke, and ovens are being erected to test these coals still further. 

The Illinois Central Iron and Coal Mining Company have erected at Saint John’s since the census year a 
number of Thomas Pettral ovens for using the Paradise coal, which they mine. The following table, for which I 
am indebted to Mr. M. C. Wright, of the Saint John’s coke works, gives the physical and chemical properties of 
certain Illinois coal: 

TABLE EXHIBITING PHYSICAL AND CHEMICAL PROPERTIES OF CERTAIN ILLINOIS COAL. 
(Chemist, T. T. Morrell.] 
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THE COKE INDUSTRY IN COLORADO. 


The manufacture of coke in Colorado, which has been but recently undertaken on a commercial scale, has been 
of the utmost importance to the industries and the development of that state, and has made possible the utilization 
of its valuable iron resources. The production of pig-iron from native ores has been successfully established, one 
furnace being in blast and another building, and with this has come the manufacture of nails and Bessemer steel rails. 
In addition to this, much of the coke used for smelting the ores of the precious metals in this region is now produced 
in the state, and the long and expensive transportation from the Connellsville region of Pennsylvania is avoided. 

The only point at which coke is reported as made during the census year is some 6 miles south of El Moro, in 
Las Animas county, near the boundary-line of New Mexico, in what is known as the Trinidad or El Moro coal-field. 
The coke was made from the coal of one of a number of small and isolated basins into which this field is divided. 
The El Moro field lies along the eastern foot of the Rocky mountains, beginning at the Huerfano river, south of 
Pueblo, in Colorado, and extending southward into New Mexico as far as the Cimarron river, the basin being about 80 
miles long and perhaps 10 miles broad. The beds are Upper Cretaceous or Lower Tertiary. The field is worked near 
its northern extremity by the Colorado Coal and Iron Company at Walsenburg, on the main line of the Denver and 
Rio Grande railroad. At this point there are three beds, respectively 4,7,and 6 feet thick, producing a very good 
quality of steam coal, which, however, does not coke. These beds are distinctly traceable to the southern boundary 
of Colorado. From a thickness of 4 feet at Walsenburg, they increase to 11 feet in the neighborhood of Trinidad, the 
quality changing from a non-coking coal to an excellent coking coal. South of El Moro, in Las Animas county, at 
the Colorado Coal and Iron Company’s works, where the coke made in the census year was produced, a horizontal 
vein 10 to 12 feet thick is worked, and at Starkville, in the same county, the Trinidad Coal and Coking: Company 
is mining coal, both companies making coke. (a) Some 25 miles farther south, in New Mexico, near Raton, the 
field is worked by the Raton Coal and Coking Company, the veins being from 5 to 7 feet thick. The coal at this 
point is an excellent steam coal, and will coke, but there is made from it. 











a There are now (1882) 250 coke ovens near El Moro, and between 40 and 50 at Starkville. 
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The seam from which coke was made during the census year is, according to Professor W. H. Chandler, who 
made an examination in 1877, 14 feet 2 inches thick, with 12 feet 9 inches of coal, the coal being separated by three 
small layers of slate from 2 inches to 1 foot thick. Analyses of these four strata of coal are given as follows: 











Constituents. No. 1. No. 2. No. 3. | No. 4. 
Per cent. Per cent. Per cent. Per cent. 
Waters. .cks.csnonde-cboete ates eee see 1. 32 1. 36 1.34 1. 66 
Volatile matter - vob, osoees cone tiee * 38.23 36. 77 35. 79 34, 48 
Hixedcarbon 3.2 =o... es. sauateeeeeene 55. 86 56. 37 54.75 60. 08 
ABN es bt crncesssceccdecaueeetee conan 3. 59 5. 50 8.12 3.78 








In Hayden’s Report of the Geological Survey of Colorado for 1875 an analysis of this coal is given, which is as follows: 


Per cent. 
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These analyses show the coal to be quite pure, but on coking it from 16 to 23 per cent. of ash was found, the 
large percentage of ash being due to the presence of a large amount of bony coal, which did not show in the coal 
analysis. A car-load of the same coal was sent to Pennsylvania to be crushed, washed, and coked, and the coke 
produced, after being thus treated, analyzed as follows: 


Per cent. 
Water and volatilemmatter: 2.52.6 5.5 2.5.20 cote ce cee ere are ete a rine ie rR ep 1.85 
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This indicated the necessity of a crushing and washing apparatus, and machinery designed by Mr. 8. Stutz, of 
Pittsburgh, was erected. The result is a coke answering all the purposes of a metallurgical fuel, being cellular, of 
a Silvery appearance, and having a physical structure to fit it for furnace use. Its content of ash is from 2 to 3 
per cent. more than that in Connellsville coke. The coke is made in bee-hive ovens, only 70 of which were completed 
at the beginning of the census year, but at its close there were 128, with 72 more in process of construction. The El 
Moro mines are worked through drifts, and the coal is of a remarkably uniform character. The price paid for 
digging in 1881 was 50 cents per ton of 2,240 pounds, and the actual cost of the coal loaded on the cars at the 
mines 73 cents. The product of coke in the census year was but 18,000 tons; in 1881 it was 47,186 tons. 

Though no coke was made at any other locality in the census year, there are other deposits of excellent coking 
coal that have since been utilized for this purpose, and still others at which preparations are in progress for its 
manufacture. At Crested Buttes, north of Gunnison, on the Denver and Rio Grande railroad, some coke of a 
most excellent quality, very low in ash, was made in 1881 in open pits from two seams of coal 5 and 6 feet 
respectively. Analyses of this coal and coke are as follows: 


ANALYSES OF CRESTED BUTTES (COLORADO) BITUMINOUS COAL. 


Per cent. Per cent. 
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ANALYSES OF CRESTED BUTTES (COLORADO) COKE. 
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At the close of 1881, 484 tons of coke only had been made, but yards were being prepared for making 200 tons 
per day. All the slack and fine coal which passes through the shute-screens is used in the coke-yards, and the 
coke made is of good quality and runs low in ash. This coke commands $7 per ton on cars at the works. 


THE COKE INDUSTRY IN UTAH. ) 

There have been for some time past in the Sanpete district, in Utah, a number of coke ovens, but no coke 
has been made in them recently. Most of the coke used in Utah comes either from Connellsville, Pennsylvania, 
or from England, the English coke being delivered at San Francisco, or some point on the Pacific coast, and sent 
by rail to Utah. A line of railroad is now building from Salt Lake City to connect with the Denver and Rio Grande 
railroad, which will enable El Moro and Gunnison coke to be delivered at the Utah smelting works. 


THE COKE INDUSTRY IN NEW MEXICO. 
In central New Mexico, 9 miles east from San Antonio station, on the Atchison, Topeka and Santa Fé railroad, 
is the San Pedro coal-mine, where there is a bed of coking coal 6 feet thick. (a) 





a Ovens are now (1882) being erected at San Antonio station, on the Rio Grande river, for coking this coal. 
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Part Il.—COKING IN EUROPE. 





HISTORY OF COKE IN ENGLAND. 


But little is known concerning the history and the uses of coke in England until the beginning of the seventeenth 
century; but as it would be impossible to burn pit or mineral coal for domestic or any other purposes by the methods 
in use in early days in Great Britain without producing coke as cinders, in the same way that cinders were 
produced in burning wood, it is very probable that coke in the form of coal cinders was known at a very early day. 
Itis proved beyond doubt that coal was used by the Romans during their occupation, and cinders of the Roman period 
are frequently met with. This view of the early use of coke is strengthened by the extract from M. Jars’ work on 
metallurgy, quoted in the chapter on bee-hive ovens. 

While it is probable that coke was not unknown at an early period in Britain, it by no means follows that it 
was made for use in the arts, either domestic or manufacturing, as the immense forests at that time would make it 
unnecessary to seek for a substitute for wood. The method of charring wood was well known in these early times, 
and the charred wood was a better fuel than the charred coal, so that there would be no inducement to use coke 
until charcoal should become scarce and high-priced. It is alsowell known that for many years a prejudice existed 
against burning “stones”, as the coal was called, and in ignorant minds it was coupled with a species of witchcraft. 

As the wood failed, however, the outcrop of the seams of coal would naturally be used, especially in the 
manufacture of iron, in which such large amounts of fuel were consumed, and it would be but natural to subject the 
coal, which was well known as a fuel, to the same treatment as wood, and coking in pits or mounds would be the 
result. 

One of the earliest references to the coking of coal is in a patent granted to Thomas Proctor and William Peterson, 
in 1589, for making iron and steel and melting lead ‘with earth-coal, sea-coal, turf, and peat”. The scheme proved 
a failure, two tons only having been made, so report says, at an iron works in Yorkshire, at a cost of 200 marks 
(£66 13s. 4d.) per ton. The chronicler quaintly remarks, “Itis deere iron.” In this patent is a distinct allusion toa 
preparatory treatment of the coal by “cooking”. A short time after this, in 1590, a patent was granted to the Dean 
of York “to purify pit-coal and free it from offensive smell”. In 1620 a patent was granted to a company composed 
of Sir William St. John and other knights, esquires, and gentlemen, with a Hugh Grundy, who was the “ practical” 
man, for ‘‘charking” sea-coal, pit-coal, stone-coal, turf, peat, etc., and employing the same for smelting ores and 
manufacturing metals and other purposes. The project originated with Grundy, and referred specially to the 
making of coke by a process invented by him some time before. 

About this time considerable attention began to be paid to the charring or coking of coal, not only in 
connection with the smelting experiments which were going on, but with a view to its employment for other 
purposes as well. In 1627 a patent was granted to Sir John Hacket and one Octavius de Strada (who two years 
before had been making attempts to smelt with coal in Hainaut) for a method of rendering sea-coal and pit-coal 
as useful as charcoal for burning in houses, without offense by the smell or smoke. A few years afterwgrd 
(1633) another patent was granted to a company consisting of Sir Abraham Williams and others for a new way of 
“charking” sea-coal and other earth-coal, and for “ preparing, dressing, and qualifying them so as to make them 
fit for the melting and making of iron and other metals and many other good uses”. 

During the next three or four years some eight or nine patents were granted for the employment of smokeless 
preparations of coal; and though the application of coke to the smelting of minerals was not successfully accomplished 
till long afterward, it came into use at this time for several other purposes, particularly for making malt. Houghton 
tells us that up to about 1640 the malt was made with straw fuel in Derbyshire, but that it then came to be made 
with coke, which occasioned an improvement in the quality of the brewings, “‘and brought about that alteration 
which all England admired.” 

A little later an attempt to substitute coke for coal in house fires was made by Sir John Winter. The project 
is referred to by Evelyn in his diary under date of 11th of July, 1656, in the following terms: 

‘Came home by Greenwich’ Ferry, where I saw Sir John Winter’s new project of charring sea-coale to burne out the sulphure and 
render it sweete. He did it by burning the coals in such earthen pots as the glasse men mealt their mettal, so firing them without 
consuming them, using a barr of yron in each crucible or pot, which bar has a hook at one end, that so the coales, being mealted in a 
furnace with other crude sea-coals under them, may be drawn out of the pots sticking to the yron, whence they are beaten off in greate 
halfe-exhansted cinders, which being rekindled make a cleare pleasant chamber fire, deprived of their sulphur and arsenic malignity. 
What success it may have, time will discover. 

Sir John sent some of his “cooked coal”, together with a new-fashioned grate, to several great men for a trial, 
but his project did not succeed. 

In 1662 Dr. Fuller wrote: 

It is to be hoped that a way may be found out to charke sea-coal in such manner as to render it useful for the making of iron. All 


things are not found out in one age, as reserved for future discovery ; and that perchance may be easy for the next which seems impossible 
to this generation. (a) 


—— 











a For many of these details I am indebted to the History of Coal Mining. R.C. Galloway. London, 1882, 


BA MANUFACTURE OF COKE. 


Dr. Plot, in his Natural History of Staffordshire, published in 1686, states: 

They have a way of charring the coal, in all particulars the same as they do wood, whence the coal is freed from those noxious 
steams that would otherwise give the malt an ill odor. The coal thus prepared they call ‘‘ cokes”, which conceives as strong a heat, 
almost, as charcoal itself, and is as fit for most other uses, but for melting, fining, or refining of iron, which it cannot be brought to do, 
though attempted by the most skillful and curious of artists. 

Swedenborg, who was an able metallurgist, in his book on the Subterranean Kingdom, published in 1734, states 
that in certain districts in England coke was employed in smelting iron, and that cinders and coke were synonymous 
terms. ‘This would indicate that the date (1735) usually given as that of the successful introduction of the smelting 
of iron with coke is erroneous. 

Jars’ statement, made in 1769, that coke was made in England, not only in heaps, but also in closed ovens, 
is elsewhere mentioned. His statement would lead to the belief that the method of coking in heaps was in use on 
the continent of Europe; a belief that is confirmed by the fact that the iron manufacturers of Liége, a short time 
after this publication, adopted with success the method of coking in closed ovens. 

About the same time, according to Horne, (a) coking in ovens was carried on in the villages around London, 
the coke being prepared for the use of maltsters and for some other purposes. He gives the following description 
of the process: | 

These ovens being from time to time charged with a proper quantity of coals, they set them on fire. Near the front or opening of 
these ovens the chimneys are placed, at which outlets, when the eoals become sufficiently ignited, the flames which play round the interior ~ 
parts of the oven make their exit, carrying along with them a very considerable part of crude sulphur. The workmen employed at these 
ovens, when they imagine the coals are sufficiently burnt, draw them out with an iron raker upon the ground before the oven, where they 
endeavor to stifle the yet remaining part of the sulphur by quenching them with a deluge of water. Thus they go on charging, discharging, 
and suffocating till they have completed their intended quantity. 

An experimental coke oven, on a plan proposed by Horne, was erected in Staffordshire, and, it is stated, with 
a successful result. The details of the plan are not given. It appears, however, that the oven consisted of a 
closed arched chamber, and that on trial it was found to be desirable to leave some outlet ‘‘in the top of the 
crown” for the escape of vapor, in order to prevent the blowing up of the oven. In 1781, according to Bishop 
Watson, the application of coke to the smelting of iron had become general in England, and coke ovens were in 
operation at Newcastle-on-Tyne, and even at Cambridge, where the coke was used for drying malt. (b) 

It was this extension of the use of coke in the smelting of iron that gave its manufacture prominence. Up to 
early in the seventeenth century charcoal was the only fuel used in iron-smelting; but during the reign of James I 
several patents were granted for the exclusive right to manufacture iron with pit-coal, none of which were 
successful until 1619, when Dud Dudley succeeded and obtained a patent for fourteen years. 

At this time many of the iron works were idle from want of wood. Remarking on the rapid exhaustion of the 
forests of England, Mr. David Mushet (c) estimates that the amount of charcoal necessary for the manufacture of 
iron alone in the year 1615 would be 28,063,000 cubic feet. Supposing an acre of ground to afford 2,000 cubic feet of 
timber, he estimates that 14,031 acres of land were annually stripped to supply the iron manufactories. Though pit- 
coal had been mined at Newcastle prior to 1272, and vast quantities of it had been annually exported to Holland and 
the low countries for the use of the smithies and other manufactories requiring an intense and continued heat, yet in 
England prejudice was very strong against its application to the manufacture of cast or malleable iron, and smithies 
and nail forges and manufactories of every sort were still carried on by means of charcoal. As a result of this the 
price of iron advanced, and those manufacturers whose supply of wood was undiminished were, of course, hostile 
to any improvements by which other fuels could be used. 

Dudley continued his experiments with pit-coal with varying success and under many discouragements for a 
number of years. Other patents were also taken out for the manufacture of iron with coal, in one of which, that of 
Captain Buck, it is believed Cromwell was a partner. In 1663 Dudley applied for his last patent, setting forth in his 
application that at one time he was able to produce 7 tons of pig-iron weekly. His uncommon success produced 
combinations against him, which terminated in hostile attacks upon his works. This rivalry in the business, and 
his attachment to the royal cause during the civil war, brought successive misfortunes upon him, and interfered 
with the use of his improvements, and the refusal of a new patent after the restoration prevented him from again 
entering into the business. : 

Mr. I. Lowthian Bell, the well-known authority on blast-furnace phenomena, believes that if Dudley had met 
with encouragement instead of persecution he would ultimately have been led to treat mineral fuel as they had 
previously done the vegetable, viz, char it. (d) 

Though Dudley’s last application for a patent was in 1663, his experiments really ceased in 1657, and from 
that time for nearly eighty years the art of making iron with pit-coal was lost. Abraham Darby’s invention of the - 
use of coke in blast-furnaces completed the work of his tinfortunate predecessor, though in the meantime efforts 








a Essays concerning Iron and Steel, by Henry Horne. London, 1773. 

b See Percy’s Metallurgy, London, 1875, page 416. 

c Papers on Iron and Steel, Practical and Experimental, by David Mushet. London, 1840. 
d See Chemical Phenomena of Iron Smelting. London, 1872. 
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to use coal had not entirely ceased, and in some cases even coke was used in the blast-furnace. Leigh tells us in 
his Natural History of Lancashire that shortly before 1700 iron was being made “by means of cakes of pit-coal” 
(i. €., coke). 

It is generally conceded that the credit of the first successful and continued use of coke in the blast-furnace 
is due to Abraham Darby. The date of Darby’s invention seems in doubt, (a) some authorities placing it as early 
as 1713, others about 1735, and still others at 1750. The statement of Swedenborg, before referred to, would indicate 
that it must have been at least as early as 1735, and this is the date usually assigned. 

Percy thus describes his experiments: (b) 

Young Abraham Darby entered upon the management of the Coalbrookdale Iron Works about 1730. As the supply of charcoal 
was fast failing, Abraham Darby attempted to smelt with a mixture of raw coal and charcoal, but did not succeed. Between 1730 and 
1735 he determined to treat pit-coal as his charcoal-burners treated wood. He built a fire-proof hearth in the open air, piled upon it a 
circular mound of coal, and covered it with clay and cinders, leaving access to just sufficient air to maintain slow combustion. Having 
thus made a good stock of coke, he proceeded to experiment upon it as a substitute for charcoal. He himself watched the filling of his 
furnace during six days and nights, having no regular sleep, and taking his meals at the furnace-top. On the sixth evening, after many 
disappointments, the experiment succeeded, and the iron ran out well. He then fell asleep in the bridge-house at the top of his old- 
fashioned furnace, sv soundly that his men could not wake him, and was carried to his house, a quarter of a mile distant. 

While the change in fuel from charcoal to coke was being brought about the manufacture of iron in England 
declined so rapidly that in 1740 the number of furnaces was only 59, a reduction of 25 per cent., and the make of 
pig-iron only 17,350 tons. The production rapidly advanced, however, under the stimulus of Darby’s discovery, until 
1788, when of 61,300 tons of pig made 48,200 were smelted with coke and but 13,100 with charcoal. It is also but 
just to state that Watt’s improvements in the steam-engine, and the great changes that took place about this time 
in the form and construction of furnaces, contributed to this advance. At the present time little or no charcoal 
iron is made in Great Britain. 

We have entered thus fully into the history of the progress of the manufacture of pig-iron with coke, as this . 
industry and that of coke-making are so closely identified that it is almost impossible to state the history of one 
without making it also a history of the other. Outside of the use of coke in the iron industries its consumption 
is but comparatively small. In all attempted improvements in ovens and methods of manufacture of coke the 
ruling question as to their adoption is, ** What kind of a blast-furnace fuel is the resulting coke?” and as the coke 
is improved or injured for this purpose by the new methods the improvements have been adopted or rejected. 

As has been already stated, the earlier method of making coke in heaps or mounds soon gave place, as the 
demand for coke for iron-smelting increased, to the bee-hive oven, and this in turn, in some countries, though to 
no great extent in England, to the improved form of ovens commonly known as the “ Belgian”. These changes 
and improvements will be treated of under their appropriate heads. 

In addition to these changes methods have been adopted for utilizing the waste heat of the ovens for raising 
steam, and, as is stated in the chapter on the utilization of waste products, for utilizing the ammonia and tar from 
the waste products of combustion. In at least one case, also, these waste gases, having first been enriched, are 
used for lighting purposes. . 

Outside of the improvements already noted but very few changes have been made in the methods of operating 
the ovens, and these mostly in the line of greater economy in charging the coal, discharging the coke and 
watering it, and loading it upon cars. ‘“ Hoppers,” “trolleys,” and “larries” have been substituted for charging the 
ovens, instead of the old plan of throwing the coal through the door by means of shovels; drags and mechanical rams 
for discharging the ovens have taken the place of hand-labor and a heok, and the coke is quenched with a hose 
and nozzle instead of the primitive bucket. In the management of the oven, also, practically three levels are 
used, the first or highest containing the track on which the charging larries are run, the second on a line a little 
below the bottom of the oven, called the “ coke-wharf” in this country, upon which the product of the ovens is . 
discharged, while the third level, a little lower still, is occupied by the railroad, the top of the cars being on a line 
with the wharf, thereby giving greater facility for loading. It is impossible to follow chronologically the course 
and the development of these improvements; the best that can be done is to indicate their results. 


COKING IN GREAT BRITAIN AND IRELAND. 


No complete statement of the present condition and extent of the manufacture of coke in the United Kingdom 
has been obtained; indeed, it is doubtful if such a statement exists in any form accessible to the public. Coke is 
generally regarded as a form of coal, and its statistics are included with those of coal, the coke sometimes being 
reduced to its supposed equivalent in coal. and sometimes not. Even the Mineral Statistics of the United Kingdom 
furnish no complete statistics, nor do they give data from which even the make of coke can be estimated. 
Cval and coke are usually reported together, but the exports of coke are given separately. It is possible to 








a See Jevon’s Coal Question; also Scrivenor’s History of the Coal Trade, which puts it at 1713. Mr. M. M. Johnson, of the Kingswood 
colliery, England, in a lecture delivered before the Bristol Mining School, published in the Colliery Guardian of February 2, 1877, page 
161, also gives the date as 1713. 

b Percy’s Me‘allurgy, ‘Tron and Steel,” page 838. 
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estimate the consumption of coke in the blast-furnaces of certain districts, and some of the railroads distinguish 
between the coal and coke carried over their lines, but in the tables of total production coke disappears. Statements 
as to the amount of coke consumed in certain industries are sometimes published, but all such statements, as well 
as those professing to give the output for certain districts, are only estimates more or less accurate, while statements 
showing even the estimated total production of the United Kingdom for recent years are almost, if not quite, 
wanting. , 

Notwithstanding this dearth of positive information regarding English coke, sufficient is known to warrant 
the classification of its manufacture among the important industries of Great Britain; important, not only by 
reason of the aggregate tonnage produced, which must be considerably in excess of 6,000,000 tons gross annually, 
but also because of the wonderful development of the British iron trade which its manufacture has made possible. 
The pre-eminence of Great Britain in the manufacture of iron is due to its possession of abundant deposits of coal. 
When the kingdom had been well-nigh stripped of its forests to furnish charcoal to smelt its iron ores, and 
the high price of pig so smelted promised to send this manufacture at least to countries having abundant 
supplies of charcoal, it was Darby’s invention or rediscovery of the use of coke for smelting that gave to its blast- 
furnaces a new life, reduced the cost of pig-iron, and retained its manufacture in Great Britain. As other countries 
have advanced in the manufacture of iron, there can be no question that the United Kingdom has retained its 
pre-eminence in the iron markets chiefly by reason of the excellence, abundance, and cheapness of its coke. These 
have made possible the utilization of its low-grade ores in the production of pig-iron at a low cost, and have 
rendered feasible the continued competition of English iron with that of other nations, not only in the general 
markets of the world, but often in the home markets of these nations. 

The most important coking district in Great Britain, and consequently in the world, is the Durham, which lies 
in the northeastern part of England. The production of this district is not only largely in excess of that of any 
country in the world, but the Durham is a typical blast-furnace coke, bright, resonant, cellular, and low in ash 
and other impurities. Taking the average of numerous analytical results of the best varieties of Durham coke, 
6 per cent. of ash and about 0.60 per cent. of sulphur may be considered as the proportion of these constituents. 

As to the extent of the Durham coal-fields that produce the coking coal there seems to be some difference of 
opinion. Mr. T. Y. Hall, in a paper published in the proceedings of the North of England Institute of Mining 
‘Engineers, includes in this field the coal-seams from Etherly on the south to Wylam on the north, an average 
distance of 20 miles long by about 8 wide, or 160 square miles. Mr. A. L. Steavenson, however, in a paper read 
before the Iron and Steel Institute of Great Britain, states that the field of coking coal extends from Bradbury 
station, on the Northeastern railway, on the south to Gateshead on the north, 23 miles long by 11 miles wide, or 253 
square miles. Mr. Steavenson is probably more nearly correct than Mr. Hall, the difference in the estimates 
arising probably from a difference of opinion as to the classification of the coal in certain seams. ‘ 

The typical Durham coal is high in carbon, low in sulphur and ash, and with but little care or preparation burns 
into a most excellent coke. The best coal is obtained from the lower seams. The Brockwell and Busty seams, 
in the Brancepeth district, may be taken as fairly representing this coal. The analyses of these coals, are as 
follows: 




















BUSTY SEAM. 
; Brockwell 
Constituents.* aan 
Upper part. | Lower part. 
Per cent. Per cent. Per cent. 

Carbon rercccmekenes ce -dutat- we teen sis<s 81. 22 78. 46 83. 40 
Py drogenissrweass te aemcscemiilans ce 4.70 4.42 4. 40 
Oxygen and nitrogen................| 9. 45 8. 82 7.18 
OW BLCDier sotjcoeawinace be spiced > «sien 5's 0. 85 0. 99 0. 90 
Ne ety 9p i SS ek Oe AA ee 3. 28 6.17 3. 50 
Sulphur seveceeceessyset toe ss Sects | 0. 81 1. 83 1.00 
DOCG ee setiacist nice Seen asce ant 100. 31 100. 69 100. 38 














* Authority, I. Lowthian Bell. 


The coal of the above seams yields from 60 to 65 per cent. of its weight of coke. Its purity will be seen 
from the appended analyses of the coke made from the seams in the following collieries: 



































Collieries. Carbon. Ash. Sulphur. Water. 
Per cent. Per cent. Per cent. Per cent. 
Hamateels punsisd sos acasticeunptt cums ver 92. 55 6. 36 0. 81 0. 21 
Consett ies ae ec ee cn sea eeibeeces 91. 88 6. 91 0, 84 0. 37 
WWaltitworthiva: coon tecenes ceeeee Uneee 91. 56 6. 69 121 0. 54 
South Brancepeth .....<-.<spossccee 93. 41 5. 30 0. 91 0. 36 
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This coke is extremely hard and strong, and is capable of resisting a very high column in the blast-furnace, a 
cube 2 inches square, made at the Clarence iron works, having supported a weight of 25 hundred-weight when cold 
and 20 hundred-weight when hot before it was crushed. 

The oven used, almost without exception, is the bee-hive, and at some works are larger than those used in 
this country. At the Consett iron works they are 11 by 114 feet. At the Browney colliery an oven with flues 
similar to those in Cumberland and other districts is used, and at least at one works the Carvés oven is used. The 
bee-hive oven, though not giving as high a yield as others, is believed to produce the best coke for iron metallurgical 
purposes. The coal, however, cokes readily, and produces a good fuel without much care. There are from 15,000 
to 16,000 of these ovens (@) in use in Durham, in which about $5,000,000 are invested. (b) The time of burning 
varies from 24 hours to as high as 120 hours, according to the weight of the charge and the use to which the coke 
is to be put. Shipping and smelting coke is burned from 72 to 96 hours; the Silkstone coal, crushed and washed, 
when intended for use in steel works, is burned from 72 to 80 hours. 

The annual production of coke is estimated by Mr. Meade at 4,000,000 tons, (c) and the value as exceeding 
$10,000,000. Coke-drawers to the number of 2,000 were employed. Mr. I. Lowthian Bell estimates the output of 
coke of the counties of Durham and Northumberland at 6,000,000 tons annually, and his opportunities for making an 
estimate are so good that the statement may be accepted as correct. In this case more than 2,000 drawers would 
be employed. A good man can draw coal and do a share of the charging of six ovens. The coke is not only 
largely used locally in locomotives and the various operations of iron-making, but is largely exported to other 
districts of England and to foreign countries, and is chiefly used in iron smelting, though the hard-burnt is used in 
Sheffield to some extent in melting crucible cast-steel in the form of steel furnaces known as ‘coke-holes”, or ‘‘ coke- 
furnaces ”. 

In recent years the quality of Durham coke has not been so uniformly good as formerly. Not only has 
considerable coke been made from washed coal, but some seams are now used for coking that formerly were not 
regarded as sufficiently pure for the purpose; at least the coke could not compete with that made from the best 
seams of coal. Mr. E. Windsor Richards, in a paper read before the Cleveland Institute of Engineers, in November, 
1880, remarks that there was no hiding the fact that large tracts of the best coking coals in the county of Durham 
had been worked out, and though there was still a very large quantity of good coking coal left, yet some of the inferior 
seams were being largely worked with very little attention to the cleaning of the coal. Attempts are made in 
many cases to reduce the impurities to a minimum by crushing and washing, but even this is not successful. The 
washer used is the old trough type, which is not only wasteful of coal, but is an imperfect separator. 

Concerning the other districts of England in which coke is made, still less information is obtainable than 
concerning Durham. In none of them is the coal so well adapted to coking or so pure as Durham, and the 
coke produced is not as good, especially for use in the manufacture of iron. In most of these districts but little 
attention was paid to the production of a good quality of coke until within the past few years, when colliery 
owners found that it would pay to make coke suitable for iron-smelting. The best appliances are now being 
introduced, and the manufacture of it is extending in the districts outside of Durham, and, by using care in 
its production, a very good quality is made, which is not only consumed in the local iron works, but is shipped 
to other districts of England and to foreign countries. 

It must be borne in mind, in speaking of the character of the cokes of other districts as compared with the 
Durham coke, that the latter is an extraordinarily good and pure fuel, and while the cokes of all of the other 
districts are inferior as compared with Durham, yet, as compared with those of France or Belgium, they are in 
many cases equal, if not superior. 

It is also worthy of note in this connection that the production of coke is not now confined to those districts 
and seams which yield the best coking coal.. The introduction of recent improvements in the manufacture of 
coke has enlarged the area, permitting its production from coal that would have been previously rejected as unfit 
for that purpose. 

Next to Durham the most important coking district is South Wales. The manufacture of coke is here carried 
on quite extensively, the greater part of which is used in the manufacture of Welsh iron, copper, and tin, though 
some is sent to other districts of Great Britain and to foreign ports. 

The coals of this district vary considerably in their composition, the seams occupying the northeast side of 
the Welsh basin being chiefly coking or semi-bituminous, those of the northwest anthracite, while the seams in the 








a The Pall Mall Gazette estimated them at 16,000 in 1879. Mr. Steavenson’s estimate in 1877 was 14,000. 

b The Iron and Coal Industries of the United Kingdom, page 15. I am informed by a gentleman who has had considerable experience in 
building ovens in this district that the cost of a 11-feot oven in 1869 was about £25. In 1876 the contract price at the Brythorpe colliery 
was “£52 odd”, 

e The Pall Mall Gazette in 1879 estimated the production at 5,000,000 tons and the number of coke-drawers at 1, 700, each drawing 
2,400 tons a year. Thirty years before, the production of all England was, according to the Pall Mall Gazette, 2,500,000, and twenty years. 
before 3,500,000 tons. 
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center of the coal-field are semi-bituminous. Truran gives the following analysis of a coal from the northeast side 
of the basin near Pontypool, which was used for coking: 


Per cent. 
Carbonyiie ais iidinm Sei Gnis 2 oe no ora Sis Srieis oly Slee & Sieuale Pree oy eine im ea laa eta ee te octet tee cee ina ete tele eas tones 80, 4 
Hydrogen....... ---- 2-2 + eee cee ces ce eee pete ee eee ee enn cee ne cee nee nee ete eee eee eee 5.7 
OXY Zen... ~~~. 22 oe mene cee eee ce cent ce ee cn eee ee ree ce te ce ee cee nee ee nn eens nent teens een e nese 5.3 
Nitrogen... 22. 22-22 eon ne one nn nn ene nn ns nn er ee nn ne rn ene coe ne scans cases == 1.2 
Sulphur ojs 5 LSS SSE Toe ee Sen locate ae wie tare ao = hehe ete en Sale a Ree ae anne oye ere ce area esos cat ae ale eee 0.9 
Earthy materials: ss woes oo esate epee apa sem succes bao bee epee bamneee Same en cles «skier ees esient ted nave Se 4a eee 6.5 


Specific gravity, 1.29; yield of coke, 66 per cent. The earthy matter shows the portion of ash. (a) 

Of the coal that is classed as coking some seams yield a very good quality of coke without washing, but with 
much of the coal a previous washing is necessary to give a coke of sufficient purity and freedom from ash to be 
desirable as a furnace fuel. 

The oven used most generally in South Wales differs from that in use in Durham, the latter being, as before 
stated, of the well-known bee-hive form, while the Welsh oven is a modified bee-hive, almost rectangular, and is 
adapted to discharging by mechanical means. As generally built this oven is about 14 feet long, 5 feet high, and 6 
feet wide at the front and 5 feet at the back, this difference between the width of the front and back being to 
allow of ease in drawing the charge. The coke is drawn by means of a windlass attached to a wrought-iron bar 
laid along the length of the oven, another being laid transversely across it at the back, both being placed in 
position before the oven is charged. The ovens are generally built back to back, with a chimney between, sometimes 
with side and bottom flues, the Welsh oven in these respects anticipating the Belgian, and are in. some cases 
charged through the top, in others through the door. The coke is sometimes cooled in the oven and sometimes 
after it is drawn. 

The charge is sbout 44 tons for the first three days in the week and 5 tons for the remaining four days. For 
the coking of the smaller charge 7% hours are generally allowed, and for the larger 96. As is noted elsewhere, 
at the Ebbw Vale, Dowlais, and other works the Coppée oven has been introduced. 

As is stated in another chapter, the manufacture of coke in the ordinary way in South Wales, although 
exceedingly hard and dense fuel is produced, does not appear to have attained all the economical results possible. 
Experience has Shown that the carbonization of the coal is not complete, the long, deep fissures in the coke thus 
manufactured exhibiting, on examination, a considerable amount of dark carbonaceous matter not carbonized. 

No statistics of the output of coke or of the number of ovens in this district have been obtained. 

Considerable coke is also made in Lancashire, though the coal is even less adapted to coke-making than either 
the Durham or the South Wales, and most of it is crushed and washed before coking. At the works of the Wigan 
Coal and Iron Company the slack from their extensive pits is coked after being washed, the coking being done in 
8-ton ovens, the process occupying five days. Some Coppée ovens are also used in this district with good results. 

I am indebted to the kindness of Mr. W. H. Hewlett, of the Wigan Coal and Iron Company, limited, for the 
following description of this field: 

The coke district of Lancashire is divided into two parts, southwest Lancashire, of which Wigan may be considered the center, and 
which is some 23 miles from Liverpool, and northeast Lancashire, of which Burnley may be considered the center, some 45 miles from 
Liverpool. 

Beginning with the former we take first the nature of the coal from which coke is produced. 

The coke here is made altogether from slack (that is, riddlings which pass through a mesh of three-quarters of an inch) from the 
Arley mine seam. This seam, a bituminous coal, is the bottom seam of the Wigan district (save the mountain measures, which are too 
thin here to be profitably worked), and varies in depth in the district from some 140 to 800 yards. The coal from the seam is used, the 
largest for house purposes, the next size for gas purposes, and the slack, as hereinbefore named, for the manufacture of coke. 

The following may be considered a good average analysis of the quality: 


Per cent. 
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To inake this slack into coke there are something like 1,700 ovens in this district, of which the company I represent owns about 700. 
The slack is washed to remove pyrites and dirt, and is at the larger works (our own, for instance) crushed afterward before being 
coked. 
The following may be regarded as a fair average analysis of the coke produced : 


Per cent. 
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Volatile matter... 06h c nde oes ee cerecte eae mela Oe ee er ne ae eth acl ame re ee eee tere aS et nr TR Pt oe eee 0. 90 
Watters .s dence needs cond oc ae es RR Re cee ee eS See ne nee Pe ecient ee ee eee 0. 75 
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The ovens are bee-hive almost entirely. The coke is used principally at blast-furnaces, but commands some 
trade among the founderies in the neighborhoed. 

In the Cumberland district, where there are large deposits of rich hematite ores, most of the coke used is 
brought from Durham, at a cost of (June, 1880) from 8s. to 10s. a ton for freight alone. It is stated that 1,000,000 











a Truran On the Manufacture of Iron, third edition (London, 1865), page 11. 
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tons of coke were used at the iron works of this district in 1877, of which but 50,000 were made in the district. 
Though the coal of Cumberland has an excess of ash and is high in sulphur, it is believed that both of these can 
be much reduced by careful washing and coking. The Coppée oven, which is especially designed for coking finely- 
divided coals, is being used successfully, though ordinary ovens are used also. In 1878 and 1879 there was 
considerable activity in the Cumberland coal-field in building ovens and making coke. At this date three or four 
seams of coal were worked in the West Cumberland coal-field from which coke was made. <A large part of the 
coke, however, was made from slack or screenings and small coal, generally washed. The largest coke manufactory 
at the time was at the Clifton colliery of the West Cumberland Iron and Steel Company. Early in 1879 this company 
had 92 ovens at work and were making about 26,000 tons of coke from 46,000 tons of coal, the coal being crushed 
and washed at an expense of 5d.a ton. There were also coke ovens at several other collieries. These ovens, while 
they were built somewhat on the bee-hive plan, differed from the ordinary bee-hive in being built back to back 
with large flues between the backs running the entire length of the row, each oven having a connectien with this 
flue, the flue being connected at the end with a large chimney. The ovens are charged through the top and drawn 
in the ordinary way. 

In some cases the waste gases from the oven, after passing through the flues and before passing into the chimney, 
are conducted under boilers and the waste heat is utilized, these boilers supplying steam for working the machinery 
in crushing and preparing the coal, for the engines pumping the water from the pits, and in drawing the coke, 
where mechanical means are used. 

The great coal-field which occupies so large an area of Yorkshire is the most continuous of the coal-fields of 
Great Britain, its length from north to south being upward of 66 miles and its breadth from 5 to 20 miles. Sheffield 
occupies the center of this great body of coal. In the southern part of Yorkshire the great seam is the Barnsley, 
which far exceeds in thickness any other of the known seams, except the Silkstone. This latter seam is the most 
highly prized in the Yorkshire field. Indeed, these two are practically the only seams wrought, and it is probable 
that no others will be touched, except for local consumption, until they are exhausted. 

Itis from the “smalls”, or the fine coal of these two seams, that practically all the South Yorkshire coke is made. 
Up to a few years ago the production of coke was limited to the requirements of the Sheffield trade, chiefly for 
steel melting; but with the development of the Barnsley coal and the contemporaneous discovery of the oolitic 
ores of Northampton came a demand for a grade of coke which the small coal from the Barnsléy seam without 
washing was well calculated to produce. This coke contains more carbon and less ash and other impurities than 
the Silkstone, and as a result thousands of tons of this fine coal, instead of going into unsightly and useless piles 
or being used to ballast railways, are utilized in coke-making. Latterly it is stated that the condition of the 
market for coal has been such that it has been more profitable to make the “run of the mine” into coke, and a 
large number of ovens, upward of 1,000, were erected in the Barnsley district in 1881. The coke from this coal 
is competing with that from the Silkstone seam, and even with the Durham. LBee-hive ovens 11 feet in diameter 
are most common in this district. The coal is generally crushed in a Carr’s disintegrator. 

The following shows the range of the analyses of the Barnsley coal from six collieries: 


Per cent. 
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1. 266 1. 290 
The Silkstone seam, so named from the village where it was first worked, also furnishes a coal well adapted 


for coking.(a) Its analysis is as follows: ’ 

Per cent 
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When coked, the yield is about 60 per cent. The coal from this seam raised at the Hoyland colliery yields 
64.45 per cent. of coke. This coal is extensively coked, and produces a pure, strong coke, which is in good demand 
in the steel works of Sheffield, where it is largeiy employed. 

Of the coke made in the other districts of the United Kingdom our information is of the most meager 
description, and covers very little else than the fact that it is made. 

In Staffordshire some coke is manufactured, though the supplies for South Staffordshire come from Derbyshire. 








a See Meade, page 41. 
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These districts and Yorkshire, with Durham, Lancashire, and South Wales, should be regarded as the chief seats 
of the coke manufacture of the United Kingdom; but here, as elsewhere, concerning output, ovens, etc., the report 
must be, “‘ No returns.” 

In London some coke is made from the screenings of the coal-yards, similar to that made at Cincinnati. There 
are quite a number of these establishments in London, one having 21 ovens, another 12, another 9, and others 
various other numbers, and are mostly situated on the river banks. 

Regarding coke in Scotland, the only definite information received is that in 1878 there was a bank of 160 
ovens at the Haugh works of Messrs. William Baird & .Co., in Lanarkshire, which at that time was the most 
extensive works of the kind in Scotland. ; 

Concerning Ireland, the statement is made that, owing to the great competition with English coke, its 
manufacture scarcely pays the cost of production and carriage. 

During the past few years many attempts have been made to utilize the gases and save the waste products of 
combustion, especially ammonia and tar, but the success has not in most cases been such as to justify the adoption 
of the process. The waste heat is used at many places in making steam, and the experiments in collecting the 
waste products have shown that it can be done. The coke, however, was found to suffer much in quality, so that 
what was gained in one way was counterbalanced by a loss in another. Some recent experiments are said to have 
been more successful, so that there is every probability of the valuable products of the gas being obtained without 
injury to the coke. Messrs. Pease & Partners have recently adopted the Carvés system with excellent results, 
and other systems are being tried. These will be referred to in another chapter. 

As has been stated, there are no reliable statements as to the amount of coke produced in Great Britain. Mr. 
Richard Meade, to whose work (The Iron and Coal Industries of the United Kingdom) I am so much indebted for 
information, writes me on this subject: 

The Newcastle and Durham districts of the Great Northern coal-field are the most important and extensive in Britain. Mr. A. 
L. Steavenson, a vice-president of the North of England Institute of Mining Engineers, in a paper read before that body and printed in 
their transactions (vol. viii, 1859-60) gives the following estimate of the coke trade for the year 1858: Coke used in the iron trade, 
4,032,070 tons; coke exported, 227,552 tons; railways, etc., 641,611 tons; total for 1858, 4,901,233 tons. The number of coke ovens 
employed, about 16,660; and the number of hands employed in the kingdom, about 4,000. 

In the same year, in Durham and Northumberland, the production of coke was about 2,000,000 tons, employing 1,600 hands, the 
capital embarked in the coke trade being about £500,000, yielding about 10 per cent. annually. 

In the year 1880 the consumption of Durham coke alone in pig-iron manufacture amounted to 4,500,000 tons, and as the make of 
pig-iron in the same district has increased since 1880 the coke manufacture will have increased in proportion. There is, however, no 
information of which I am aware showing the extent of increase that is at all reliable. 


As a large number of the iron works in this country manufacture their own coke, it is a very difficult matter to arrive at the 
production even approximately. ; 


From page 41 of the Annual Report of the British Iron Trade Association for 1881 I extract the following: 


The production and consumption of coke during 1880 has exceeded all former experience. In Cleveland, Cumberland, and North 
Lancashire, unitedly, about 4,000,000 tons of pig-iron were made last year, exceeding by nearly a million tons the largest quantity made 
in any former year. And if an average consumption of 223 ewt. of coke per ton of iron is assumed, it follows that in the three districts 
named the quantity of coke used was about 4,500,000 tons, chiefly supplied from the South Durham coal-field. During the last twelve 
or fifteen months coke has fluctuated very much in value. Commencing in Durham to rise from about 8s. per ton in August, 1879, it 
advanced before the close of the year to 13s. 6d., and in the early part of 1880 large quantities were sold between the latter figure and 
20s. per ton. In the latter months of the year, however, prices became easier. (@) 








a As this report is going through the press a statement, prepared by the secretary of the British Iron Trade Association, is at hand, 
which contains some interesting information concerning the use of coke in the blast-furnaces of that country in 1882, from which the 
following is extracted: 

‘“‘There are no reliable statistics of the production and consumption of coke in the United Kingdom, but the demand for this form of 
fuel is known to have very largely increased within the last few years. This has chiefly been due to the development of the iron trade, 
but the demands for locomotive and export purposes have also been extended in a material degree. The economies that have been 
introduced in blast-furnace practice have, however, so considerably reduced the consumption of fuel per ton of iron smelted that the 
effect of the greatly increased production of pig has not been so apparent in this industry as it otherwise would have been. The following 
figures show what the consumption of coke would be in the manufacture of pig-iron in 1882 compared with 1879, assuming for each year 
an average of 23 hundred-weight of coke per ton of pig: 


CONSUMPTION OF COKE IN 1879 AND IN 1882, ALLOWING AN AVERAGE OF 23 HUNDRED-WEIGHT OF COKE PER TON OF PIG-IRON 
MADE, WITH INCREASE OF CONSUMPTION IN EACH DISTRICT IN THE LATTER YEAR. 












































CONSUMPTION OF COKE. Amount | CONSUMPTION OF COKE. Amount 
District. - = = of increase in | District. of increasein 
| 4879. 1882, 1882.0 |) 1879. 1882. 1882. 
| \| 
| Tons. Tons. Tons. Tons. Tons. Tons. 
Cleveland i”... 1s Bee ee cee re 2, 032, 448 3, 091, 947 1,050,499 || Lancashire :.¢..222-- ss dseveaeon eee. 726, 044 900, 150 174, 106 
West Camberlandy.-- s-ceesee cee vee 611, 883 1, 151, 358 539,975 || Northamptonshire.......-..---------. 190, 114 220, 932 30, 818 
South Wales....... SPP a a ace rae 770, 336 1, 015, 801 245, 465 | West and South Yorkshire .....-..... 251, 626 321, 141 69, 515 
North oWales ate (een eee eee es 21, 796 56, 020 34,224 || Derbyshire and Notts ...........-.--- 335, 173 512, 595 177, 422 
South Staffordshire* ........2....2...5- 374, 647 458, 209 83, 562 || Shropshire. .......- etceeseeeec ees eee: 69, 908 92, 546 22, 688 
North Staffordshire........----.e----- 241, 930 364, 684 122, 754 Gloucestershire, Wiltshire, Gb0i. secs 46, 000 55, 200 9, 200 
Lincolnshire sees. sae eae a ee 151, 429 231, 795 80, 366 | Total woh ees pbs ees Lee 5, 822, 834 8, 472, 378 2, 649, 544 





* In South Staffordshire probably one-half of the fuel used in iron smelting is raw coal, but as the exact proportions are unknown the whole is dealt with as coke. 


“These figures show an increase of 2,649,544 tons, or 46 per cent., within four years; but it should be noted that the average 
consumption per ton of pig is likely to have been higher in 1879 than in 1882, because of the extensive introduction of more economical 
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The following table shows the exports of coke from Great Britain for 1878, 1879, and 1880, and the value of 
the same: 

































































1878. 1879, 1880, 1878. 1879. 1880, 
Countries to which exported. Countries to which exported. 
Tons, 2, 240 Tons, 2, 240 Tons, 2, 240 Tons, 2, 240 Tons, 2, 240 Tons, 2, 240 
. pounds.* pounds.t pounds. pounds.* pounds.t pounds.? 
Russia: ree or ee ie 5, 051 "17,600 21, 556 

Northern ports........-.--.-. 52, 511 48, 070 56, 309 || British India : 

Southern ports..........--.-. 122 250 714 Continental territories ...... 4, 400 7, 620 6, 205 
Sud Gill. 1 S360 18, 411 24, 140 ; 40, 860 Straits settlements .......... 110 200 494 
NRE IRVSiie nese en 2i1=--~5 205. == 10, 128 10, 960 16, 028 CeylOntenca--seninneweeccece. 102 170 229 
TRIP lele gs = a's at aman ece «a0. 4, 902 6, 280 6, 023 || United States of America on stehe 4, 851 10, 950 16, 052 
Germany. ..-------+..- eee cesees 23, 044 32, 050 38, 761 Pacific. 
ee 2, 363 8, 230 Pipe Clits soca setae s sadseon cs = c' 5, 562 11, 290 18, 750 
ee 17, 180 14, 920 27 US8 | Eraell te coc doyseencstuveocsscs 2, 437 3, 100 3, 418 
Portugal, Azores, and Madeira... 3, 872 5, 570 3, 879 || Other countries............-.... 11, 114 12, 628 17, 597 
Spain and Canaries............... 92, 603 106, 990 143, 218 

: . K MUG a ee Se ee 274, 239 a7 
en 15, 476 24, 420 21, 110 ena eed! 
* Value: £201,708. + Value: £231,671. t Value: £338,259. 


COKING IN BELGIUM. 


The coal-fields of Belgium are among the most important of the continent of Europe, and have given to this 
little bit of territory an industrial importance and competitive power second only to that of Great Britain. These 
fields extend across the country from east to west, but vary greatly as to their accessibility, the coal at one place 
cropping out some 600 feet above the level of the sea, while at Mons it is found some 7,000 feet below the level. 

The coal-fields are divided into five districts: Mons, Centre, Charleroy, Namur, and Liége. The first three 
districts named are included in the province of Hainaut, and statements and reports concerning the coal of this 
country frequently speak only of the provinces or districts of Hainaut, Namur, and Liége. The province of 
Namur, however, is of little importance as a coal-producing district, its output being only 3 or 4 per cent. of the 
product of the country. 

The quality of Belgian coal, though, as in most countries, it varies greatly, is on the whole good, the deepest seams 
being the best and thickest. Nearly half the total production is a close-burning coal, and is used principally for 








blast-heating apparatus, and also because of the much larger make of hematite relatively to other qualities of iron in the latter year. 
The difference, therefore, against 1879 is likely to have been even greater than the foregoing figures indicate. The following table shows 
the consumption of coke in the manufacture of pig-iron in 1882, both as coke and in the form of coal, Scotland being, of course, excluded, 
in consequence of the general use of raw coal in the blast-furnaces of that country. 


CONSUMPTION OF COKE IN THE PRODUCTION OF PIG-IRON IN THE UNITED KINGDOM IN 1832, THE AVERAGE BEING TAKEN AT 23 
HUNDRED-WEIGHT PER TON OF THE IRON MADE. 





























| Equivalent of | : 
District. Consumption ee ene aaa 
| of coke. coke as 100 per 
cent. of coal. — 
pee eee ae 
ley elanid fates cant tere forthe tao -io eden oe ao 3, 091, 947 5, 153, 245 | 
Wiest Gomberinnda-cces- tien eeea eae tesa | 1, 151, 358 1, 918, 930 
SOUUMW ales teesecs stems belch esa men svcd we ome 1, 015, 801 1, 693, 001 
North. Wales cnestcctctascnk sane cbcean case seae 56,020 | 93, 366 
South Stasordsnine cand: weesiccte ewes eee lae 458, 209 763, 681 
North Staffordsbire/<-s4s.2e-2 9. cae sees eee ene 364, 684 | 607, 806 
Lincolnshire siecas.2t- betes «nc secs sas nee is 2 231, 795 386, 325 
Lancashire 23 ce nce nets seh secs See oes asc 900, 150 1, 500, 250 
Northam ptovsbirercaccccucu cece ctec eoemas ec a 220, 932 368, 220 
West and, Southey orkshire:.i..chessesanqress 321, 141 | 535, 235 | 
Derbyshire and Nottsi. =. <.c55-secsnessceane sas 512, 595 854, 325 
Shropshire. scscevace tac cotiehermestsandeeeeece 92, 546 154, 243 | 
Gloucestershire, Wiltshire, etc ..........-..... 55, 200 | 92,000 | 
otal. see tence iced oo bce ee ee 8,472,378 | 14,120, 627 
Add coal consumed in faetianeh SHY se stinan nara, aaa 5. fs Ss. 2, 300, 000 | 
| otal coal SLAs oe ecko Saeetae casas fee aeeidee een | ete 420, 20, 627 | 








‘It is probable that the average yield of the United Kingdom will be nearer 56 to 57 per cent. of coke per 100 of coal, 60 per cent. 
being indeed about the best average result that is obtained in the coke manufacture. It is probable, also, that the average consumption 
of coke per ton of pig made will, in the country generally, be nearer 25 than 23 hundred-weight. The foregoing table is therefore subject 
to these two modifications.” 


62 MANUFACTURE OF COKE. 

domestic purposes, and to some extent for gas- and coke-making. The production of true coking coal is small, 
only about 27 per cent. of the entire amount raised. Of this only a portion is coked, less than 17 per cent. of the 
entire production of coal being made into coke. 

The beginning of the manufacture of coke on an extensive scale in Belgium dates from the erection of the first 
blast-furnace, in 1826, by John Cockerill, at Seraing. In 1830 the number of these furnaces had increased to 5, while 
there were still 72 charcoal blast-furnaces in existence. Many of these charcoal furnaces were out of blast, however, | 
and coke furnaces gradually took their place until 1865, when there were 56 of them in blast. Notwithstanding this 
increase, the development of the manufacture of pig-iron in Belgium has not kept pace with the manufacture 
of coke. The output of iron ores has largely decreased in the last fifteen years,.and while their importation has 
more than doubled in the same period, the production of pig-iron and other uses have not been sufficiently large 
to consume the coke made, and a large proportion of it has gone to the furnaces of other countries. In 1881 nearly 
one-half the coke made, or 914,885 out of a production of 1,834,669 metric tons, was exported. 

While the production of coke in Belgium has thus been of great moment to the industries of contiguous countries, 
it has not been wholly the amount that has given the manufacture of coke in Belgium so much importance, but 
rather the improvements that have been made in coke ovens in that country. Bee-hive ovens were at first used, 
but as the demand for coke increased it became necessary to adopt better and'more economical forms, as well as 
ovens adapted to coking coals of an inferior character, and the Belgian or flue ovens are the result. These ovens, if 
they did not originate in Belgium, certainly have received the most attention and reached their best development in 
this kingdom, and the name Belgian, which has been applied to all flue ovens, is therefore exceedingly appropriate. (@) 

The official statement as to the number of coke ovens in Belgium and the production of coke in 1881 is as 


follows : 









































NUMBER OF COKE OVENS. Consumption | Productionin | yang per 
vaya Sy aveorr Tale men employed. | net tone (3,000 | net tons {2,000 | 22% nde 
Pp 5 pounds). pounds). Pp : 
Hirst. division, Hainathosceeess a eeeee ee hee mon =o 6 00s eae eee 2, 680 826 1, 598 1, 972, 261 1, 441, 398 
Second division; Lise -esmmeeritem eats «ah =n tase cv eb 1, 443 608 760 778, 334 580, 257 ; $2 80 
Pofalidic,ss- Aida i pe MRE ee OR PUROE 4 4,123 1, 434 2, 358 2, 750, 595 2, 021, 655 | cave wue eee 











While all the ovens in use in Belgium are flue ovens, heated from the bottom and sides, the variety is 
considerable, but no statement of the number of each kind is given in the official publications. Most of the ovens 
are horizontal, sometimes with the floor slightly inclined, and are generally placed in single or double lines or 
banks, but are occasionally clustered (en ruche). In some cases the pitch and other products of combustion are 
saved. The Appolt or vertical oven is also used to some extent, and for some years has been growing in favor, 
notably at Seraing. (d) 

There are 57 firms engaged in the manufacture of coke, and the number of each class of ovens built is as follows: 





A.—Horizontal, in lines orvbanks ... .-. 2... 6. sai messes amine nin sce leins = Se stioga sa ee: ae ee Sie see ete ar er 4,397 
Bs Horizontal (enaiche ener = | ae 2 sates Serene Sale Scie sae p's oe see seman tee ee nys te mates ee ere aes 152 
Ci—Vertical = 225 pt eoa BER we ce oie balan iw cre nl ee EID inte ha oie ole rere ole ta te ate eee Te ote tee ee een een 1, 008 

Total <0 co ccccc cc Se eb o Pian iin elec lalla agian MON ie rey 5 Ste aa vant BSe 








Two hundred and fifty-nine ovens of class A and 48 of class B are arranged for the saving of the waste products 
of combustion. 
The following tables give in detail the statistics concerning the production of coke in Belgium in 1881: 


PROVINCE OF HAINAUT.* 












































First district. |Second district.| Third district. | Fourth district:| Fifth district, | Province of 
Number.of ovens in operation oan .cces acne cee ee eees coe s ses ae ece 413 443 1, 188 398 238 2, 680 
Number of ovensidles. 5 senses cep wee oe aseeee aes derces els seieeee 77 130 124 228 267 826 
Total oes.os otic les Gans ave, cee cnt ne ho Cama ne ere as Seale Preto 490 573 1, 312 626 505 3, 506 
Number of ‘workmen 32. 35 <.55 59055 22 tg dis See evs bins oe ae ie w/e Sree ce ee eee Pac hese cent aE Et te ESTE ore ee De Te 1, 398 
Coal consumed, tons of 2,000 pounds.----- 02.22.22... e secee eece= 283, 183 251, 272 948, 398 830, 693 158, 733 1, 972, 279 
Production of coke, tons of 2,000 pounds.........-.-.-..---.-.-.-- 194, 601 175, 477 702, 610 257, 940 110, 782 1, 441, 410 











- Report of the engineer-in-chief, director of mines of the province of Hainaut. 


The average value of the coke was 16.03 franes per 1,000 kilograms, or $2 81 per ton of 2,000 pounds, and the 
production exceeded that of 1880 by 722,545 net tons. 








a This subject is discussed at length in the chapter on ‘‘ Belgian Ovens”. 
6 This statement is based on a letter from M. Max Goebel, editor of La Semaine Industrielle, Liége, to whom I am indebted for 


many of the facts given concerning Belgian coke. 
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PROVINCE OF LIEGE.* 
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Seventh dis- | pighth district. Ninth district. | Tenth district.| yam 
Number of ovens in operation ....-----..--+-----------2e-eeeee cece eee ee eee eee eee 246 90 1, 023 84 1, 443 
Number of ovens idle .-..--..--- 0-02 ee enone eee e cee e cee eee ee eee nese ne ceenee 132 16 404 56 60 
Total ....-.------00---- eee nce ee enews veer t eect neem cece nese nee ewe n cere weer ce en ces 378 106 1, 427 140 2, 051 

ke tea rat 5 ie 
eR EIN yet ee ot els ie oie = nik gw ek miei nine «)o(e'e sim sa rein nial wineinipe © aoln,wivealeve's aiaiel aie 150 44 519 47 760: 
Coal consumed, tons of 2,000 pounds .........--+-+- +++ 22+ seen ee tenes eee e eee ee eee 174, 981 54, 588 | 503, 743 | 45, 029 778, 342 
Production of coke, tons of 2,000 pounds.......-........---2----2e+------ fear bere 4a 182, 057 39, 812 | 373, 917 35, 177 580, 963 

| 








* Report of the engineer-in-chief, director of mines of the provinces of Liége and Namur. 


The value of the coke was $2 773 per net ton, and the quantity of coke made in 1880 was 20,025 tons less than in 1879. There are no 


coke ovens at the mines of the sixth district. 


It should be noted that, in addition to the amount given above, a little coke is made in Belgian Luxembourg. 
The official statistics, however, give no statement of the amount. 

From these tables it appears that 2,750,620 net tons of coal were used in the production of 2,022,373 tons of 
coke, a yield of 73.5 per cent.—much in excess of that attained in the bee-hive ovens in the United States or 
England. This excess in yield is largely, though not entirely, due to the use of the flue oven. The output per 
oven was a little over 490 tons for the year. 

The production of coke in Belgium for the five years, 1876-’80, by provinces, is as follows: 








Year. Hainaut. Liége. 
Tons. Tons. 
1ST Gas eee soak o base iacancces oeias 914, 415 459, 451 
LST Wis tiats cee ces te Cait aa ale oe beret citer 899, 447 448, 169 
TOTS. Piece es eee deren htes 1, 056, 401 462, 477 
TB7OE St eee AY. ee Ae 1, 004, 930 480, 990 
TSS0se es etal te, bo kee eee 1, 270, 024 560, 938 











As has already been stated, a large percentage of the coke produced in Belgium is exported, chiefly to France. 


Some little coke is imported. 
The following table, from the report of the Belgian ministry of finance, shows the imports and exports for the 


years 1877, 1878, and 1879: 
































EXPORTS. 
Exported to— 1877. 1878, 1879. 
Net tons. Net tons. Net tone. 
PPUSSI9 semen oe eed ae meters cee sata nKI NS (CBP MN eee ite ae 11 
Diem bourse sks. Tetsuo eb kee 194, 918 153, 388 119, 209 
HYTANCO si 5.5 cckiee= vec actees eceskens 322, 343 362, 021 432, 142 
Othericountries).. 2255-4 -ssee = ose 3, 136 3, 360 2, 832 
OLR arto eee ak eee tes Oana 530, 560 518, 769 554, 194 
IMPORTS. 
Imported from— 1877. 1878. 1879. 
Net tons. Net tons. Net tons. 
IPYUSSISe jue cscs ace aristineae yeeicnas es 16,157 | 13, 795 4, 410 
Ub bites yee are ones 2 er Baye See ee 5 4, 290 5, 733° | 5, 222 
Othas countries suse eee eee ae 176 90 | 89 
otal nessa eee ee eae: 20, 623 19, 618 9, 721 











| e | | 





The exports of coke have largely increased since 1879, being 937,345 net tons in 1880 and 1,008,487 tons in 1881. 

The apparent anomaly presented by the above tables of the importation into Belgium of coke from Prussia, 
and even a small quantity from France, to which Belgium sends so much coke, is explained by the location of the 
works using it relative to lines of transportation, they being of easier and cheaper access to the French and 
Prussian coke manufactories than to the Belgian. 
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COKING IN FRANCE. 


The French coals, even of the coking variety, are, as a rule, not well adapted to the manufacture of coke, 
being, as compared with the English and the Belgian coals and those of Westphalia, very impure and high in 
ash, the amount being such that the fuel would hardly be used at English or American blast-furnaces. By carefully 
washing the coal and by proper attention to coking, however, the difficulty is reduced to a minimum. The results 
obtained in French iron works with their fuel is most creditable to their management. 

There are in France six principal coal-producing districts. (a) 

1. The northern coal-field.—This district extends over a part of the departments of the Nord and Pas-de-Calais, 
from the Belgian frontier up to and beyond the city of Bethune, and more particularly in the environs of Valenciennes 
and Douai. The coal-measures comprise a rather large number of seams, generally varying in size from 0.50 to 
1 meter.(b) Various kinds of coal are produced, including anthracitic, semi-bituminous, and coals suitable for 
making coke. These coals vary also as regards the percentage of ash, and a like observation applies to the coke 
produced. Two kinds of coke are made in the department of the Nord, viz: the washed coke, containing from 7 
to 8 per cent. of ash, and the unwashed, containing from 12 to 14 per cent., and sometimes more. This coal-field has 
the advantage of possessing a great number of railways and canals in connection with the Seine, Marne, and 
Meuse, so that its products are conveyed a considerable distance. 

2. The Burgundy coal-field.—This district occupies a portion of the department of the Sadne and Loire between 
Autun and Charolles, its principal collieries being those of Blanzy, Epinac, and Creusot. There are but few seams, 
and those of somewhat varied characteristics, the thickness being not unfrequently considerable, while the seams 
are worked by means of shafts sunk to a depth of 250 or 300 meters, or more. At Creusot the coal is nearly an 
anthracite, but it undergoes a change eastward, where it becomes very flaming, and, to a certain extent, is adapted 
to coke, without, however, being really a coking coal. The small coals have to be washed in order to produce coke 
with even as little as 12 per cent. ash. .The Creusot coal is not suitable for carbonization, except when mixed with 
a considerable proportion of coking coal of the Saint-Etienne district. 

3. The central coal-field.—This is situated in the department of the Allier, and the principal collieries are 
those near the town of Commentry and the village of Bezenet. A fine seam, with but little incline and an average 
thickness of, say, 14 meters at the former place and a somewhat irregularly formed seam at the latter, is worked. 
The coal is flaming and gaseous, and yields a rather light kind of coke, which, when produced from washed coal, 
contains from 10 to 12 percent. of ash. To this main coal district may be attached some small outlying coal-basins, one 
of which is the Saint-Eloy basin, in the neighboring department of the Puy-de-Déme, supplying coal and coke, with 
a good proportion of ash. 

4, The Loire coal-field.—Next to the coal district of the Nord the Loire district is the most important, more 
especially in the vicinity of Saint-Etienne and Rive-de-Gier. It comprises a number of seams of no inconsiderable 
extent, the total accumulated thickness of which is calculated at from 50 to 70 meters, the whole depth of the coal- 
measures being about 1,800 meters. The proportion of ash in the coke obtained from the small washed coal is 
generally from 12 to 13 per cent. 

5. The Aveyron coal-field.—This district is situated in the department of the same name, and the chief collieries 
are those of Decazeville and Aubin. The seams are nearly horizontal, and are of but littledepth. The coal here has 
to be carefully washed in order to obtain such a kind of coke as would be suitable for use in blast-furnaces. This 
coke, which is not very dense, generally contains from 10 to 12 per cent. ash. 

6. The Alais coal-field.—This ranks as the third important coal district in France, and is situated in the 
department of the Gard. The seams differ in thickness (from 0.30 to 2 meters), and yield sundry kinds of coal, 
varying from the anthracite to the flaming sort, including the intermediate coking and bituminous qualities 
suitable for coke. Coke of good quality and with but little sulphur is made from the washed small coals, with from 
10 to 14 per cent. ash in the kinds suitable for blast-furnaces. 

As regards the center of France, mention may be made of the Brassac basin in the Haute-Loire (which sends 
its coking coal as far as Creusot), and the Ahun basin, department of the Creuse, also producing coking coal and 
supplying two or three smelting works in the neighborhood. 

In the east the Ronchamp coal formation, situate on the southern slope of the Vosges, department of the Haute- 
Sadne, furnishes a certain quantity of fuel to the Franche-Comté iron works. 

In the southwest the Carmaux basin (department of the Tarn) supplies coke to some iron works, particularly 
those near the Pyrenees, and the Graissesac basin (Herault) produces also coal fit for coke. 

Generally speaking, coke is no longer manufactured in France except in the Belgian ovens, chiefly of the Smet, 
Coppée, or Appolt systems. The Smet and the Coppée ovens are principally used in the Anzin, Commeutry, Saint- 
Ktienne, Aveyron, and Grand-Combe collieries; the Appolt at Blanzy, Creusot, Bezenet, Portes, and other places. 
A number of ovens on the Carvés system, for utilizing the waste products, are in use with good results, especially 








a Condensed from a paper by Professor S. Jordan, of Paris, read before the British Iron and Steel Institute, at its Paris meeting, 1878. 
b The meter is 39.370 inches. 
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at Saint-Etienne and Terrenoire. Almost all the small coal used is washed, as with few exceptions French coal 
would not be otherwise pure enough to produce a sufficiently clean coke for manufacturing purposes. 

It is very difficult to arrive at the yield of the French coal in coke. In the Saint- Girne coal-field at one point 
there are 122 Belgian ovens, using crushed and washed coal, 175 tons of coke being made per day. The charge is 
from 4 to 44 tons, and it is burned 48 hours, yielding about 3 tons, or 72 per cent. The average ash in the coal is 
134 per cent., but by double washing it is reduced to from 4$ to 8 per cent. At Saint-Etienne 80,000 tons of coal are 
burned per year, producing as follows: 





Tons 
Vethy tes) (URLS) tits 1S hee te SEES es A le iti sl a a AS EN elcie ga eeeeee Me eee ny ae eg ames ROR ae 52, 008 
ER RE ete ha Le Poe soni elae eS afue's saw gu ods Se ce EE Se ites = bas ssc eke ores ae eee ne et de eek. 3, 500 
IMME ite tes others Seg FAAS e wd 5 St ce xk shea wie ce ely toe oe Leb nate bee Sue ob ead wee eee eke! 30 
55, 538 


or 69.4 per cent. of coke, beside 2,400 tons of tar and 300 tons of ammonia product. The best information is to the 
effect that the average yield of coal in coke in France is 70 per cent. 

The price of coke in 1878 varied from 20 to 27 francs ($3 86 to $5 21) per ton at the ovens, according to the 
purity of the article and the situation of the coal-fields. 

In addition to the fuel from French collieries, the French metallurgical works import coal and coke from foreigu 
countries, as, for example, from England (the cargoes being discharged at the channel and ocean ports), as well as 
from Belgium, and, via the Belgian frontiers, Westphalia. It would even be possible to quote an establishment 
in the southwest of France which receives its coke, via Rotterdam and Bordeaux, from the Ruhr carboniferous 
district (Essen, in Westphalia). 

Considerable coke is brought into France from other countries, and some small amounts are exported, the 
imports and exports for 1881 by countries, and for 1879 and 1880 by totals, being as follows: 




















Countries. Imports. Exports. 
oy i | 
| Tons.* Tons. 
ie Bolpinmen. Seeee peta etc oe aa CAAA I | Rete emer e ees 
GOrmany coco see nek Use as cana LOO AST ate reer ete scare 
Biwitzeriand 2.00. s id, ed, ee aes fy ae Tay 
Thakpdy Peek ae hi oie eb et bales 2 Wires 7, 585 
Other countries: ..5-2<.45.-0 8. 2 oe 17, 796 9, 754 
Total ASSIsewe acs sk eee 1, 111, 054 24, 614 
Total: L880s..45-.se=-peeret mance 948, 416 40, 905 
Total 1srosece Osh =e ceniss sion eae 760, 529 20, 589 








* This ton is pr wer ps the metric ton of 2,205 pounds. 


The official publications of the French government contain no returns of the annual production of coke. 
Pechar estimates it at 1,400,000 metric tons (1,543,234 tons of 2,000 peunds), requiring about 2,000,000 metric tons 
(2,204,620 tons of 2,000 pounds) of coal. This would indicate the same yield as is stated above, 70 percent. Adding 
to this the imports and subtracting the exports, it would leave for consumption in France, in 1880, 2,302,511 metric 
tons, or 2,538,081 tons of 2,000 pounds. 


COKING IN GERMANY. 


The introduction of the steam-engine into the mines and iron works of Germany in 1784 gave, as it did in 
other countries, a strong impetus to the development of its coal and iron industries, as also to the production of 
' coke. The first coke blast-furnace was erected at Gleiwitz, in Upper Silesia, in 1796. This was followed by the 
introduction of coke-furnaces in Kénigshiitte in 1802, in Hohenlohhiitte, which was the first private works, in 1805, 
and in the district of the Saar in 1848. 

The chief coke-producing region of Germany, as well as the source of nearly half its coal, is Westphalia. 
The coal-basin of this district, which is also called, after the river which runs through its southern part, the basin 
of the Ruhr, is about 70 Pilon ters in length and 20 kilometers in breadth (say 43.5 miles in length and 12.43 miles 
in breadth). In this space of about 650 square miles are raised more than 20,000,000 tons of coal annually —55 per 
cent. of all produced in Prussia, and about 49 per cent. of all produced in the Gernin empire. (a) There have 
been developed 74 workable seams of over 20 inches each, the total thickness of coal being 70 meters, or 229} feet. 
The coking coal belongs to the third group of seams, and includes 23 seams. Nearly all the collieries possess 
apparatus for separating and washing their coals. 





a The meeting of the British ren and Steel Tacente: at *Disseldort in 1880 was ae occasion of the presentation of a series of papers 
on the coal and iron industries of Germany. It is from Dec. Gustay Natorp’s paper on the ‘‘Coal Industry of the Lower Rhine and 
Westphalia” that most of the facts in this chapter are derived. 
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The percentage of ash, which varies in the coal between 10 and 15 per cent., is reduced by preparation to an 
average of from 4 to 5 per ponte even in the least clean descriptions, such as nuts and dust coal. 

While the larger deaeHiseione of the prepared product are used for domestic fuel and boiler and other industrial 
purposes, the dust coal, as well as the greater part of the smallest class of nuts, which are crushed for the purpose 
in disintegrators and mixed with the dust coal, are used for the fabrication of coke, and when manufactured from 
this mixture contains on an average from 6 to 7 per cent. of ash. 

For the manufacture of coke out of Westphalian coal there existed early in 1880 about 2,400 coke ovens at the 
collieries, 1,700 at the iron works, 1,200 in private hands; in all, 5,300. This number increased in 1880 about 500. 
By far the greater number of these ovens is constructed on the so-called Coppée system, which has, however, in 
late years undergone some improvements in the brick-work and in the volume of the oven. There are only 500: 
coke ovens on an entirely different system, approaching the English bee-hive in shape. While the Coppée ovens, 
and especially those of improved construction, coke from 6 to 7 tons of coal in 48 hours, with a production of 70 
per cent., the bee-hive ovens hold only 5 tons of coal, require 72 hours to coke the same, and produce from 54 to 60 
per cent. of coke. 


Although it is the opinion of some iron engineers that the coke produced in the bee-hive ovens is superior in many respects to that of 
the Coppée ovens, the former have, nevertheless, not been generally adopted, since a coke can be far more cheaply produced in the Coppée 
ovens, which answer all the requirements, not alone of our own native iron industry, but that of Belgium, Luxembourg, and France. (a) - 


The approximate number of ovens, quantity of Westphalian coal used for coking, and of the coke manufactured, 
is Shown by the following table: 























| 

| Coking works. pyiirpeslived Coalused. | Coke produced. 

| Tons. Tons. 

Met wOplseriod .--.. 60k. cee pee neem 2, 400 1, 530, 000 1, 020, 000 
2 ALON WOKS oa nincn bene ae cen 1, 700 1, 057, 500 750, 000 
Swe TIVAtGWOLKS. ob. ince asexieeiaae ee 1, 200 765, 000 510, 000 

Fig Ril o25 11 es eee 5, 300 3, 352, 500 2, 280, 000 

Per year and oVen: i: ssacsiees- eee Maecenas caeionae 633 430 





Through the kindness of Dr. Hermann Wedding I am enabled to give the following statement regarding the 
production of coke in Prussia. These statistics are not gathered officially, either as to the amount produced or as. 
to the number of coke ovens, but the following figures, derived from sources not official, may be considered very 





nearly correct : Tons. 

District.of .UpperiStlesiagccs 2.2. <n. oo ice aa sepee cre ce mene = aie Cocca ere ater oer ne ener ete ee 434, 199 
District: of, LiowerjSilestaicce sas is scien 2c \l<.~ 2 cae Siereeteieies eee ee ae oe eae eye ei ne : 127,596 
District of (Lower Westoliaie( Rohr district): 2. ose eee sor aetel oeke eepe ete ci aan er 2, 280, 000 
District of the Saar- - BEER GNG So) Siwleid men a! oo pice. cib cuae ee bie Sire SU Spe oI rc ales aN catia Tete ee nr eer a 
District of ‘Aim tape lle BE ay suwice ee, = snd. o nto tiled Sie tele CRE Apert St eheac Aen Celera SO ee a 18, 259 
District of \Oberki pele ese rete cee se 52S nin = Sl bye re eer eae ee Le tL te ea 32, 096 

Dota Sia oie te Ce ee Pe ete ce saa he he ce SN U Sola. oe, Se eens Heys eet te 3,397, 200 


In Upper Silesia the coal is somewhat inferior in character, and as a rule does not coke. However, some 
coking coal exists at Zabize, and from the slack from the mines at this place some coke is made in bee-hive and 
Belgian ovens. From the non-coking or poor-coking coals of the eastern district of Kénigshiitte, ete., coke, as a 
rule, is produced either in heaps or in open kilns. Large bee-hive ovens or closed kilns are used to a still less 
extent, and recently some Belgian ovens have been introduced, the coke made being for furnace use. The number 
of ovens or heaps is not known. 

Lower Silesia contains some good coking coal, which is coked in Belgian ovens, generally on the Coppée 
system, and is mostly for foundery purposes. A statoidan regarding the coking coals of Rhenish Westphalia is. 
given above. 

In the Saar district there are some good deposits of coking coal, but the coke made is not as good as that of 
Westphalia. Belgian as well as some Appolt ovens are used, as in Silesia. 

In Aix-la-Chappelle the deposits of coking coal are extensive. There are 257 Belgian ovens in use, with some 
ovens on the system Liirmann for poor coal. The cokes made in this district are for blast-furnace purposes. 

In Oberkirchen, where the coal is very pitchy, light, porous coke is made in open kilns, and is used mostly 
for lead and copper smelting. 

The designation of ovens in Germany is so peculiar as to demand a word of explanation. The terms used are 
open ovens, closed ovens, narrow ovens, and Appolt. The open oven is what we have termed the open kiln, the 
closed oven either the bee-hive or its modification, the rectangular oven, without flues, the narrow oven the 
horizontal Belgian oven, and the Appolt oven the vertical Belgian. 


a See Dr. Natory? S paper. 
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Nearly all iron works in the neighborhood of coal-mines have their own coke ovens and use the escaping gas 
to heat the boilers, but the greater part of the iron works situated at some distance from the mines purchase 
coke, while some is brought from Belgium. 

The total output of the coke works of Germany in 1878 is given in the Colliery Guardian at 5,403,392 tons. 
Prices have fluctuated considerably recently. At the beginning of 1879 furnace coke was quoted at 22s. a ton, 
a decline, as compared with 1378, of 16 per cent. In May, 1879, Silesian and Westphalian coke were quoted at 
Berlin at from 19s. to 20s. per ton. As showing the cost of freight, these same cokes were quoted at the ovens 
at from 7s. 6d. to 8s. 6d. In January, 1880, coke at Dortmund was quoted at 26s.; in February, at the same place, 
28s.; in April, at the pit, £1 8s. 3d., and in May, 1880, Westphalian coke at Hamburg was 50s. About this time 
speculation lost its power, and coke sold at the close of 1880 at from 9s. to 10s. per ton at the pits. 


COKING IN AUSTRIA-HUNGARY. 

Though some portions of Austria-Hungary are among the oldest iron-producing districts of the world, the 
small supply of coal of a coking character, and its distance from the best deposits of iron ore, have seriously 
interfered with the development of its iron resources, and consequently with the use of coke. The distribution of 
these two minerals is also such that the best ores and the good coking coal are not together. In the Austrian 
alpine countries, Styria and Carinthia, which are very rich in excellent iron ores, charcoal is at present almost 
the exclusive fuel used for making pig-iron. This section has no coking coal, and the long distances and high railway 
tariffs admit only of a limited use of coke from other sections and countries. In Bohemia, Moravia, and Silesia there 
are large deposits of good coking coal, but the ores are inferior to those of Styria and Carinthia. It was not until 
1838 that pig-iron was made with coke in this district, the first blast-furnace, which was also the first in Austria, 
having been erected at Witkowitz in this year; but since the year 1870 its use has become more general, and at 
present one-half of the production of pig-iron is with coke. 

It is in these provinces of Austria that nearly all the coke made in Austria-Hungary is produced, the chiet 
centers of production being Kladno and Pilsen in Bohemia and Ostrau-Karwin in Silesia. The coke from the latter 
district is an excellent furnace fuel. That from Kladno is used at the works of the Prague Iron Company, the 
most extensive coke blast-furnaces in the empire. The average yield of the coal of the Ostrau-Karwin district in 
coke is estimated at from 55 to 61 per cent. About 8 per cent. of the output of the district is coked. At present 
the production is limited by the high cost of transportation to the iron works. 

The manufacture of pig-iron in Hungary has advanced much in the course of the last few years, but a scarcity 
of suitable coking coal also prevails here. Of the 68 blast-furnaces of Hungary but one uses coke entirely, 
and one other part charcoal and part coke. Only small quantities of Banatian coal are made into coke, but this 
is excellent, and the yield is the highest in the empire. For the other operations of iron and steel making most 
of the fuel used is brown coal or lignite, of which Austria-Hungary possesses rich deposits of a most excellent 
character. There are, however, some deposits of coal of a coking quality well adapted for use in furnaces, and, 
though inconveniently situated in respect to the ore deposits, those metallurgists who know the country best are 
sanguine as to its availability in the near future. While some quite successful experiments have been made in 
producing coke from lignite, the amount made is quite small. 

The statistics of coke-making in this empire are very meager. The following quantities of coal were, according 


to Pechar, used for coke in the year 1876: 
Metric tons. 





SCAU et RUS ULNG beter ere os eee al eal oe a ae atlantis silat» alos) sever alain talsate cist tieie.cws > clciciny cc <= 30 126, 419 
Brpene IANS IStrict<..0. .. j.n se = wes ween’ algaraines pe - see ye YAO: elo ee AOE oa ee er 71, 973 
In the Pilsen district....-.-.--- Be Spates eee aye wie ainlel hws omens sia) e's ain ealmls/ai> ~\alo(cnie| = ==] =\a'n ols ns ole joa tiei si leis =) =i = 43, 281 
In the Schatzlar-Schwadonitz district ..-..----. Abbe osasen geek state ge Seoas sons aan CA eae eee decease 7, 340 
POG Vem IROSAL UZ OES UEC Uictec acm = = she = = enim ore de aie cl ei ete ia Easel miayelmicinlale cigs Sinem ee oes ep Bea dee Oo 7, 129 
Jul TES SOWA 3 eS Ae is See SBC en ae thsd 6 oH Sge Me SE Son ne: SO SISO CI Gen Cera E OMe nese aa Sra oee 2, 974 











Assuming the yield to be 58 per cent., this would make a total production of about 150,287 metric tons. 


From another source the following statement of the make of coke in Austria in 1878 is given: 
Metric centners. 





Ea Co a gk YES Ig See aon Se ng oe a te eel lee tats ead did cia/ets (aia n'ai, «i= <im'=) 6 disieie'=-2 Wi siciw sl aie sims 1, 192, 566 

RSC rar een eae 1 Nn eee Ce OE. nyse eRe eS Dee eRe ois5 cle clan law a'anpeunielonis noe 574, 026 

By bet nm Se eres sey fog Soe ort Ag Uc. Jnl Se See meee Se oe toe. Lian S cei oese cece care enas 1, 073, 445 
GTEC ra | ee re nei ee Sr a ee iy, aA on EE aye ee ae cio inia clauinia ore an einai gelicie.s/a «'aie 2, 843, 037 


or 175,503 net tons, a result that does not differ much from the production estimated above. A portion of this, 
some 13,400 metric centners, was exported in 1878 to Prussia and Russia. 

The same causes that result in a high price of coke and fluctuations in the price in other countries rule in 
Austria, though the high price is more largely due to the heavy cost of railway carriage. In 1879 coke cost, 
delivered at Loeben, 17 florins 40 kreutzers, or, at 48 cents the florin, $8 48 per ton, and at Bordenberg 16 florius, 
or $7 68, : 
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COKING IN OTHER EUROPEAN COUNTRIES. 


But little coke is manufactured in continental Europe outside of the countries already named, viz, Belgium, 
France, Germany, and Austria-Hungary. In the other states the coal is either non-coking or is so situated with 
reference to transportation, ores, and centers of demand that it is more economical to use other fuel. In Norway 
no coal is mined; in Sweden the only coal worked is in the-Lias, and is non-coking. There are a few coke 
ovens, less than ten, at Stockholm, which make coke from English coal and its slack, for use in small passenger 
river steamers. As no coke is used in the Swedish blast-furnaces, the demand is very small, and, with the 
exception noted, is supplied from England. Denmark proper has no coal-beds. There are two small mines in 
the island of Bornholm, a dependency of Denmark, but the whole output is used on the island, chiefly in the 
manufacture of brick. Lignite is also found in Iceland, but no coke is made from it. Russia has very extensive 
deposits of coal, some of which is well adapted to coking, but the immense forests of this empire furnish such 
boundless supplies of charcoal that most of the iron is smelted with this fuel. The means of transportation are 
also so inadequate and expensive that it is cheaper to purchase iron abroad, and as a result, the demand for coke 
iS light, and but little is made. The Donetz coal, which is coked to some extent, yields from 51.75 to 81.99 per 
cent. in coke. In Holland coal is found only in the province of Limburg; but the output is insignificant, and no 
coke is produced. Coal is found in many places in Turkey and Greece, but very little of it is mined and no coke is 
made, though some of it is of a coking character, and many deposits of iron ore exist. The coal deposits of Italy 
are mostly lignite, and of Switzerland anthracite and lignite, little or no coking coal being found. In Portugal 
there are but two coal-fields worth mentioning, and no coke is made. 

But little is known of the production of minerals in Spain, with the exception of iron ore, and that little not 
of recent date. The Spanish coal-basins are of considerable importance, furnishing some coal adapted to coking, 
and, on the whole, are well situated with respect to outlet, the deposits of iron ore being among the most extensive, 
richest, and purest in the world. Notwithstanding these natural advantages, however, Spain imports fully half 
the coal she uses, and exports nearly all the iron ore, instead of working it into the various forms of cast and 
manufactured iron. Some pig-iron is made in Spain with coke, chiefly imported, however, but the fuel generally 
used is charcoal. Probably the main obstacle in the way of the development of its coal, and, consequently, of its 
coke industries, is the lack of transportation in the interior of the country. In 1872, in the province of Cordova, 
5,717 metric tons of coke were produced; in 1871, 4,707 metric tons; and in 1870, 2,589 metric tons; but as the estimated 
annual consumption of coal in the iron and metal industries of Spain is 500,000 metric tons, this is probably below 
the actual make. 

At the close of 1882 there were in Spain five coke works. At one of these, that of Sociedad Anénima, at 
Mieres Asturias, three methods of coking were used. 

First: A bank (macizo) of 40 furnaces, Smet system (Belgian), with a capacity of 3,000 kilograms each of 
washed coal. The burning lasts 40 hours, and a yield of 60 per cent. is obtained. 

Second: A bank of 30 ovens, similar to the Coppée, but modified by the society. Each oven holds 3,000 
kilograms of coal, and yields 63 per cent. in 30 hours. 

Third: Beade this, some 7,000 or 8,000 tons of coke are produced annually in heaps in the open air with the 
same class of coals, but in this system ANS yield does not exceed 48 per cent. 
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Part IV.—COAL, COAL-WASHING, ETC. 





COKING AND NON-COKING COALS. 


Certain kinds of bituminous coal when heated to a temperature varying somewhat with their character swell, 
become pasty and sticky, and throw off bubbles or jets of gas, which burn with a bright flame as they escape 
into the air. When lumps or particles of these varieties of coal are thus heated to the pasty condition they 
lose all traces of their original form, appearance, and structure, and unite into a coherent mass, or, in technical 
language, are said to “ coke” or “cake”, and the coal which thus cokes or cakes is termed a “ coking” or “caking” 
coal.(a@) On the other hand, a non-coking coal (b) is one that, under similar treatment, either coheres feebly or not at 
all, the forms of the original particles or lumps being clearly distinguishable. The solid product or the carbonaceous 
residue of the burning or heating of both the coking and non-coking coals is termed “ coke”, though in the arts this 
word is generally applied only to that coke which is made from true coking coal, or from admixtures of non-coking 
coal in proper proportions with coking coal or pitch, by which a firm coherent coke can be produced. 

It is important to distinguish clearly between what may be termed “industrial coke” and “ crucible” or 
“laboratory coke”. The latter is the coke produced in a small way in the laboratory of the analyst, and includes 
not only the carbonaceous residue obtained in the analysis of coal, but that from pitchy and other carbonaceous 
substances as well. ‘ Industrial coke” includes only the firm coherent cokes made from coal on a large scale for use 
in the manufacturing or industrial arts. The percentage of carbon and other elements in “industrial coke” and 
“laboratory coke” from the same coal will differ very materially, owing to the difference in the methods of 
manufacture and the greater care exercised in the production of the latter. It is important, therefore, in making 
comparisons of the analyses of different cokes and the yield of coal in coke, to know that the cokes were made in a 
similar manner, industrial coke being compared with industrial coke and laboratory coke with laboratory coke. Any 
comparisons of the analyses of industrial with those of laboratory cokes will be misleading unless due consideration 
is given to the fact that they are not made in the same way, and unless the necessary deductions are made. Much 
costly disappointment has arisen from a failure to make this distinction. 

Industrial coke can be broadly divided into two classes: “oven coke,” or that made in ovens, pits, or mounds, 
aud which is a direct product, the manufacture of coke directly being the object of the carbonization of coal; and 
‘eas coke”, or the solid carbonaceous residue of the process of manufacturing gas. In this report I deal chiefly 
with that termed “ oven coke”, and unless otherwise specially noted the word coke will be synonymous with * oven 
coke”. 

Coke is not the result of simple fusion, the temperature necessary to produce it being above that at which 
the coal suffers decomposition. In the process the volatile bodies are driven off and a portion of the non-volatile 
compounds are decomposed, their carbon becoming to a great extent fixed, their hydrogen and oxygen being 
dispersed. The earthy and non-volatile substances of coal and those not decomposed by heat are nearly all found 
in coke. 

The coking power of different coals differs greatly, and the quality of the coke made under different conditions 
and in different ovens from the same coal will show marked differences of character as well as of economic efficiency. 
A coal that in its natural state will make a very poor coke will, when crushed and washed, sometimes give very 
good results. (¢) Some coals that are practically non-coking when treated in the usual way, will, when rapidly 
exposed to a high temperature, give a fairly solid, hard coke. (d) It is therefore evident that something beside 
analysis or a trial in a single oven is necessary to determine whether or not a given coal is adapted to the making 
of coke. Analysis will. give some indication of this fact, and the character of the laboratory coke obtained from 
the coal still further indications; but the most satisfactory evidence of the value of a coal for making coke is given 
by a practical tria] in ovens or pits, and even then, in case of failure, it is not fully settled but that in different 
ovens, under different conditions of preparation and coking, different results might not be obtained. 

These uncertain relations between coal and the character of its coke have led to many investigations, having 
for their object the determination of the element or elements upon which its coking properties depend. In a 
general way, if can be said that as a coal approaches the vegetable on the one hand and the anthracite on the 
other it loses its coking qualities; but so far investigation has failed to show which is the element or elements the 
presence or absence of which in a greater or less degree determine its value in coke-making, or has failed to show, 
if it is not so determined, upon what the coking power of a coaldepends. It certainly is not the carbon, nor is it 
the amount of volatile matter, for the non-coking coals contain these in the largest amount. With this uncertainty 
as to what is the element on which coking depends, analysis would of course fail to show the value of a coal for 





a The terms “ caking” and ‘‘ cake” are used much less frequently in this country than in Europe. 
b “ Free-burning” and ‘‘non-coking” are synonymous terms, as are ‘‘ binding” and “coking”. 

e See Second Geological Survey of Pennsylvania, Report KKK, page 200. 

d See Percy’s Metallurgy : Fuel, page 309. 
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the manufacture of coke. Indeed, Professor Stein, of the polytechnic school of Dresden, has shown that coals 
having the same ultimate analysis may in the one case be coking and in another non-coking.(a) The same has 
been noticed of American coals. Mr. J. J. Stevenson, of the geological survey of Pennsylvania, notes that the, 
coal of the Conemaugh is apparently the same as that obtained on the Youghiogheny. The coke of the latter is 
compact, silvery, and retains its luster for an indefinite period, whereas that from the Conemaugh is comparatively 
tender, dull-looking, and on exposure soon loses its little luster.(b) Mr. John Fulton, mining engineer of the 
Cambria Iron Company, gives the opinion that “ordinary analyses fail to indicate the essential qualities of a good 
coking coal”. It has sometimes been claimed that it is the amount of hydrogen and oxygen, or the relation of the 
amount of oxygen to the carbon, that determines the coking qualities of coal; but both Percy and Fulton refuse 
to accept this, and suggest that the coking properties of a coal depend, not on the elements or their proportion, 
but rather on the presence of different kinds of bitumen, or, in other words, on the manner in which the elements 
other than the ash are combined; that is, on the proximate, not the ultimate, analysis. Considering the difficulty 
of reaching the true proximate analysis, it will still hold true that the only sure way of determining the adaptability 
of a coal to the manufacture of industrial coke is to try it and study the result. 

It also appears that, in addition to this uncertainty as to the coking value of coals, judged by their analysis, 
there are other conditions that materially affect this property. For example, some coals speedily lose their power 
of coking after leaving the pit: in some oases after the expiration of one or two days; in others, after having been 
exposed to the weather for some weeks or months. In other cases, coals from pits in which fire-damp occurs 
lose their coking powers on exposure to a certain temperature (300° C.). It has also been noted that while the 
presence of a large amount of inorganic matter, or what would be the ash, in the coke diminishes, and beyond 
certain limits destroys, its coking qualities, yet examples are not wanting in which a coke with as much as 21 
or 22 per cent. of ash has retained its coking property. ; 

The following analyses, in addition to those found in other parts of this report, will show the composition of 
the coking coals of Great Britain and the continent of Europe that are used in the manufacture of industrial coke. 
“When not otherwise stated, the yield and composition of the coke given is of laboratory coke : 
BRITISH COKING COALS.* 









































































































































COMPOSITION, EXCLUSIVE OF 
e COMPOSITION, EXCLUSIVE OF WATER ONLY.t NITROGEN, SULPHUR, ASH, 
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| 
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Si iewaere GO \hcckos vs ose tinting cae nere cee 1. 259 78. 69 6. 00 10. 07 | 2. 37 1.51 1,30 \cecceeaeeenore 4LBSse 83. 05 6. 33 10. 62 
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6 | Blaina, South Wales .......--------- REI see 82. 56 5.36) 8.22 1.65 0.75 WAG lace. la eel 85.88| 5.57 8.55 
0h Bae G0s2---c0fie eevee ee Same at 83. 44 TLL 5.98 ane 0.81 OWE aris Pete 87.77 6.00 6.23 
hy iby ona Ho! Socrates ee eee ‘peas 83. 00 6.18| 4.58 1.49 0.75 dO: [Booduee se ioer eens 88.53; . 60 4.88 
* Percy’s Metallurgy: Fuel, pages 322 and 323. t The nitrogen, when not quantitatively determined, is included in the number indicating oxygen. 
t The water is included in the case of No. 5. § Includes nitrogen and sulphur. : 
COKING COALS OF THE CONTINENT OF EUROPE. 
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a See Percy’s Metallurgy: Fuel (London, 1875), page308. —-b Report KKK, pages 199 and 200, Second Geological Survey of Pennsylvania. 
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As has already been indicated, neither the composition of a coal nor the analysis of the coke made from it in 
the laboratory is an unfailing evidence of its value as a coking coal or of the character of coke it will make. The 
quality and some of the properties of coke depend, not only upon the composition and character of the coal from 
which it is made, but also upon the manner in which the coking process is conducted, upon the oven used, and in 
some cases upon the previous preparation of the coal. In view of this, it is especially true that the only way to 
judge properly as to the value of a coking coal is first to study the character of the coal to be coked and endeavor 
to adopt the plan best suited to its character, and then try the plan and study the coke. 

It should also be borne in mind that the yield of coke, as shown by analysis in the laboratory, is generally in 
excess of the actual yield in the oven. The laboratory coke made from Connellsville coal in one of the analyses 
given is 68.633 per cent., but the actual yield in the bee-hive ovens in the Connellsville region, as shown by the 
reports to the special agent, is from 62 to 67 per cent., averaging about 64 per cent. Some samples of the Miller 
coal at Bennington, Pennsylvania, yield theoretically, or in the laboratory, 77.25 per cent., but the actual yield, 
when coked in open pits, was 59.10 per cent. This discrepancy between the theoretical and the actual yield is due 
largely to a partial consumption of the carbon of the coal in the process of coking. For example, in coke made from 
Connellsville coal,in which the amount of carbon in the coal used was 59.62 per cent., which amount should have been 
found in the coke if none had been burned, the actual carbon was but 54.25 per cent., the ash and the sulphur being 
the same in both the laboratory and the industrial coke ; in other words, but 91 per cent. of carbon was found in 
the coke. In the Miller coal at Bennington, above referred to, the carbon found by analysis was 68.50 per cent., 
whereas the actual amount found in the coke was only 50.35 per cent., or but 734 per cent. of the amount of carbon 
actually in the coal. It would therefore follow that by those methods of coking in which the air is the more 
perfectly excluded from the oven less of the carbon of the coal would be consumed in the process of coking, and 
consequently the yield of the coal in coke would be greater. This is borne out in actual experience. As, for 
example, the Miller coal above referred to, when coked in open pits, yielded 50.33 in a possible 68.50 per cent. of 
fixed carbon, or 73.5 per cent., whereas the same coal coked in a Belgian oven yielded 61.25 in a possible 68.50 per 
cent. of fixed carbon, or 89.4 per cent. of the amount of carbon in the coal, showing a loss of but 10.6 per cent. of 
the fixed carbon when coked in the Belgian oven, as compared with 26.5 per cent. when coked in open pits. 
These facts show again the necessity of not depending fully on analyses, and also the importance of having careful 
practical trials made before deciding on the manufacture of coke. 


PROPERTIES AND COMPOSITION OF COKE. 


Industrial cokes differ greatly in their external appearance, their physical character, -and their chemical 
constitution. In external appearance coke may be light gray and bright, or, as it is generally termed, *“ silvery” or 
of ‘‘ metallic luster”, or it may be dull and black. Occasionally it is iridescent. Itis generally rough surfaced, but 
sometimes, especially that portion of a charge near the walls of the oven, it is smooth and glassy, having the 
appearance of polished graphite. Sometimes also hair-like threads are observed on masses of ordinary coke. 

Inits physical structure it may be porous and light, or compact, dense, and heavy; hard and capable of sustaining 
a high crushing and compressive strain or load, or soft and brittle, with a low crushing point and compressive 
strength. Its “ring” or sound, when struck, is in some samples almost metallic, and in others dull and heavy. Its 
degree of combustibility, as well as its ease of ignition, also varies. 

The terms “dense” and “hard” as applied to coke have a special meaning that should be carefully noted. 
All coke is more or less cellular in its structure. The less the cell space the denser the coke; the greater the cell 
space the more porous; that is, “dense” and ‘ porous” are opposite conditions. Hard is a term properly applied 
to the cell walls of the coke, and not to the cell space, and coke is hard or soft as the cell walls are hard or soft. 
Coke may, therefore, be very dense and not hard; that is, its cell space may be small and the walls of the cells 
weak, or if may be porous and hard, or its cell space may be large and the walls hard and strong. Physically, 
the typical coke for blast-furnace use should be bright silvery, hard and porous, with a metallic ring, and some of 
these conditions of physical structure are of more importance in determining its value than has been generally 
apprehended, and are deserving of more careful consideration than has usually been given them. It is no doubt 
jmportant that the amount of certain of the chemical constituents of coke should be as high, and of others as 
low, as possible; but it is equally true that for certain purposes, for iron-smelting for example, unless certain 
physical conditions exist, the coke is comparatively useless. The content of carbon may be the highest and of ash 
and sulphur and volatile matter the lowest; but if the coke is soft and brittle its value as a furnace fuel is very 
small. A dense coke, or one with a small amount of cell space, other things being equal, is within certain limits 
inferior to one that is porous or with considerable cell space; while p hard coke, or one in which the walls of the 
cells are hard and strong, is superior to one in which the cell walls are brittle and weak. The importance and 
bearing of these physical properties of coke will be treated of in later pages. ; 

In its chemical composition coke is essentially carbon and ash, which is the fixed, inorganic matter of the coal 
from which itis derived. It contains also hydrogen, oxygen, nitrogen, phosphorus, and sulphur, and, in the coke 
of cummerce, more or less water. All of these constituents, with the exception of the carbon, are impurities, and 
the value of cokes of the same physical structure is inversely as the amount of these impurities. 
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In an analyses of coke the impurities are usually grouped under the general terms ash, volatile matter, sulphur, 
and in some cases other impurities are given separate from the ash. Ash is the unburnt and unvolatilized residue 
of the complete carbonization of coal or coke. Its chief constituent is silica, with considerable alumina and 
sesquioxide of iron. In the description of the Connellsville region of Pennsylvania an analysis of coke by Mr. F. 
C. Pechin is given, in which there is 9.523 per cent. of ash. A complete analysis of this ash is as follows: 
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The chief objection to most of the impurities is their reduction of the calorific value of coke. The phosphorus 
and sulphur, however, exert a decidedly deleterious effect upon the iron if coke is used in furnace or cupola work. 
For these reasons cokes that are low in ash, if high in either of these ingredients, are of but little value. 

The amount of water in coke is also an important consideration, and all commercial cokes contain more or less 
of it. As cokes are usually dried before analysis, analyses do not usually indicate the amount of water present 
in the coke in the condition in which it is supplied to purchasers. It should not exceed 2 or 3 per cent., but at 
times it is as high as 5 or 6 per cent. As the presence of water reduces the value of coke as a fuel, it should be as 
low as possible. This water comes chiefly from that used in quenching the coke, and it is therefore of the greatest 
importance that some method should be used which shall leave the least water. The evidence seems to indicate 
that coke quenched in the oven, as in the bee-hive plan, contains less water than that quenched outside, as in the 
Belgian. 

The amount of oxygen in coke is also a very important consideration, especially if it is to be used for smelting 
iron, where the process is essentially the combination of the oxygen of the ore with the carbon of the coke; and if 
the coke has already absorbed a portion of its oxygen, its heat value is reduced to that extent. Cokes that, so far 
as ash is concerned, would seem to be of a fair quality are, more frequently than is supposed, really inferior fuels, by 
reason of the presence of water, oxygen, and other substances, which not only reduce the percentage of carbon, but 
in some cases require the expenditure of a portion of what remains in the coke to expel the injurious elements. 

From what has been said, it is evident that when it is necessary to arrive at the approximate true value of a 
coke, without actually testing it in furnaces, which is oftentimes expensive and sometimes involves great risk, not 
only is a thorough analysis necessary, but a most careful consideration of its physical structure should be made. 

In various parts of this report, especially in the chapters on ‘“* Coking and Non-coking Coals” and those devoted 
to the coals and cokes of specified localities, a number of analyses of coke are given. In this place it is only 
necessary to bring together analyses of certain of these cokes that may be regarded as types, giving here only 
analyses of industrial cokes, or those made commercially, and not in the laboratory. It is not claimed that these 
analyses are of the best specimens, or of average specimens even, unless so stated, and it is fair to presume that 
parties in selecting specimens for analysis would not select the poorest. 


ANALYSES OF EUROPEAN INDUSTRIAL COKES. 
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ANALYSES OF AMERICAN INDUSTRIAL COKES. 
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COAL-WASHING. 


“Coal-washing,” so called, is, strictly speaking, not washing, but the separation or classification of the coal 
and its impurities so far as the latter are mechanically mixed with the coal and can be separated from it. To 
accomplish this separation advantage is taken of the different specific gravities of the coal and of the schist, pyrites, 
and other minerals that form the impurities. The action of all coal-washing or coal-cleaning appliances depends 
upon this difference. 

It will be evident that the problem of coal-washing is an extremely complicated one. The specific gravity of 
the coal itself as it comes from the mine varies greatly, that from the same pit and the same lump varying 
oftentimes from that of pure coal to that of shale, while the shale or schist presents all the intermediate gravities 
from that of schist to that of coal. In washing jt is evident that the denser coals and lighter schists would be 
classified together, and thus the object of cleaning would not be accomplished, or the process would be so wasteful 
as to make the washing a commercial failure. 

The problem is still further complicated by the impossibility of securing a uniformity in the sizes of the 
particles of the coal. In washing it is necessary that the particles to be treated do not exceed a certain size, which 
varies somewhat with their character. Preliminary screening, and in some cases crushing, are therefore necessary, 
but after such screening there will be certain sizes smaller than the mesh through which it has passed, including 
considerable dust. This dust will be carried away with the water, and is either wasted or requires some arrangement 
for settling and collection, while the difference in weight of the different sizes causes the heavier pieces to arrange 
themselves with the lighter impurities. In addition to these difficulties, some coals are of such a character that 
washing, though necessary to remove slate and similar impurities, is so wasteful of the coal and certain constituents 
of the same as to forbid its use. As is explained in the portion of this report treating of Ohio coke, the Steubenville 
coal is not washed, because of the large amount of ‘mineral charcoal” contained in it that would be wasted in the 
process. The same is true of some coals poor in hydrogenous matter. 

It will be evident from the above that coal-washing is an operation that does not admit of any definite rules 
suitable for general application with absolute reliability in all localities, and the advisability of washing and the 
method to be employed are subject to variations dependent upon the collieries, the localities in which they are 
situated, the commercial conditions affecting them, and the amount of water available. It is thus evident that 
coal-washing, in the language of M. Marsaut, “is a function of a great number of altogether independent 
variables, among which no sort of connection exists.” For this reason it cannot be expected that any one washing 
apparatus can prove perfectly satisfactory for all cases. 
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In this report it will not be possible to enter into a full discussion of coal-washing, but only to indicate in a 
general way its principles, methods, advantages, and disadvantages. (a) 

In Germany the cleaning of coal is done to some extent by the use of air. The coal, first crushed quite small, 
is fed into a strong inclosed current of air, the larger and heavier'particles being first deposited by the winnowing 
and the smaller and lighter carried farther on. This process could, no doubt, be economically adopted in sections 
where water is scarce, and perhaps with some coals that would be hurt by cleaning with water. 

Though the method by air may be used in exceptional circumstances, coal-washing is generally done by the 
use of water. The washing or separation is effected either— 

First, by arunning stream of water, carrying the materials along with it and depositing them according to their 
specific gravity ; 

Second, by the fall of the materials through water ; or, 

Third, by the action of an upward current of water. 

In most recent works on coal-washing the first method is ignored, as being too antiquated and wasteful; but 
as this plan of washing by a stream of water in boxes or sloping spouts or troughs is still largely used in England, 
and is regarded with great favor, a description is given, though the process is wasteful, and can only be used to 
advantage where water is plenty and coal cheap and dirty. 

The accompanying cut shows in plan and section one form of the trough-washer. (b) 

The method of operation of this trough or channel will be readily seen. The trough is constructed of wood, 
varying in-length from 30 to several hundred feet, in width from 2 to 4 feet, and in depth from 12 to 15 inches. 
This trough is divided into compartments by means of cross-boards or flash-boards from 4 to 6 inches high and from 
10 to 25 feet apart. A screen of wire-cloth or perforated sheet-metal is placed at the lower end of the trough for 
separating the washed coal from the water before the coal reaches the car or hopper in which it is shipped. Sliding 
gates are provided in the sides of the trough for clearing it from stones and other impurities. The operation is as 
follows: The slack coal, with a large and constant stream of water, is introduced at the upper end of the channel. 
By the Ban of the water-current the fragments of coal, having a lower specific gravity than the impnrities, are 
carried down and over the steps, while the impurities find their way to the floor of the trough, and are kept back by 
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Fig. 4.—Plan and section of trough-washer. 


the cross-boards. To prevent the larger pieces from becoming too much mixed with the impurities, especially 
behind the steps, the material is stirred with poles. These operations are continued until the bed of the channel 
above the cross-boards is filled with impurities to near the top of the boards, when the inlet of slack is stopped. 
The water is kept flowing and the material stirred from the upper dam downward until all the coal has been floated 
away, leaving only the impurities at the bottom of the trough. Then the sliding gate near the screen is opened, and 
communication with the coal-hopper is closed and established with the outside. The steps are removed, commencing 
with the lowest one, and the channel is washed out to be ready for a new round. The cleaning of the trough has 





a rT ivone pes be investica vting this niece farther are Leb to Rittinger’ 8 Lehrbuch oe Aufbereitungskunde, Ernst und Korn, 
Berlin, 1867, M, Marsaut’s treatise reprinted in Engineering, London, vol. 29, 1877, and to Coal- Washing Machinery, by 8S. Stutz, 
Pittsburgh: 1881. 

b For this and the cuts of the Hartz jig I am indebted to Mr. David Williams, of the Tron Age, New York. 
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to be repeated every three or four hours, varying with the amount of impurities in the coal, and during this cleaning 
the process of separation is interrupted. The effectiveness of this washer depends largely upon the carefulness 
of the workmen. 

According to Mr. Stutz, the amount of coal that can be washed in a day in a single trough from 40 to 50 feet 
long varies from 2,000 to 3,000 bushels, according to the amount of impurities. About five men are required, 
and, estimating labor at from $1 to $1 25 a day, the expense of washing per ton is from 10 to 12 cents. The volume 
of water used is very large; it may be estimated at from 300 to 400 gallons per minute for a single trough. 

In the cut on the preceding page H is the coal-hopper, from which the slack is let into the trough 7, water being 
supplied by the pipe P, flowing down over the steps s, carrying the coal with it over the screen S into the car OC. 
The water, after passing through the sieve, passes out by the drain D to catch-tanks, where the fine coal is allowed 
to settle. The gate g at the side of the trough is used for removing the impurities which drop into the car 0’. 

In the washers most commonly in use the separation is accomplished by the action of an upward current of water, 
or by washers of the third class, and in constructing them for the cleaning of a given coal it is important to know 
and regulate two things:: 

First, the size of the pieces of coal to be operated upon. 

Second, the speed of the upward current of water. 

Herr Rittinger, who has so fully investigated the mechanical dressing of ore, has shown that if spherical 
pieces or grains of any substance of different diameters and different densities are allowed to fall through still 
water they severally acquire in an exceedingly short time a limiting velocity of descent, which thenceforth continues 
uniformly for each separate piece respectively. By-a series of calculations and experiments he has deduced a 
formula giving the mean uniform velocity of irregular-shaped pieces of any substance, coal in particular, when 
falling through water or when subjected to the action of an ascending regular current of water. This formula is: 

Velocity in feet per second = 1.28 Y D(d—1), d@ being the density of the material and D the diameter of the 
mesh riddle or screen, or virtually the diameter of the pieces to be operated upon. From this formula tables can 
be deduced showing the rapidity of the fall of coal and its impurities when these are known for a given coal, which 
will indicate what must be the sizes of the coal to be operated upon, and consequently the size of the mesh of the 
riddle used in separating prior to washing. 

This will also indicate the velocity of the upward current of water, as it must be proportioned to the size of 
the material treated. M. Marsant has shown that if a mixture of coal, slate, etc., is subjected to the action of an 
ascending current of water the following conditions may occur: a 

1. The speed of the upward current may be exactly equal to the limiting velocity of fall of the pieces of coal 
or.other substances through still water, in which case the corresponding fragments will remain stationary. 

2. The speed of the currei!tt may be greater than the limiting velocity, and in this case the fragments will rise 
with a velocity equal to the difference. 

3. The speed of the current may be less than the limiting velocity of the pieces, and in such case the latter 
will fall with a velocity also equal to the difference. 

In all cases, however, the formula of Rittinger is applicable. 

It is evident that the velocity of the upward current should neither exceed nor fall short of certain limits. A 
current too strong will interfere with the classification, while a velocity inferior to that of the larger or denser 
fragments of coal will be incapable of separating the latter from the surrounding pieces of slate. It is also 
necessary that the upward current be uniform throughout the whole of the mass of material, since differences in 
this respect at particular points will produce unequal displacement of pieces, which otherwise would fall with equal 
velocity. 

In the action of the washers about to be described the coal is fed upon screens, and the upward current permits 
of the arrangement according to gravities and in accordance with the law of Rittinger. ‘The particles do not have 
the same independence of motion as when falling through water isolated from each other, but any interference is - 
obviated if sufficient time and space are given for the action of this intermittent current. 

M. Marsaut divides coal-washing machines into three principal classes: 

1. Machines in which the water absolutely filters through the coal to be washed. ‘This is the case of the old 
piston or Hartz jig in its different forms, whether worked by machinery or by hand. 

The filtering action of the water comes fully into play in this machine, and slack of poor quality may be treated 
to advantage, since the action caused by the back suction is brought to bear upon the fine particles of impurities 
forming the slimes. For this very reason, however, it causes a serious loss of combustible matter in the shape of 
fine coal, and the apparatus is therefore wasteful. 

We give on page 76 cuts of two forms of the Hartz jig, in one of which the coal is removed from the sieve by 
- rakes or by hand (Fig. 5), and in the other by the revolving scraper R (Fig. 6). The operation of these machines 
will be readily understood from an inspection of the drawings. 

The water flows into the settling-tank through the pipe p, and by the action of the plunger P is givena 
reciprocal motion, which forces it up through the sieve S, into which the coal is let from the hopper J, in Fig. 1. 
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As the water flows over the delivery bridge ), with each stroke of the piston it carries with it into the channel ¢ a 
certain amount of coal. By means of the screw a, the impurities are let into compartment d, through which they 
reach the outside through the opening e. As is 
already explained, this process is somewhat waste- 
ful. Mr. Stutz estimates that from 150 to 200 bushels 
per square foot of surface of screen can be washed 
per day of ten hours, requiring a volume of water of 
from 5,000 to 6,000 gallons, or from 30 to 35 gallons 
per bushel of wasted coal. Generally two men are 
sufficient to wash from 2,500 to 4,000 bushels per 
day, making the expense from 3 to 5 cents per ton. 

2. Machines in which the filtration of water 
through the material is either entirely or partially 
obviated, aud in which a continuous or intermittent 
ascending current of water produces the separation. 

These washers possess the great advantage over 
the former class of machines of effecting a more 
complete separation, and thus the loss of fine coal is 
reduced to a minimum. They also require far less 
driving-power for their working. Great improve- 
ments have been made in the arrangements of some 
of these machines, in view of the quantity of washed 
coal produced and in the economy of attendance; 
but here I may state that at some places the free 
delivery or overflow of the washed coal is the source 
of the greatest trouble, as the machine is pushed 
and made to deliver more than can be properly 
washed. The discharge by the overflow being con- 
trolled by the quantity of water let into the machine, some machines are forced to turn out deuble the intended 
amount, and the consequence is that the coal is badly washed. A certain time is of absolute necessity to obtain 
a good cleansing, and the quantity of washed 
coal has a direct and invariable relation to the 
surface of the sieve of the washer. 

An illustration is given on page 77 of the 
Stutz form of this class of machines, most 
largely in use in this country. 

Two wooden boxes, A and B, strongly 
bolted together by tie-rods and flat iron bands, 
contain, respectively, the sieve S and the 
plunger P. The water is taken into the ma- 
chine by the pipe g, and the current is pro- 
duced by ineans of the plunger P and a differ- 
ential cam, C, and its action may be easily regu- 
lated to suit the size of any substance. In 
this apparatus the yoke of the cam C is con- 
nected with the plunger-rod by a swiveled 
screw-nut, and can be raised or lowered, ac- 
cording to the current required. ‘This is done 
by the hand-wheel kh. F is a spring-buffer, to 
limit the downward stroke of the plunger, and 
» are valves to prevent the filtration or back- 
suction of the water. The arrangement of the 
curved partition ” has for its object to direct 
the fresh water upward through the sieve and 
the layer of the material, and to prevent its being mixed with the slimy and muddy water of the lower portion of 
the box A. Coal is brought upon the sieve from the bin J by passing below the gate b. At each fall of the plunger 
P,a certain volume of fresh water being driven through the openings of the valves v into the box A, a sudden rise of 
the water-level and the layer of the material is thus produced, causing an equal volume of water to flow over the 
bridge m into the channel ¢, carrying with it an amount of pure coal. Before leaving the washer the mixture of water 


























Fic. 5.—Hartz jig. 




























































































































































































Fie. 6.—Hartz jig, with revolving scraper. 
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and coal passes over a drying sieve, 7, leading the coal to the elevator buckets, while the water goes out through 
the meshes of the sieve and flows out below. By their greater density the pieces of slate, sulphur, etc., form the 
layer immediately upon the sieve S, and, being forwarded at the same time as the coal, will pass through the valve 
H into the slate-chamber NV. The inlet of the slate into the valve His regulated by the lever d, according to its 
percentage. From the chamber V the impurities are let to the outside of the gate 0, worked by the lever J, and 
reach the trough t, from which they are carried away by the waste water. The fine particles of slate, etc., forming 
the slimes, settle below the partition n and are discharged by the valve k. The use of a differential cam for the 
working of the plunger allows the material after each stroke the necessary time to deposit, according to gravity. 
An eccentric or crank cannot produce the same movement. The usual size of the sieve is 3 feet by 4 feet 6 inches, 
or by 4 feet 9 inches, hence its surface is 134 or 144 square feet. Washers with one or more sieves are constructed. 
An apparatus with two sieves of the above dimensions can prepare from 200 to 300 tons of slack per day of ten 
hours. The amount of water required varies from 12 to 25 gallons per bushel (76 pounds) of coal, and sometimes 
even more, according to the percentage and nature of the impurities contained in the material. 

Mr. Stutz estimates that from 3,000 to 4,000 bushels of coal can be washed per day in this machine with a simple 
screen. At the works of Charles H. Armstrong & Son, at Pittsburgh, an apparatus of two screens 3 by 4 or 44 feet 
washes daily from 6,000 to 7,000 bushels. A 4-gallon pump, running at from 50 to 60 single strokes per minute, 
furnishes the necessary water, thus giving from 20 to 25 gallons of water per bushel of coal. 

The labor needed to the above amount is: 





One man attending enginesand! washing-machine, at... .. =. Ssajoee eens eet ore one ote Soe areata ee cee eee ee $2 50 
One man “attending to bollers, etc.) abs.-2 -. 3c. 22 oo oe BSAC DOD TOA OE ER OOOSE Ctr Sapp termes 1 25 
Total sete cg sek «plese Sei) 62h Ue Seis) a0 leche a ole mere oie RE eRe Sree tS ag aera ead eet te ch ot ote 3°75 


or from 13 to 2 cents per ton. , 

At the works of the Colorado Coal and Iron Company, near El Moro, in Colorado, where the coal is crushed 
and washed in this machine, the cost of crushing and washing 200 or 250 tons daily is from 44 to 53 cents, as will 
be seen from the following statement, the amount washed being, as above given, 200 or 250 tons: 





Interest per day .on-$12,000'at' 10 per cent. per annum 2... 2,-1.0... seseeceanees --+5-p See een ee ee eee $4 00 
Coal, oil, packing, ef@=22 =< 22k iss ate cu teehee neid bce fea se he wa iurm edepe OE Se ea alent eee re a 1 50 
Oné. Machinist as eeeeeee eee ess Gee eee Sh EBS: pRsk etl g case, ccc eetea ae Bec clare, <e ee ee eee ne ee ees 2, 50 
One direm an soe sees Peewee treme eae eine ee on ce tbie ou aes ele seme s aid diatade ae om Spee pee a tele te ey 1 75 
One laborer... Z ae : x sole = male a olnetes) See eens cae ee oes 1 50 

Total .. ...5 2 osecskeQhe pan dntwile ss nley oohsee cscs’ pcuq o> ss o's.gueenaeem WERE its oe Clo ate eaten eee 11 25 


The third method of washing of M. Marsaut includes a number of plans of sorting by equivalents, none of 
which are in use in this country, and which it is not necesssary to refer to here. 

As many of the coals of [linois especially require washing, I give a cut and description of a washer that has 
been especially adapted to these coals. It is the Osterspey jig, improved by the Messrs. Meier, of Saint Louis. (See 
page 79.) 

The upper box A B is composed of 2-inch plank, feathered at the joints, and bolted to a stout bottom frame of 
4-by-8 inch scantling and an upper frame of 3-by-6 inch scantling. The bottom frame serves to rest it on floor timbers, 
either lengthwise or crosswise, aS most convenient. The lower box ©, also of 2-inch plank, fits into it, secured by 
heavy feathers and bolts. It is pointed toward the bottom to cause the fire-clay, etc., to settle around the mud-valve 
M, through which it is discharged. 

The upper box has a rear chamber, B, with plunger P, and is separated from the forward chamber A, with 
screen bottom gg, by means of the diaphragm E. This is double, and admits the water-supply pipe W and 
the mud-valve rod 7, both of which pass through the cross-plate e, which forms a fulerum for the mud-valve level 
m and a support for the housing H, carrying the two shafts. The forward shaft carries a pulley, 8, and a slotted 
cross-head, T, in which a T-headed bolt, I, is clamped at a point giving the desired stroke. A sleeve on the bolt I 
works in boxes sliding freely on the guides G attached to the rear shaft, thus giving a quick down-stroke and slow 
up-stroke to the crank K and the plunger P. 

The bed g is made of fine wire-cloth, supported on coarser netting, or on perforated plates of iron, braced by 
six small angle-irons crosswise and two heavier ones lengthwise, held down by key-bolts, a a, and resting on a 
narrow cast-iron frame, ff. 

By driving back the keys and unshipping the six bolts a a the whole bed can be lifted out and replaced in ten 
minutes. By having a few extra bed-screens on hand, we avoid delays in case of choking up by fire-clay, or in case 
of repairs to screens. 

The screen-plates perforated with fine holes in use in Europe will not answer, frequently choking up with fire- 
clay several times a day. 
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The coal is fed through a hopper, I’, and under the slide J, which regulates the quantity. It is jigged along the 
whole length of the screen g, the washed coal discharging over the bridge through the hopper D. The slates and 
dross pass through a slot flush with the bed-screen and through the valve V, and drop into a pocket, from which 
they are occasionally drawn by means of the slate-valve O. 

The main valve V consists of part of the periphery of a cylindrical roller which has been perforated by a 
number of parallel triangular prisms. This presents to the discharge-slot a number of triangular openings, giving, 
equally distributed over its entire width, just as much free area as is required to continuously discharge the dross 
as it accumulates on the bed g. 

When it becomes necessary to open the valve O, the valve V is momentarily closed by turning the lever v until 
V presents its smooth cylindrical surface to the discharge-slot. Then O is thrown suddenly open, the dross washes 
out, O is as rapidly closed, and V slowly returned to the position previously determined as giving the required 
discharge area. The plunger has valves, ¢ t, of such opening as to prevent any possibility of suction. The feed-pipe 
w supplies water when needed to fill the jig or to supply the waste when V is closed and O open. The value of 
having the lower discharge as far as possible from the feed and of the full width of the screen, whether in 
washing coal or concentrating ores, will appear upon reflection, and can be shown by ocular demonstration when 
working a jig. 

A certain number of strokes will be necessary to create regular layers of materials of different gravities, and 
within certain limits this classification must be improved with each stroke. These layers will, in uniform action of 
the upward currents of water, be of equal thickness across the jig, ¢. e., perpendicular to the line of travel. 

The quantities washed, preserving the quality above given, varied from 30 pounds for the smallest size, I, to 
223 pounds for size IV per hour. On Pennsylvania coal the same machinery could easily furnish 60,000 pounds 
per hour. 

As to the advantage and benefits of coal-washing, there can be no doubt that in many cases where the coal 
to be coked is impure, containing a large mixture of slate or sulphur in the form of pyrites, it is advantageous 
to crush and wash previous to coking. It would also be advantageous to wash slack in which there is a large 
amount of the same impurities, but it by no means follows that all coals would be improved by washing, even 
though the impurities might to some degree be removed. The Kemble Coal and Iron Company, at Riddlesburg, 
Pennsylvania, which for some time used a modification of the Berard washer, abandoned it some two years ago. 
The operation carried away the hydrogenous matter, which made a desirable physical structure and afforded heat 
in the coke oven. Other works in this country using other forms of washers have ceased washing. <A coal 
with a large surplus of pitchy matter can be washed without serious loss; in fact, in some instances, with gain; 
for it has frequently too much of this matter, and a reduction is advantageous. This fact should be carefully 
borne in mind in deciding as to the advisability of washing a coal to reduce the percentage of ash. Connellsville 
coal, no doubt, would be injured by washing, and the small excess of ash or slate in the coke, if aluminous, 
is not objectionable in a furnace working mainly with lake ores. It may be that in this statement will be found 
an explanation of the fact that a good many cokes, with what might be termed an excess of ash but a good physical 
structure, are superior as blast-furnace fuels to cokes with a less amount of ash. 

In some cases, where washing is not advisable, it has been found that simply crushing the coal prior to washing 
has a very good effect. Mr. I. Lowthian Bell stated before the Iron and Steel Institute of Great Britain that he 
found crushing the Durham coal prior to coking a great advantage, and in many parts of England the coal is 
thoroughly crushed before coking. : 

In many sections of this country the coal is washed prior to coking, and it has been found to be decidedly 
advantageous. Illustrations of this are given in the remarks on coking in the different states. It is also found in 
some sections of Europe that great advantage results from careful washing. Washers are largely used in Belgium, 
and in Westphalia especially a great deal of ingenuity has been expended in improving the methods of washing. 


COKE AS A BLAST-FURNACE FUEL. 


By tar the largest part of the coke made in the world is consumed in blast-furnaces in smelting iron; indeed, it 
has been with its use in these furnaces that its manufacture in any country may be said to have begun. It was 
Darby’s successful use of coke at Coalbrookdale that made coking an English industry, as was the use of the 
Connellsville coke at the Clinton furnace of Graff, Bennett & Co., at Pittsburgh, the beginning of the wonderful 
development of that region. 

It is impossible to say how much of the pig-iron of this country is made with coke as a fuel, either in whole or 
inpart. In 1879 1,438,978 net tons, out of a total of 3,070,875, were made with bituminous coal as a fuel, either raw 
or as coke; in 1880 1,950,205 tons out of 4,295,414. Nearly all this was with coke. In addition to this some of 
the iron reported as made with charcoal is made with charcoal and coke mixed, while a much larger proportion of 
the anthracite iron is made with part coke. Mr. James M. Swank, special agent, states that 2,128,255 tons of 
coke were used in the manufacture of pig-iron in the United States in the census year, while 2,615,182 tons of 
anthracite and 53,909,828 bushels of charcoal were used in the same time. 
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The use of coke has been rapidly increasing since 1871. For some years prior to this date considerable coke had 
been used, but a large portion of the iron made with bituminous fuel was made with raw coal. In 1872 the Lucy and 
Isabella furnaces, at Pittsburgh, went into blast, and the results obtained with Connellsville coke undoubtedly 
attracted attention to this fuel. No other furnaces in the world, except the Edgar Thomson, also located at 
Pittsburgh, and using the same coke, have ever made so much iron in a week. The results obtained led some 
anthracite furnaces at the time of the great strike in the anthracite region in 1875, which cut off the supply of. coal, 
to try coke, with most remarkable results, and a practice begun from necessity was continued from choice. The 
make of the furnaces has been largely increased, accompanied with an economy of ‘fuel. 

It is not within the scope of this report to enter into a discussion of the relative value of coke and anthracite; 
but it may be said that the superiority of coke as a furnace fuel is largely due to its physical structure. It is not as 
dense or as pure a fuel as anthracite, but its physical conditions are such as to especially fit a good, well-made coke 
for a blast-furnace fuel.(a) It bears a heavy burden, retains its shape as it passes down the furnace, does not splinter 
or grind away, allows the passage of the blast, is swift in combustion, and acts with great energy. Some of these 
characteristics explain how it improves the yield of anthracite furnaces. Its swift combustion and energy assist 
the slow-burning anthracite, and by retaining its shape without splintering it gives a better draft to the blast. 

While not entering into a discussion of the relative merits of these two fuels, it may be well, however, to 
indicate the results obtained in practice, both when used singly and when used together inthe furnace. The following 
table, furnished by Messrs. Taws & Hartman to Mr. James M. Swank, special agent, and published in his report on 
the statistics of iron, page 173, shows the consumption of fuel, together with other necessary details for comparison, 
at eleven prominent coke and anthracite furnaces in the United States, taken from an average of six consecutive 
weeks’ work in each case in the summer of 1881: 






































Details. Rosle} Mowe No, wal Nok, |) NOL. No.6. | No.7. No.8, | No.9 | No.10. | No. 11. 

OE SEN Eo eee ne feet..| 18 ape 3g) P2008. | eV Upewic 16 15 17 20 20 17 
MEI Bion: chet ie. coves = 245 seas eh doves]! | 78 eo | 65 | 75 | 70 70 | 56 70 | 80 75 65 
Fuel to ton of pig-iron ................- pounds..| 2,227 | 2,264 | 2,314 | 2,900 | 2, 987 2, 822 | 2, 603 2,357 | 2,490 2, 677 2, 618 
BRAUN IGI OL GS = tc 5 awe a's claus osc en per cent..| 85 94 | 85 | 82 | 88 85 87.4 | 83 | 8 | 87 86 
Ore to\ton of pig-iron......-...-.--2.-2: pounds..| 2,610 | 4,816 | 4,099 | 2,481 | 4, 480 4, 239 38, 413 3,920 | 3, 971: 4, 212 4, 362 
Rolling-mill cinder to ton of pig-iron...... Os csi Ts OBO ey seer ase lassen ce | 1, 230 Cee Ass Jecbasobeeee ASR NT Sosa acer j= \ade coe alte erciee aioe [omar Ha 
Limestone to ton of pig-iron.........-----. do....| 1,546 | 1,355 1, 815. |1,,756 | 2, 240 1, 815 1,050 | 983 | 1,339 2, 309 1, 107 
Quality of pig-iron.................... numbers..| 1, 2,3 3,4 | Lea aa 1,2 2 2,3,4 3 1." Soak, 2 Besse. 
eR R AY EARL Seek. t a sive vic.nin ais ce mipcimemc noeien ims 0's 1, 150° 750° | 1, 050° | 1, 150° 1, 100° 1, 348° 870° 1, 371° | 1, 080° 765° 750° — 
Kind of fuel used..-...----.. PE toca Soe weeiaay als Coke. | Coke. | Coke. | Coke. |Anthracite.|Anthracite.!Anthracite. | 4 coke, an-) Coke. | 4coke, fan-| $coke, fan- 

| thracite. thracite. | thracite. 
Average weekly production of pig-iron in tons 700 170 562 986 470 292 403 359 | 1, 2744 527 390 

of 2,268 pounds. | 

















a In a recent discussion as to the requisites of a good blast-furnace fuel, Mr. John Fulton, in a letter to the Keystone Courier, 
mentions four characteristics as essential: 1. Hardness of body; 2. Well developed cell structure; 3. Purity; 4. Uniform quality. 
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Part V.—OVENS. 


? COKING IN PILES. 


Coking is essentially a process of distillation, its object being to expel from the coal the volatile matter at the 
least expenditure of its carbon, which remains in the form of a firm, hard coke. ‘To accomplish this three methods 
of coking are employed: 

First: In piles or mounds, a method analogous to that used in the manufacture of vegetable charcoal. 

Second: In rectangular kilns, having brick or stone sides, and entirely open at the top. 

Third: In closed kilns or ovens of brick or stone. 

The simplest of these methods, and the least expensive in plant, but the most wasteful and expensive in coal, 
is that in heaps, piles, or mounds. This method is termed in various parts of the world “ coking in coke-fires”, 
on “ coke-hearths”, “in ricks,” “racks,” and ‘on the ground”. The earliest method of coking in piles, and one 
evidently suggested by the method employed by charcoal-burners in charring wood, is ina small circular heap. The 
coal, which must be in lumps, is piled in the open air in circular mounds, the lumps being set on their sharpest 
angle, so that air-spaces are left, and as small a surface as possible touches the ground. This process is at first 
conducted without any external covering and with a free access of air. Asit progresses the burning is checked at the 
proper time by the application from the base to the top of a coating of breeze’ coke, or earth. When sufficiently 
burned, all access of air is prevented, the burning stopped, and the coke is allowed to cool. The coke heap is always 
erected on the same “station”, where sufficient breeze soon accumulates for damping the fire in the heap. This 
process is very wasteful, the yield often being less than 50 per cent. It is still used, however, especially in sections 
where the demand for coke is small and its manufacture has just begun. 

Instead of the circular heap, pyramidal piles, with narrow, rectangular bases, are sometimes used. This 
method is preferred to that of the small circular heap, as it is not so wasteful, and a much larger amount of coal can 
be operated upon. Usually these piles are quite long, oftentimes from 150 to 200 feet, and instead of one long pile, 
frequently a number of short ones, parallel to each other, are used. At the Coalbrookvale iron works, in South 
Wales, pits or piles 12 feet wide by from 3 feet 6 inches to 5 feet high in the center are burned, the pits containing 
from 2 tons 10 hundred-weight to 3 tons per hnear yard. This method seems to have been used at an early date in 
the history of coking in England. Mushet, in an article written prior to 1800, thus describes the method as 
practiced at that time: 


In preparing pit-coal forthe blast-furnace, well understood among manufacturers by the term ‘‘coking”’, flat surfaces are appropriated. 
These are firmly beat and puddled over with clay, so as to pass the necessary cartage without furrowing or loosening the earth. These 
spaces form squares, more or less oblong, and are called hearths, upon which the pieces of coal are regularly placed, inclining to each 
other. Great careis taken to place each piece upon the ground layer on its acute angle, in order that the least surface possible may come 
in contact with the ground. By this means large interstices are preserved for the admission and regular communication of the air 
necessary to excite and effect complete ignition. 

The quantity of coke charred in one heap or hearth is various at different and even at the same works. About 40 tons of coal form 
the smallest fires, and some hearths again will admit of 80 or 100 tons. The length of the fire is in proportion to the quantity of coal 
built; the breadths and heights are also subject to no determined standard, but are from 30 to 50 inches high and from 9 to 16 feet. broad. 
In building each fire they reserve a number of vents, reaching from top to bottom, into which the burning fuel is introduced. This is 
immediately covered by small pieces of coal beat hard into the aperture; these repress the kindling fire from ascending, and oblige it to 
seek a passage by creeping along the bottom, which is most exposed toair. In this progress the fire of each vent meets, and, when united, 
it rises gradually and bursts forth on all sides at once. 

If the coal contains pyrites, the combustion is allowed to continue a considerable time after the disappearance of smoke; the sulphur 
then becomes disengaged, and part of it is found in flowers upon the surface of the heap. If the coal is free from this hurtful mixture, 
the fire is covered up in a short time after the smoke disappears, beginning at the foundation and proceeding gradually to the top. 

The length of time necessary to produce good coke depends upon the nature of the coal to be coked and the state of the weather. 
In fifty, sixty, or seventy hours the fire is generally completely covered over with the ashes of char formerly made. The coke, thus entirély 
secluded from the air, soon cools, and in twelve or fourteen days may be drawn and wheeled to the furnace. (a) 


The practice at the present time in England where piles are used does not differ much from that described by. 
Mushet. In preparing these heaps the grownd is first leveled and covered with a layer of small coal, from 12 to 
16 inches thick, upon which the large coal is stacked, inclining toward the middle in such a manner as to leave 
air-passages all through the inside of the pile, the outside being covered with a layer of small coal. The piles 
are ignited on the top at intervals, and the process of coking is conducted downward. If the heaps are long, the 
coking is facilitated by a series of chimneys that are formed by building into the pile stakes of wood, which, 
after being withdrawn, are replaced by burning coals. The fire is thus communicated to the mass in so many 








a Mushet On Iron and Steel (London, 1840), page 53. 
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parts at the same time that ignition soon becomes general, and coking proceeds throughout the whole extent. 
As the flames ascend upon the outside of the pits, the coker damps them with wet coke dust until the coal is 


completely coked throughout, when the wet dust is carefully 
packed down, the entrance of air is prevented, and the fire 
deadened. The heap is allowed to remain two or three days to 
_ cool, care being taken to supply it with thicker covering on the 
side that is exposed to the wind than on that which is opposite 
to it. When the fire is nearly extinguished the coke is with- 
drawn and quenched by the use of water. This method, as well 
as that in circular heaps, is far from economical, and the coke 
made is by no means uniform. 

In this country the method of coking (a) in open heaps or 
pits, as practiced by the Cambria Iron Company in the Allegheny 
Mountain region, is probably the most systematic and thorough 
of any. The accompanying engraving gives a good idea of the 
pits used. 

The coke-yard is prepared by leveling a piece of ground and 
surfacing it with coal dust. The coal to be coked is then 
arranged in heaps or pits, with longitudinal transverse and 
vertical flues, sufficient wood being distributed in these to ignite 
the whole mass. Beginning on a base of 14 feet wide, the coal 


is spread to a depth of 18 inches, A. On this base the flues are: 


arranged and constructed as shown in the plan, the coal being 
piled up, as shown in section B. ‘These flues are made of refuse 
coke and lump coal, and are covered with billets of wood. When 
the heap is ready for coking, fire is applied at the base of vertical 
flues, OC, C, igniting the kindling-wood at each alternate flue. 
As the process advances the fire extends in every direction, until 
the whole mass is ablaze. Considerable attention is required in 
managing this mode of coking—in diffusing the fire evenly 
through the mass, in preventing the waste of coke by too much 
air at any place, and in banking up the heaps with fine dust as 
the operation progresses from base to top. 

When the burning of the gaseous matter has ceased, the 
heap is carefully closed with dust or duff and nearly smothered 
out in this way. ‘The final operation is the application of a 
small quantity of water down the vertical flues, which is quickly 
converted into steam, permeating the whole mass. This gives 
coke, if carefully applied, the least percentage of moisture. 

The time necessary for coking a heap with the Bennington 
coal is from 5 to 8 days, depending mainly on the state of the 
weather. 
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The coke made in this way is beyond any doubt excellent, and its yield accurately determined at Bennington 


and Hollidaysburgh is as follows: 


BENNINGTON. 


Gross tons. 


56, 87 








Yield of coke, 59.1 per cent. ; loss, 40.9 per cent. ; 1.09 tons of coal to 1 ton of coke. 


HOLLIDAYSBURGH. 
Gross tons. 
(Ya TEGO. -.c.snanece ents ene aoa CaP LAP s pip ds Ap | Ie wae dell pes Sook A FF Re pee ere 63. 80 
or) CRATES CU Tee I: cies et Ae Ok OCU De ee SPR Dy Pe oe Bg hie Cldteb i ce hae claS sewece)-« 38. 02 


Yield of coke, 59.6 per cent. ; loss, 40.4 per cent. 


——___— 

















a Report L of the Pennsylvania Geological Survey, p. 122. 
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The yield at both these places is substantially the same, 59 per cent., exhibiting a loss of 24 per cent. of the 
carbon contained in the coke. The surface of the heap is coked before the central parts are reached, and the outside 
is, therefore, burning to waste while the central portions are but little acted upon. 

This method of coking in heaps or piles is practiced to but a small extent in this country, though it is still 
used in some parts of Europe. It has the advantage of requiring but little capital and the erection of inexpensive 
structures, only necessitating a slight preparation of the surface; but it has the disadvantage of requiring that the. 
greater portion of the coal be in lumps. The coke obtained is lacking in uniformity, and the yield is comparatively 
small, from 50 to 55 per cent., that by other methods yielding from 60 to 70 per cent. The manufacture in piles 
or mounds is justifiable only when building material is high-priced and coal very cheap. 

As is already stated, the circular heap is not used to any great extent in England at the present time, and an 
improvement on this method, in which a chimney is used in the centre of the pile, is thus described by Percy in 
his Metallurgy. 

The accompanying cut, from Jordan’s Metallurgy, shows the circular pile in use in France, the measurements 
being in meters. 


COKING LARGE COALS IN CIRCULAR PILES. 
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Fie. 10. 

A large circular pile, containing some 20 tous of coal (1 ton=2640 pounds), is stacked around a chimney built 
of bricks without mortar. The diameter of this pile at the base varies, in some instances being 18 and in others 
30 feet, the height at the center nearest the chimney being from 5 to 6 feet. The bricks in the chimney are laid 
so as to afford openings for the escape of gas and flame, a large flat brick at the top serving as a damper, and 
the heat of the pile is sufficient to vitrify the surface of the bricks of which the chimney is built and to bind 
them together. The outside is covered with wet coke dust. The pile is lighted at the top from the chimney, and 
combustion is downward through every part of the mass. Too free combustion is checked by wet coke dust 
applied with a spade, including the space around the bottom previously left uncovered, and, if necessary, the 
chimney is left unclosed. About 10 days are required for coking by this method, water being thrown upon the pile 
before it is drawn. In some cases, instead of lighting from the top, coals are dropped to the bottom of the chimney, 
and the pile is lighted from the middle of the bottom outward. 
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COKING IN OPEN KILNS. 


As coking in the circular mound developed into the bee-hive oven or kiln, so coking in long rectangular piles 
resulted in the open kiln. This process of coking in open kiln is only the long-pile process, with permanent walls 
for retaining or holding the sides. 

The kiln as used in Silesia, which is shown in the accompanying cut, consists of a rectangular inclosure, 
having two parallel side walls of brick, a a (Fig. 2), floored with brick set on edge, beneath which is a layer of 
glassy blast-furnace slag, broken small, through 
which proper drainage is secured. The inner COKING IN RECTANGULAR KILNS. 
surface of the walls and the bottom is of fire. 
brick; the outer wall may be of red brick or 
stone. The walls are 5 feet high, 8 feet apart in 
the clear, and from 44 to 60 feet long (Prussian 
measure). In each of the walls a@ is a series of 
openings, ¢ (ig. 1), 2 feet apart and the same 
distance above the floor of the kiln, so placed 
that those on one side of the kiln are opposite 
the corresponding ones on the other. From each 
of these openings rises a vertical chimney, d. 

Dr. Perey thus describes the process of 
charging, firing, and burning this kiln: 














The space e between the two walls at one end of the 
kiln is bricked up, and through the opposite end coal 
slack is wheeled in, spread over the bottom, watered, 
and stamped down so as to form a solid stratum 9 inches 
thick, or as high as the lower edges of the openings ¢ ¢, 
ete. Indeed, this height may be made 2 feet with advan- 
tage, if the coal be suitable. Pieces of wood 6 inches in 
diameter at one end and 4 at the other, and in length 
equal to the width of the kiln, are then passed through 
the openings in one wall, so that their opposite ends may 
respectively lie in the cerresponding dpenings in the other 
wall. Wetted coal slack is spread over the pieces of wood 
and stamped carefully down. The kiln is then filled up 





with slack, which at every 6 inches of additional height YY 

should be watered and stamped down. Brand well re- UY. 

marks that the mode of filling just described is very hard © GH 

work when the kiln exceeds 40 feet in length. After the YW 

filling is completed the top of the coal is covered with a WA YS 

layer, 2 or 3 inches thick, of coal dust, or, failing this, of \\\\\ Yj \\ 

loam. The end opening; sprouee which tne kiln has been \\ Yh \\N 

charged, is at last bricked up. The pieces of wood are 

now carefully drawn out, and thus a series of channels Lig. 3, Section on the line A.B. 
is left in the coal, upon the maintenance of which the Aine Pain A 
success of the process essentially depends, Should an Fig. 1. 


injury occur to any of the channels at the commencement it can hardly be repaired afterward. Before lighting the kiln all: the 
chimneys on one side are stopped by placing a brick, ad’, on the top of each, those on the opposite side being left open, while on the second 
side the openings or draught-holes are stopped by bricks, ¢ c’ (Fig. 3), the holes on the first side being left open, as at ¢(Fig. 1). The kiln is 
now lighted by means of sticks of easily inflammable wood introduced into all the openings ¢ on the left. A current of air is established 
through the transverse channels in the coal. After the lapse of six or eight hours the fire will have reached the opposite ends of these 
channels, when the chimneys on the left, d, and the draught-holes on the right, c, must be opened, and the chimneys on the right, d, and 
the draught-holes on the left, ¢, must be closed. This, however, should only be done when the fire has regularly spread through the 
entire extent of the channels. Special care in this respect at the commencement will prevent further trouble afterward. According as 
the weather is, stormy or settled, the direction of the currents of air through the kiln may be changed from every two to four hours. 
Shovld the coking be found to proceed irregularly, it may be necessary to keep open some of the chimneys on one side longer than others, 
and, consequently, not to change the direction of all the currents at once. Irregularity in the coking may result either from the quality 
of the coal or negligence in piling it in the kiln; and in either case the yield will be diminished. 

In the management of the process the work of the coke-burner is reduced to keeping open the transverse channels in the coal by 
raking out any pieces of coal which may fall into them and obstruct the passage of the air, and by preventing their sides from sintering 
together. For this purpose he uses a slender iron rod, somewhat bent at one end. The reopening of a channel which has once become 
stopped is attended with much difficulty, and is generally impracticable; and if several neighboring channels are closed, the process is 
thereby much impeded. In windy weather the draught of air through the kiln must be carefully regulated by closing, in a greater or less 
degree, the chimneys. Any cracks which may occur during the process in the covering on the top of the coal must be well stopped in 
order to prevent the ascent of currents through them. The proper regulation of the draughts through the kiln has an important influence 
upon the quality as well as the yield of coke. 

In about eight days the process will be completed, as may be known by the escape of white flame from the chimneys and the hardness 
which is perceived on plunging an iron rod through the cover on the top. All the openings must now be closed, and in the course of two 


t * 
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days afterward the fire will have become gradually extinguished. One of the end walls is now taken down and the coke removed. The 
coke at the height of the channels will be separated into two distinct layers; that in the upper Jayer especially is remarkably beautiful 
[sic], dense, hard, and when carefully withdrawn is frequently in pieces 3 feet long and 1 foot in diameter. The yield per 7.768 English 
cubic feet of coal ranged from 241.25 to 261.87 pounds avoirdupois. The loss in weight is 20 per cent. of the coal, an amount which, 
according to the quality of the coal, is often much reduced. 

The theory of coking by this method is perfectly intelligible. The coal surrounding the transverse channels 
is ignited and through these are established currents of air. Heat is thus developed partly by the combustion of 
the coal in the vicinity of the channels and partly by that of the volatile products arising from its destructive 
distillation. The coking will therefore proceed simultaneously upward and downward. No currents, as has 
already been stated, can ascend through the coal above the channels if the kiln be properly attended to, and 
obviously none can descend from above; consequently, the air which sustains combustion can only enter the kiln 
through the lateral draught-holes. At the conclusion of the process an accumulation of tarry matter always 
occurs immediately under the coal at the top of the kiln, which would further tend to prevent the descent of air 
from above as well as the ascent of currents from below; and it is there that the most solid coke is produced. 

In South Wales and in other districts kilns of this kind have been erected of not less than 15 feet in width 
from wall to wall, measured within. The transverse channels have been made by suitably piling lumps of coal 
without the use of poles. When the coal is of different sizes, it is advantageous, according to Mr. Rogers, to place 
the smaller pieces toward the top of the mass. In these larger kilns the mass becomes well ignited in from 24 to 
36 hours. During the process the workman walks on the top of the coal, and from time to time he thrusts through 
different parts of the surface an iron bar, which is easily pushed down until it reaches the mass of coke, and in this 
way the height to which the coking process has reached is satisfactorily ascertained. If he finds it to have progressed 
higher at one part than at another, he closes the chimney communicating with that part, and so retards the process 
there. When the mass has been coked up to the top, which takes place in ‘about seven days, it is quenched with 
water, and the coke is withdrawn in the manner already described. 

Mr. Rogers writes to Dr. Percy as follows: 

The new kilns have proved entirely successful; they are already in use at some of the largest iron works in the kingdom, and are 
being erected at a number of other works. The great saving in the first cost of oven, economy in working and maintenance, increased 
yield, and improved quality of coke, will probably soon cause this mode of coking to supersede the others now in use. The kilns are most 
advantageously made, about 14 feet in width, 90 feet in length, and 7 feet 6 inches in height, this size of kiln containing about 150 tons of 
coal. 

Mr. Rogers asserts that an outlay in plant of only £4 was required to produce one ton of coke per day from 
the Welsh coals, and that the cost of working does not exceed 6d. per ton. In some places the coal has been 
actually tipped into the kiln from the colliery wagons, and the coke wagons were afterward run into the kiln to be 
loaded direct from the mass of coke produced, thus reducing the labor toa minimum. The kilns need only to be 
built of rough rubble-work, with a plain lining of fire-brick, and without any iron work, so that the expense of 
repairs amounts only to a small sum. 

As to the results from the use of these kilns, Dr. Percy makes the following statement: 

In 1859 I visited several of the large iron works in South Wales, where these kilns had been tried, and I inquired particularly 
concerning the results. Opinions on this subject were certainly not concordant. At the Dowlais iron works they were erected, and, after 
repeated trials, abandoned. Mr, Menalaus, the manager of those works, considers them to have been a complete failure, and informs me 
(June, 1873) that, after making allowance for the water in the coke, the yield was very bad indeed. 

The Ebbw Vale Iron Company also made a trial of them, and Mr. Adams, the then manager, informed me that they appear to be 
suitable for one kind of coal, but that for their usual good coal they are wasteful and expensive. Much of the large coal which is used to 
form the transverse channels is burned away, and, as he quaintly observed, ‘‘ You might hunt badgers through the coke.” At the 
Pontypool works I inspected one of these kilns from which the coke had been partially drawn, and I remarked that a good deal of the 
coal in the vicinity of the draught-holes appeared to have burned away. Some of these kilns were much higher thanI had seen elsewhere. 


Experiments have been made at these works with kilns having double rows of draught-holes on each side ; but I was informed the result 
was unsatisfactory. 


THE BEE-HIVE OVEN. 


The method of coking in piles can be used to advantage only in exceptional cases. Where coal is very cheap 
and oven-building materials are expensive, or in those localities where the demand for coke is light, or in cases of a 
large increase in demand at high prices, especially if this increase promises to be temporary, coke can be burned 
to advantage in heaps; but under ordinary circumstances of manufacture and condition of the market it is too 
wasteful of coal, requires too much care in management, and the product is too uncertain in quality and variable 
in density to make this method economical or desirable. It therefore happens that as the demand for coke 
increases and becomes reasonably certain the long pile gives place to the open kiln and the circular mound or 
heap to the bee-hive oven, which is evidently such a mound or heap with a permanent covering of fire-brick, 
instead of a temporary one of slack and clay or wetted coke dust. ) 

The earliest form of the closed kiln or oven is the’‘‘bee-hive”, so named from its general resemblance to the 
old-fashioned conical-shaped bee-hive. This is a flat-bottomed, vaulted chamber of fire-brick or other refractory 
material, with an opening in the top or crown, through which the oven is charged, and which also serves as an 
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outlet for the waste products of combustion, while an opening or slightly-arched doorway in the side at the bottom 
serves as an inlet for the air necessary for combustion, and also for drawing the coke. In the process of coking 
this opening is either built up with bricks, or a door with a frame-work of iron\filled in with fire-brick is used, the 
frame-work being either hinged or raised by a chain passing over a pulley with a counterpoise weight at the other 
end, or a pair of hinged doors may be used. These ovens are not usually built separate, but in long banks, and 
sometimes in blocks of two banks, back to back, with the spaces between the ovens filled in with some material 
that retains the heat, generally in this country loam, thereby preventing radiation of the heat left in the walls, 
keeping them at a more even temperature, and facilitating the coking process. 


PLAN OF QGOKE OVENS NEAR NEWCASTLE-UPON-TYNE. 
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Section. Era. 19. Ground Flan. 

The bee-hive oven in its earlier and most common form was solid-walled and vaulted, as described above. 
In:the improvements, however, that experience showed to be advantageous both on the score of economy of time 
and material, and in some cases of product, this has been changed. The bee-hive developed and extended into a 
long oven, in some cases oval, in others rectangular, while the solid wall of the oven was pierced with flues, and 
finally developed into that form of oven known as the “Belgian”. These forms will be treated of in another part 
of this report. 
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The earliest recorded use of coke ovens is in 1763, in Newcastle, England. M. Jars, in a work published in 
1774, says : 

There are nine kilns at Newcastle, upon the edge of the river, to destroy the sulphur contained in the coal and reduce it to what is 
called “cinders and coaks”. The principal use of the cinders is to heat the malting-kilns; it is also used by a silversmith. I have seen 
a manuscript upon ‘the art of working coal-mines”, in which the first attempts in this manufacture were given as of very ancient date, 
being made in England. (a) 

The cut on page 87 shows the plan of these ovens as figured by M. Jars. 

Horne’s statement regarding the use of coke ovens near London (see page 54) is of about the same date as this 
of M. Jars. 

From this time quite frequent notices of the use of ovens are found. About A. D. 1800 coke ovens were 
found on the outcrops of the Brockwell coal-seams, at various pits in the southern part of the county of Durham, 
the coke being used for breweries and founderies. Parkes, in his Chemical Catechism, published early in the present 
century, describes ovens of this kind which were used at the Duke of Norfolk’s colliery, near Sheffield. He 
describes each oven as a circular building, 10 feet in inside diameter, with a floor of common brick, set edgewise. 
The wall, which was 18 inches thick, rose perpendicularly 19 inches above the floor, and was surmounted by a conical 
roof, of which the apex within was 22 inches above the floor, the entire height from the floor to the top of the 
arch, outside measure, being 5 feet, and the floor was raised 3 feet above the ground, in order that a wheelbarrow 
or low wagon might be placed under the doorway to receive the coke as it was raked from the oven. After this 
notices of the use of ovens are so frequent as not to require mention. 

Experience has shown this form of oven to be so well adapted to coking those coals that have furnished most 
of the English coke that the bee-hive oven, with the exception of the Welsh oven, which is either a modified bee- 
hive or an inclosed rectangular open kiln, was for many years, and until quite recently, the only one used in England. 
Latterly, however, Belgian ovens of various forms, especially the Coppée, are coming into some favor, though 

the bee-hive is still the one chiefly used. 

In this country, as will be seen by the statistical tables, the oven almost universally in use is the bee-hive, 
though the Belgian also is meeting with some favor. The bee-hive ovens, as built in the Connellsville and 
Allegheny Mountain regions, differ but little in size at the different works, being from 11 to 12 feet in inside 
diameter and from 5 to 6 feet in height from the floor to the crown of the roof. The floor is slightly inclined to the 
front. The method of constructing an oven in the Allegheny Mountain region and its relation to wharf and tracks 
are shown in the accompanying sketch of the ovens built by Mr. John Fulton, of the Cambria Iron Company, at 
their Bennington coke works. (0b) 

These ovens are circular, the diameter being 11 feet 6 inches, and are 6 feet high from the level of the floor 
to the crown of the dome, the charge filling the oven as far as the dotted line in the left completed oven. The 
radius of the dome, which is built up on centers, as the right-hand oven shows, is 6 feet 10 inches, the diameter of 
the charging-hole being 1 foot. 

The Bennington coke ovens are placed in a doubie row, inclosed between two strong retaining-walls of sandstone 
masoury. Between these walls, and: up to level of the floors of the ovens, the space is carefully filled and compactly 
rammed with clay and loam, constructed in horizontal layers of 12 inches each. Under all an ample drain is laid 
longitudinally under the bank of the oven. The ovens are founded on this thoroughly-packed filling, having a fall 
in their floors toward the doors of 6 inches to each. The order of the work of construction consists of four 
consecutive operations : 

1. The setting up on front walls of the iron door-frames, with the necessary anchors built up with the shaped 
jamb-brick. 

2. The building of the vertical circular section to the springing of arch or dome, the circular line of oven 
being preserved by a wooden sweep pivoted on pin in center of oven. 

3. The laying of the 3-inch floor-tiles and the erection of the wooden centers to build dome of ovens. These 
wooden centers consist of seven sections, made of boards and laths, which are shaped and fit together like the 
sections of an orange when cut by a plane at right angles to its stem-line. These sections are supported at the 
base by small benches, easily adjustable, and are supported under the crown by a‘single post, capped by a circular 
collar, and are made of a size to be easily taken out through the oven doors, 

The fourth operation consists in building the dome, which is completed by wedging in carefully and firmly 
the annular charging-ring, which becomes a keystone of the arch as well as the charging-hole of the oven. 

The filling in around ovens or backing should follow the progress of the brick-work as closely as possible, the 
material, clay and loam, being laid down in horizontal layers of 12 inches deep, and carefully rammed. The track on 
the top of the ovens is laid with iron tie-pieces, and has a gauge of 6 feet, to allow space for lorrie containing 5 tons 
of coal. The water for quenching the coal is supplied by 3-inch cast-iron pipes, with taps and hose between the ovens. 











a I quote from a paper by Mr. A. L. Steavenson, published in the North of England Institute of Mining Engineers’ Transactions, vol. viii, 
1860, pages 111, 112. 
b These drawings are taken from the Report of the Bureau of Statistics of the State of Pennsylvania for 1877 and 1878. 
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CAMBRIA IRON COMPANY. 
PLAN, ELEVATION, AND DETAILS OF BEE-HIVE COKE-OVENS AT BENNINGTON SHAFT. 
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As showing the style of these ovens, as well as the general plan of a coke works in the Connellsville region, 
I have given the accompanying cuts, representing the works of the Morewood Coke Company, limited, one of the 
latest and best built coke works in that section. The method of operating these ovens in the Connellsville region 
is quite simple, and may be taken as the usual practice in this country. The coal is generally brought to the oven 
in lorries holding each a full. charge, 125 bushels, for 48-hour furnace coke. The lorrie is run to the charging- 
hole on a railroad over the top of the oven, and the coal is dumped through the hole in the crown of the roof and 
carefully leveled by means of a long iron hook inserted intothe door. This door is bticked up and plastered or daubed, 
except some small interstices at the top, so as to admit only sufficient air above the coal to carry on combustion. 
The heat which the oven acquired in the preceding operation is always sufficient to ignite the new charge, combustion 
being carried on by the entrance of the air through the doorway, and the coal soon begins to emit aqueous and 
sulphurous vapors, followed by a thick, black smoke and reddish flame all around the sides. At this stage of the 
process the gases are particularly offensive. The heat of the oven at this time is a low red. In a few hours the mass 
of burning coal cracks downward, enabling the volatile matter below the surface to pass off, and by its ignition to 
generate additional heat for carrying on the process. In about 12 hours a clear, bright flame prevails over the entire 
surface, which increases almost to a white heat. Basaltiform columns are formed, which allow the gases to rise as 
the heat ascends. Finally the clear, bright flame dies off gradually, and the coke becomes a glowing red mass. 
Now the sooner the oven is quenched and drawn the better, for the coke will continue to take up air in spite of 
every precaution, and the red-hot coke will waste, lose heat, and become inferior as a fuel. 

A description of the coking process in bee-hive ovens in the Durham region is thus given by Mr. Meade: 

Wheu the oven is refilled with a proper charge, the coal is fired at the surface by the radiated heat from the roof, enough air being 
admitted to consume the gases given off by the coal, and thus a high temperature is maintained in the roof of the oven. The coal is by 
this means melted, and those portions of it which, under the influence of a high temperature, can of themselves form gaseous compounds, 
are given off, forming at the moment of their liberation small bubbles, or cells. The coke now left is quite safe from waste, unless a 
further supply of air is allowed to have access to it. At this stage of the process the coke assumes a pentagonal form and columnar 
structure. When the coke is left exposed to heat for some time after it is formed it becomes harder and works better, from being less 
liable to crush in the furnace or to decrepitate on exposure to the blast. 

In England the coke was formerly drawn from the bee-hive oven in a heated state and afterward cooled by 
water thrown on with buckets outside, but this method has been discontinued, and the coke is cooled inside of the 
oven by water thrown upon it, either from buckets or with a pipe and hose. The only drawback to the method of 
quenching is that the oven is cooled by the contact of the water with the hot bricks. It is generally believed, 
however, that coke cooled inside of the oven absorbs less water than when cooled outside. The quenching 
causes the coke to separate or crack open and facilitates the drawing. 

In drawing the coke from the oven the usual plan is to pull it out, piece by piece, with long bars of iron 
turned up at the end, similar to a large poker or hook. This method is the only one that can be used in the 
ordinary bee hive oven. Other methods of discharging by what are termed “drags” are used in modified forms of 
the bee-hive oven and in the Belgian oven. 

It will be noted that the coking process is essentially a process of distillation, the oven being the retort, the 
heat in the bee-hive oven necessary for volatilization after it is once heated being derived from the burning of the 
volatile products; and the heat remaining in the walls of the oven instead of being applied from the outside. Some 
of the heat is at the expense of the carbon of the coal, as it is impossible to prevent the destruction of a portion 
of the carbon by the admission of the air necessary for combustion, though it is avoided as much as possible. The 
combustion is maintained over the top of the coal, and the coking or distillation proceeds in the bee-hive oven 
dewnward from the top, and also slightly inward from the sides, the current of inflammable gas and vapor arising 
through the coal and meeting the air admitted through the doors above the burning in what may be called the 
“combustion chamber”, until the lowest stratum is converted into coke. It is evident that air should be admitted 
only over the top, as, if the air enters below or through the coal, coming in contact with it when hot, a portion 
will be consumed, and the coking will not be effected exclusively by the heat resulting from the combustion of the 
volatile products, as it should be, but largely at the expense of the coke, which should be avoided. 

As has already been noted, considerations of economy in various directions have led to many changes and 
improvements in the construction of coke ovens, and it is impossible to describe the numerous forms that these 
improvements have taken. They seem to have had for their object, first, the more rapid discharging of the ovens; 
second, the avoidance of the rapid cooling of the oven by watering the coke inside the oven; third, the utilization 
of the heat in the escaping gases by passing them through flues, where they are burned; and, fourth, the exclusion 
of air from the coking chamber, the heat necessary for coking being applied from the outside of the oven. 

In providing for the more rapid discharging of the oven and the cooling of the coke outside, chiefly for the 
purpose of greater ease of handling, and to prevent cooling, the oven assumed the rectangular shape, and one of 
the best of these forms, which may perhaps also be regarded, not as a development of the bee-hive oven, but as 
a rectangular kiln, closed in at the top, is known as the *‘ old Welsh oven”. This is simply a rectangular chamber, 
7 by 12 feet, with an arched roof 6 feet high. As generally built, they are set in rows, back to back, with one 
chimney to each pair to carry off the gases, the length of the oven requiring a greater draught than a vent-hole 
would supply. A flue from the roof of the oven about one-third way from the back wall leading into the chimney 
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conveys the gases to it. The whole front of this oven is movable, and the coke is drawn by means of a “drag”. 
This drag has various forms, but is essentially a strong piece of flat iron laid across the back of the oven prior to the 
charging, having attached to it at right angles a rod of iron sufficiently long to extend beyond the front. The 
protruding end is attached to a chain, operated either by a windlass worked by hand or by a small engine, and the 
whole mass of coke is drawn at once. In some ovens only the transverse piece of the drag is left in the oven during 
coking, the rod of iron being inserted after the process is completed through a gutter left in the middle of the foor 
the end of the rod being shaped ‘something like a fish-hook barb. This rod is pushed in with the bent-up part or, 
barb flatwise until the end passes under and behind the drag, when the rod is turned, the barb catches on the drag, 
and the coke is drawn out in one mass, Sometimes the transverse piece or drag is a short length of an ordinary 
rail; sometimes, also, instead of a single piece of iron attached to the center, which might bend the drag or 
transverse piece in drawing, two rods, attached near the ends and brought together outside of the oven, are used. 

This Welsh oven seems to be preferred in many parts of Great Britain either to the bee-hive oven or to the 
recent forms of the Belgian oven, as being easily nanaged and yielding a homogeneous and well-burned coke. 
Sometimes these rectangular ovens, and also the bee-hive ovens, have bottom flues, through which the escaping 
gases pass to flues running between the two banks of ovens placed back to back. In this way a portion of the 
waste heat is utilized for keeping up the heat. In other cases the heat so escaping passes into flues between the 
two banks of ovens, where the heat is utilized in raising steam for boilers. Such a method is shown in the 
accompanying drawings of the ovens at the Browney-colliery, in the Durham region, England. These ovens will 
also shew the size and general appearance of the Durham bee-hive ovens. 

These ovens are in double rows, back to back, as usual, but the flues between are much larger, averaging 64 feet 
in height and 3 feet 6 inches in width. To each chimney of 106 feet in height are connected about 100 ovens, an 
equal number on each side, and the flues and boilers, four in number, are so arranged that the heat can be carried 
past when cleaning or repairs are requisite, the small connecting flues being built as compact and tight as possible, 
and thus the remarkable freedom from smoke seems owing to the air-tight and perfect character of the flues, the small 
amount of surpius air present not cooling the gases to a point below which the hydrocarbons es’ape imperfectly 
burnt. This has been tested by admitting a large surplus of air, when smoke was immediately evident. 

No coal whatever is used for boiler purposes at these works, and the product of the pit at the colliery where 
these ovens are situated is drawn from a depth of 100 fathoms, and the water pumped, whereas before this system 
was adopted 600 tons of coal per fortnight was the amount virtually wasted. At another colliery belonging to the 
same firm, and where the small coal is valuable for coking purposes, the advantages of the system described are 
equally evident. 

As to the economies in the use of ovens of the Browney type and arrangement, Mr. A. L. Steavenson, in a 
paper read before the British Iron and Steel Institute (Journal, 1877, page 406 et seq.), makes the following 
calculation and statement, which contains many important facts that are not generally known to coke-makers: 

In order to ascertain the amount of heat available for evaporative purposes, the first step was to measure the volume and 
temperature of the gases passing to one pair of boilers from 50 coke ovens at the rate of 230 tons of coal in 84 hours. The temperature 
was found to be 1,500° F. The volume, measured by taking the velocity of the current in a given length of the flue, was ascertained 
by introducing sodium at one point and noting the time required to effect a flame, made by putting a little coal into the flue, 
spectroscopically at another, to be 1,187 feet per minute, which, multiplied into the area of the flue, 24 square feet 28,488 cubic feet 
per minute. This exceeds by 4,005 cubic feet the theoretical quantity of the gases, supposing that only just sufficient atmospheric air is 
admitted to effect the complete combustion of the known weight of material lost in coking 230 tons of coal; and this 4,005 cubic feet 
represents roughly the unavoidable excess of air used in coking, and the presence of which was evident by the ease with which a piece 
of charcoal burned when loweredinto the flue. 

The theoretical quantity above referred to was thus obtained: 230 tons of coal of the following approximate 
composition— 
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yield, on coking, about 60 per cent. of coke, of the following approximate composition : 
Tons. 
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Therefore, the composition and weight of the materials lost in coking are: 
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BROWNEY COLLIERY. 


ARRANGEMENT OF COKE-OVENS, BOILERS, CHIMNEY, &C. 
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To complete the combustion of these into CO,, H,O, and SO, are required 1,023.4 tons of air, making a total 
weight of waste gases of 1,115.4 tons, of which 790.3 tons are nitrogen, 229.5 tons carbonic acid, 92.8 tons steam, 
and 2.8 tons sulphurous acid, which, at a temperature of 1,500° I’., will occupy a space of 123,399,000 cubic feet; 
and since the coking of 230 tons of coal occupies, on an average, 84 hours, we have 24,483 cubic feet per minute, or 
4,005 cubic feet less than the observed quantity. 

Next, as to the heat commonly wasted: We have 1,115.4 tons of mixed gases, at a temperature of 1,500° F., 
which, if they could be reduced to the temperature of the atmosphere (say, 60° F.), would have the following heating 
value in tons of H,O raised 19° F.: 
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which is equivalent to evaporating 415 tons of water at 212° F. But, owing to the fact that the temperature of the 
gases was only reduced 750° F., instead of 1,440° F*., the above quantity is reduced to about one-half, or 216.1 tons, 
evaporated in 84 hours, or 2.6 tons inone hour. This was tested in an actual experiment (on the two boilers supplied 
with the gases from 50 ovens, coking 230 tons in 84 hours), the quantity evaporated in one hour being 2.4 tons, an 
approximation quite as close as can be expected. 

The total theoretical heat actually developed in the process of coking at the above rate is equivalent to 
evaporating 17 tons of water per hour, which is thus expended : 
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Thus, even in the plan described, but a small percentage of the total heat generated in the ovens is utilized, 
although if this even was carried out throughout the district of South Durham, where in colliery boilers not more 
than 6 pounds of water on an average are evaporated per 1 pound of coals, we should have a saving of 1,085,869 
tons of coal per annum, or a money value of £271,467. But this by no means represents the total saving to the 
colliery owners, as foremen are entirely avoided, with the exception of one man on each shift to attend the boilers, 
so that the total economy which would be effected, were the system generally adopted in the country, would be 
fully £300,000 per annum. 


THE BELGIAN OR FLUE OVEN. 


Under the general term “ Belgian ovens” is included a number of forms of coke ovens, not all of which, however, 
are of Belgian invention, which have certain points of resemblance, but all differing from the bee-hive or solid- 
wall ovens in two, or possibly three, particulars: 

First. In the exclusion of air from the coking-chamber, the heat necessary to coking being applied from the 
outside. 

Second. In the utilization of the waste heat and waste gases to facilitate the process of coking. 

Third. In the more rapid discharging or drawing of the ovens and in cooling the coke on the outside, thereby 
saving labor and reducing the loss of heat in drawing and cooling. 

Coking in ovens on the Belgian plan is of the nature of distillation in a close vessel or retort, the process 
proceeding at the same time from the sides, bottom, and top inward toward the center of the mass, the heat for 
distillation being applied from without and being supplied by the combustion in flues of the waste gases 
supplemented by the heat retained in the walls. Theoretically this should give all the carbon in the coal; 
practically there is some waste, but much less than in the bee-hive. 

Coking in bee-hive ovens is from the top downward gradually through the mass, the heat necessary to expel 
the gases being supplied partly by the heat in the walls and the burning of the escaping gases in the coking chamber 
above the coal and partly at the expense of the carbon of the coal. The coke is cooled inside the bee-hive oven 
by throwing water upon it before drawing, thereby cooling the oven also. In the Belgian oven, almost without 
exception, the coke is first drawn out and then cooled, the oven losing but little heat in drawing. 

It will be seen, therefore, that, considering only the yield of coal in coke, theoretically the Belgian plan is the 
better, as it should give more coke to a given weight of coal than the bee-hive oven. The practice is found to agree 
with the theory, the yield of coal in coke in the Belgian oven being greater than in the bee-hive. Yield, however, 
is not conclusive as to the economic value of coke, and in deciding which is the better plan, the original cost of 
the oven and expense for repairs, as well as the character of the coke produced, should be considered. Which is 
the better oven for making a fuel for blast-furnace purposes is discussed in another place. 
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To attempt even a brief description of the various forms of the Belgian oven would far exceed the limits of 
this report. The three that have been selected for description (the Dulait, the Coppée, and the Appolt) are 
regarded as presenting the most important principles of construction and as being of the most practical importance 
to the coke manufacturer. These are all flue ovens, but differ in shape and in the location and arrangement 
of the flues. In all of them the air is excluded as far as possible from the coking chamber, and the volatile matter 
is expelled from the coal by heat applied outside the walls of the coking chamber, the coke being discharged 
from the ovens before cooling. It should also be noted that the discharging of these ovens, which is by mechanical 
means, is facilitated by building them not quite rectangular in form, but with the walls slightly diverging, and, in 
the case of those which are horizontal, the bottom slightly sloping downward toward the front. 

The Dulait ovens are horizontal, long, and narrow, and are heated by the combustion of their volatile 
products in horizontal flues placed in the sides and bottom, numerous jets of heated air being supplied to the gases 
in their passage through the flues. They are built in pairs, one oven heating the adjoining one. This division into 
couples also exists in the Coppée system. 

As generally constructed, these ovens are 7 meters (a) long, 0.75 meter wide, varying somewhat, however, 
according to the. quality of the coal, and 1.15 meters high to the base of the arch, the arch being 0.10 meter in 
height. The incline of the bottom of the oven to the front is 0.02 meter to the meter. To prevent waste of 
heat and the penetration of air the oven is furnished with double doors, the outer one, which is on a plane with 
the front, being of sheet-iron 0.005 meter thick, and the inner one, which is 0.30 meter from the first, of cast-iron. 
The space occupied by the coal is thus reduced to 6 meters. The ovens are charged through hoppers closed both 
at the top and bottom, the lower part being shut by a cast-iron slab cemented with clay in the brick-work, while 
the upper opening is closed by a cover, the edges of which rest in a channel filled with powdered coal. 

The flame from the coking chamber of one oven passes out and descends directly below the bottom of the. 
other member of the pair, where it is divided into four currents, which flow in between the partition walls, and 
after traversing every flue reach the chimney. To supply the air necessary for the combustion of these products 
one of the walls of the flues through which the gases pass is built of two rows of hollow bricks, superposed. 
These bricks have a section of 0.10 by 0.12 meter, and are pierced by a longitudinal hole 0.05 meter in diameter, in 
such a manner that by their juxtaposition they form two superimposed channels as long as the whole flue. The 
lower channel is open at the front of the oven and closed at the other extremity, where it rises in order to 
communicate with the upper parallel channel. This is pierced by holes 0.008 meter in diameter, placed at a 
distance of 1 decimeter from each other, and opening into the flues in which the combustible gases are circulating. 
By this arrangement the external air taken in by the draught penetrates into the lower channel, where it becomes 
heated, and, reaching the upper passage, is projected across the stream divided into innumerable streamlets, 
which increase the surface of contact, thus effecting perfect combustion and producing the highest possible degree 
of temperature, so that the gases are in ‘this way fully utilized. As a result, if the coal is of the right quality, 
the combustible gases are produced in sufficient quantity to secure a complete distillation of the coal and the 
regular and continuous heating of the whole of the apparatus. This system does away with the necessity for 
providing openings into the coking chamber for the admittance of air or secures a theoretical absence of draught, 
limited only by the care with which the clay has been applied to the doors. 

The Dulait is a very hot oven, somewhat expensive in its first cost, but requiring only slight repairs, works 
large charges, and gives a yield nearly equal to the theoretical maximum. It requires, however, constant and 
careful attention to secure the best results. The charge of coal is from 5,000 to 10,500 pounds, about 7,000 being 
the average. With the medium or lighter charge the time of coking is 24 to 30 hours, with the heavier 48 hours. 
The yield as compared with the Smet oven, which it has in some cases superseded, is much greater. Coal that in 
the Smet oven yielded 71 per cent. yields in the Dulait 79.17 per cent. of large and 1.75 per cent. of small coke, 
or 80.92 per cent. The cost in Belgium in 1873 for a Dulait oven to produce 5,300 pounds of coke every 24 hours 
was 2,700 franes. (b) In that year there were 1,100 of these ovens in Belgium and 700 in Trance, Prussia, and 
Austria. 

The Coppée oven is designed for coking only finely-divided coal. It resembles the Dulait oven in being 
horizontal, long, and narrow, but its side flues are vertical, instead of horizontal, as in the Dulait and Smet ovens, 
and the methods of supplying air for the combustion of the waste gases, as well as of firing and utilizing the waste 
heat, are improvements on the Dulait and Smet. 

As generally built, the Coppée ovens are in banks or batches of thirty, arranged in groups of two each, one oven 
of each pair being charged when the contents of the other are half coked, and vice versa. Connected with each oven 
of a pair are a number of vertical flues, or chambers, through which the volatile products from both ovens are 
conveyed downward to a horizontal flue under one of them. After passing under this oven to its end, the gases 
return by a similar flue under the other and enter a channel running at right angles to the ovens and under 
them, passing from this channel either directly into a chimney or carried under boilers and used to generate 
steam. Air is supplied to these vertical flues in the sides by a smaller vertical flue, one or two to each oven, 





a The meter is 39.3702 inches. 
b Journal of Irav an Steel Lastitute, No 2, 1873, page 345, from which the details of cost and yield are taken. 
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connected with the top near the center charging-hole, the air becoming heated while passing through the flue. 
The ovens are charged from the top through three hoppers, and are drawn by means of a mechanical ram propelled 
by a cogged driving-wheel, worked by a small portable engine. At each end of the oven are two iron doors 
moving on hinges and fixed securely in metal frames, the lower 3 feet high, the upper 1 foot. The usual 
dimensions of the ovens are 26 feet 6 inches long, about 19 inches broad at the babe and 17 at the front, and 4 feet 
high. Ovens of this size are charged every 24 hours; ; others, arranged to be charged every 48 hours, are 5 feet 7 
inches high and 5 feet broad. The thickness of the brick: work between is 13.2 inches. (a) 

The accompanying drawing will give an idea of this oven. 

The operation of the ram used in discharging the oven by pushing will be readily seen from an inspection of 
the drawing. 

In working the ovens it is necessary first to heat them thoroughly, which is done by lighting fires of coal at 
the end of every oven closé to the doors. When sufficiently hot, the first few charges of coal are in small lumps, 
the coke produced being of an inferior quality; but in a few days the ovens become so thoroughly hot that crushed 
coal of the consistency of very coarse meal is used, it being washed, if necessary, to remove impurities. 

As has already been stated, one oven of the pair is charged when the coking in the other is about half completed. 
When ready to charge, the previous charge not having yet been withdrawn, the front and back doors are opened, 
and the mass of coke pushed out bya ram. The ram is then quickly withdrawn, and the two lower doors are closed. 
The oven is charged through the three hoppers or openings, and the coal is leveled, by means of rakes, by two men 
working through the upper doors at each end. The doors are then closed and carefully luted, and carbonization 
commences immediately. The processes of emptying and refilling the ovens need not occupy more than eight 
minutes. The coke is quenched immediately upon being withdrawn. Six charges are coked in each oven per week, 
each charge yielding about 2 tons of coke. 

Regarding the yield of the coal in coke it is claimed that within 2 per cent. of the theoretical yield is obtained. 
Mr. E. Windsor Richards stated to Mr. Percy that at the Ebbw Vale iron works(b) 13,400 tons of coal (containing 
nearly 20 per cent: of shale) were sent to the washing-machine, and that 8,400 tons of coke were obtained, which is 
equal to a yield of 62.7 per cent. of the unwashed coal. If the washing process be effective in removing the shale, 
the yield of the washed coal must be considerably greater. Mr. Richards, however, found as much as 6 per cent. 
of water in the coke—a point of considerable importance in estimating the aes large quantity of water being ; 
due to the fact that the coke is quenched outside the oven, and to the want of sufficient care in performing this 
operation. A series of determinations, recently obtained from Bolckow, Vaughan & Co., limited, of Middlesborough, 
of the quantity of water in coke made in bee-hive ovens at their Newfield collieries We quenched inside the ovens, 
gave an average of only 0.8 per cent. 

At Ebbw Vale, where there is a bank of these ovens, the work of coking is let to a contractor, who commences by 
filling the trams from the bin containing the crushed coal; and he finds all the labor for filling the ovens, discharging 
their contents (inclusive of working the coke-ram), and loading the coke into trams, for one shilling per ton of 
coke. The additional cost of crushing the coal in a disintegrator must be borne in mind. 

In France, in 1878, the cost of making a hundred-weight of coke was about 28 cents, with 20 cents per ton for 
repairs and incidental expenses. 

On page 99 will be found a statement made by Mr. Bainbridge, of the Duke of Norfolk’s colliery, regarding 
the werk of the Coppée oven. The advantages claimed for this oven by its inventors are rapidity of coking, 
largely increased yield, and better coke. It is further recommended by them on the ground that— 

Some qualities of coal which are not sufficiently bituminous to coke in the old oven (or bee-hive) make good coke when burnt 
in the Coppée ovens; that there is a slight saving of labor by the Coppée system, and that the waste gases of the oven may be 
utilized for the raising of steam without involving extra expense in the construction. 

It may be questioned whether a coal which cannot be coked in a bee-hive oven will make good coke in a 
Coppée oven. Coke can be made from such inferior coals in the Coppée, but it will be inferior coke. The occasion 
of the invention of the Belgian oven was to utilize these inferior coking coals, to make it possible to coke them ;_ but 
it is evident that no oven treatment can supply the lacking chemical elements demanded in making good coke. 

- In 1873 there were in operation in Belgium 524 Coppée ovens, and 192 were in course of erection. In Prussia 
305 were at work and 138 building ; in France 186 at work, and in England 30 at work and 30 building. According 
to Professor Jordan the cost of each oven is from $300 to $350 in France (2,500 to 2,750 frances). (¢) 

Though not strictly a flue oven, being more of the nature of a retort entirely surrounded by flame, the Appolt 
oven is very properly treated in connection with the Belgian ovens, as it may be regarded as surrounded by one 
large flue. 

The Appolt oven differs materially from those previously described. It is upright instead of horizontal, and 
the coke is discharged from the bottom by gravity, instead of being pushed out by a ram. The method of supplying 
air for the combustion of the waste gas is also theoretically more perfect than in either of the other systems. 











a A full description, with working drawings of this oven, may be found in Percy’s Vetallurgy: Fuel. London, 1875. 
b Percy’ 8 Metallurgy: Fuel, page 534. 
c¢ Album to Course of Lectures on Metallurgy, by S. Jordan, C. E. (London, 1878), page 20. 
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This oven consists of a series of upright rectangular retorts, the longer sides of the rectangle being two or three 
times the length of the shorter. The retort is also wider at the bottom than at the top, to facilitate the discharge 
of the coke. These retorts, in groups of 12, 18, or 24, as the case may be, are inclosed in a large rectangular 
brick chamber, which may be termed the combustion chamber, the retorts being surrounded on all sides by 
air-spaces, these spaces being in communication, and the walls which form the sides of the retorts connected 
together by solid blocks of fire-brick. Between the fire-brick walls of the combustion chamber and an outside 
brick wall is a space filled loosely with some powdered substance, as sand or other bad conductor of heat, which 
allows a certain degree of expansion and contraction of the fire-brick wall of the combustion chamber within. The 
combustion chamber for a group of 12 retorts would be about 17 feet long by 11 feet 6 inches wide and 135 feet 
high. The retorts are about 4 feet long and 1 foot 6 inches wide at the base, and 3 feet 8 inches long and 13 
inches wide at the upper part, the walls being about 43 inches thick. The distance between the corresponding 
walls of the neighboring retorts varies from 73? to 9? inches. (a) The ovens are placed in two rows, back to back, 
the bottoms being provided with cast-iron doors, strengthened by transverse bars of wrought-iron. The partition 
walls of each chamber, at a distance of from 16 inches to 2 feet from the base, are traversed by two rows of small 
horizontal openings 54 inches long and about 34 inches high, 9 on each wide and 3 on each narrow side. At the 
upper part there are three similar openings on each wide side only. Through these openings the volatile products 
evolved during the coking of the coal pass into the surrounding open spaces of the combustion chamber, where 
they are burned by atmospheric air admitted through holes in the wide sides of the outer wall of the oven. In the 
wide side walls are the flues which receive the products of combustion from the flues surrounding the spaces and 
convey them to the chimneys. There are twelve vertical flues in all, three below and three above in each of these 
walls. 

In operating the oven it is first heated with coal, as in the case of the Coppée oven, until the walls have become 
red hot. After eight or ten days firing the oven will be found to have attained a temperature of from 1,200° to 
1,400° C. (bd) 

In order always to insure an equal degree of heat through the oven, and to simplify the management of the 
latter by the dampers and air-flues, it is expedient to charge the two series of compartments alternately, the 
temporary grate and brick lining at the bottom being removed from the compartment which it is proposed to charge. 
The door is closed and securely fixed, and is then covered with a layer of coke dust about 1 foot thick. This is done 
to protect the door from heat, to close effectually the bottom of the compartment, and to prevent loss of heat. The 
charge of coal is now introduced, and a cover is placed over the top, luted with coke dust or clay. 

The gases, whieh are immediately evolved when the coal comes in contact with the red-hot sides of the compartment, 
pass into the surrounding free spaces, where they are burnt, and so sustain the heat of the oven. An hour afterward 
a second compartment is charged in like manner, and so in succession until all have been charged. As the amount 
of gas produced increases during the day with the number of charges, it is necessary to open the dampers, and all 
that is required to be done during the night is gradually to shut them again in proportion as the evolution of gas 
decreases. Carbonization being completed at the end of the 24 hours, on the following day the coke is drawn from 
the first compartment at the same time as the charging took place on the previous day. Immediately afterward 
the compartment is charged again. The process is thus continued without interruption, the coke being drawn from 
each compartment 24 hours after it has received a charge of coal. No inconvenience arises from the use of washed 
coal which still retains moisture. By suitably decreasing the admission of air and the exit of gases from the oven 
the charging may be omitted on particular days, and yet the heat will continue sufficiently high to enable the 
charging to be effected on the following day. 

The advantages claimed for this oven are as follows: (¢) 

1. The calcination is effected in a close chamber solely by the combustion of gas disengaged from the coal, a condition favorable to 
a high yield. . 

2. The heating surface is very considerable, reaching 190 square meters for a charge of 1.5 tons. The comparatively small size of 
the retort secures a rapid and regular carbonization. 

3. The flames from all the compartments uniting in a common chamber, which surrounds them, insure a uniformity of temperature. 

4. The vertical position of the compartments, beside the facility of rapid charging and emptying, gives more compactness to the 
coke, while the arrangement occupies less space. 

The following are the inconveniences incident to the system: 


1. If the general arrangement does not allow of the coal being led directly out upon the loading platform, lifts must be provided to 
raise it. 

2. Masses sometimes adhere to the sides of the retorts, which have to be broken by bars before the coke can fall. 

3. The management of these ovens is not so simple as in some other%systems, and when repairs are required for one compartment 
the whole group has to be stopped. 


In the Appolt oven the yield is very nearly the theoretical maximum. At the Blanzy collieries, in France, an oven 
of 18 compartments is charged with about 24 tons of coal and 3 tons (2,240 pounds) of ashes and dust for covering the 





a These dimensions are to be regarded as about the dimensions, they being the equivalents in English feet and inches of the meters. 
of the original paper. 

b Percy’s Metallurgy: Fuel, pages 449, 450. 

c Journal Iron and Steel Institute, 2, 1873, page 348. 
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movable bottoms. The operation lasts 24 hours, and produces 17 tons 6 hundred-weight (2,240 pounds) of coke. 
Taking into consideration the water in the coal (5 per cent.) and in the coke (10 per cent.), the yield would be 684 
per cent., about the yield in a crucible. The cost of the construction of an oven of 18 retorts is about $10,000 
(50,000 francs); the cost of coking at a French colliery, including the mixing and breaking of coal and maintenance 
of oven, amounts to about 43 cents per ton (2 francs 15 centimes). 

Dr. Percy, in summing up regarding the Appolt oven, makes the following remarks: (a) 

This oven differs much in construction from most other coke ovens, and appears completely to fulfill the conditions of a close vessel 
er retort. Although it certainly is a costly structure, yet according to the inventors the cost in proportion to yield is less than in any 
other kind of coke oven. Now, it has been previousiy stated that the non-coking, thick coal of South Staffordshire will cake and produce 
a solid coherent coke, provided it be rapidly exposed to ahigh temperature in a perfectly close vessel; and a prodigious amount of the fine 
slack of such coal has either been wasted or left in the pits because it could not be raised with profit. It may be possible to imitate on 
a large scale the conditions of the experiment in a crucible and to heat rapidly a large mass of slack to bright redness; but of all the 
coke ovens known to me, that on the Appolt system seems to be one of the most favorable to the solution of the problem. 

Mr. Menelaus, however, informed Dr. Perey (June, 1873) that some years before he saw the Appolt ovens at 
work near Saarbriick, and that the late M. de Wendel, to whom they belonged, and who was an excellent judge 
of coke ovens, did not, at least at the time of Mr. Menelaus’ visit, see any great merit in Appolt’s scheme. 

While it thus appears that theoretically the Appolt oven is the nearest to a perfect coke oven, it is not used to 
the same extent as either the Smet, the Dulait, or the Coppée. It is by far the most expensive to construct, and, as 
has already been noted, the stoppage of operations to repair one retort necessitates the stoppage of all. 

As to which of the many forms of the Belgian oven is the best, but little information has been obtained, as 
results of comparative trials have in but few instances been made public; indeed, it would be almost impossible 
to arrive at a general conclusion on this point. It will doubtless be found that one form will give the best results 
with one kind of coal, while another form will be better adapted to the coking of coal of a different character, but 
it will always be found true that inferior coal of whatever character will invari iably g rive an inferior coke. Some forms 
of oven may give a better coke than other forms with the same coal. The true method is to study the character of 
the coal and adopt the oven that seems best suited to it, having in view economy of operation. At the Cockerill 
works, at Seraing, Belgium, where a number of Smet ovens had been used for some time, a trial was made of the 
Dulait, but after careful and thorough experimenting it was abandoned and the preference given to the Smet. On 
the other hand, at the works of the Société Anonyme des Charbonnages de Marihaye, Belgium, some experiments 
have been made as to the relative value of the Dulait and the Appolt ovens, with the following result as to the 
contents of the coke produced: 
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In England, in the South Wales district, where the Belgian oven has been introduced, and in other parts of 
England having coals of similar or inferior character, the preference seems to be given to the Coppée ovens, with 
modifications in some cases, suggested by the experience of the English engineers. While other ovens have been 
tried, no record has been found of any other form of Belgian oven in use at the present time. The Cox oven, of 
which the Dulait is in some respects an imitation, and which was at one time used at the Ebbw Vale works, does 
not seem to meet with continued favor, as at this works, as stated elsewhere, Coppée ovens have been lately built. 
As noted by Perey in his Metallurgy, all of the Belgian ovens, with the exception of the Appolt, seem to be 
improvements of the old rectangular Welsh oven. In this process of development the Smet, Dulait, and Coppée 
seem to be successive steps, and the late action of the English coke manufacturers would indicate that with the 
inferior coals of that country the last step in this development, that is, the Coppée oven, is the best. 


SPECIAL ADAPTATIONS OF KACH FORM OF OVEN. 


A question of the utmost importance in connection with the manufacture of coke is which is the best oven, 
and is as difficult to answer as it is important. The form of oven that might be the best, the most economical, and 
produce the best coke under certain conditions, would not necessarily be the best when these conditions are 
changed. The oven that would give the most satisfactory results with the coals of Durham, England, or 
poopoueyile,3 in this country, would not necessarily be the best for the inferior coals of sirites or Belgium. 





a A full description of this oven can be found in Percy’s Greiaiherga rua 
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This question as to which is the best form of oven, while it is one contingent on circumstances, is nevertheless 
answerable as to a given coal. It has been thoroughly investigated in the chief coke-producing countries of the 
world, and some decided results have been reached as to the best ovens for the coals of the several districts. As 
there is so great a variety of coals in this country, it may not be unimportant to give these results. 

It seems to be quite well settled that with coals similar in character and cost to those of Durham, England, 
and Connellsville, Pennsylvania, the bee-hive oven, not only as to the character of the coke, but on the score of 
economy of operation, is the better form. The yield of these coals in coke is no doubt greater in the close distilling 
ovens on the so-called Belgian plans, where the time of coking and consequent exposure is shorter than it is in the 
bee-hive ovens, and the coke, in burning, is more or less exposed to the action of highly-heated atmospheric air, 
but it has been found in blast-furnace practice that this greater yield is more than compensated for by the larger 
amount necessary to make a ton of iron. This is a somewhat remarkable statement, but it has the sanction of the 
best authority. Mr. I. Lowthian Bell, the distinguished English manufacturer and writer on blast-furnace 
phenomena, while acknowledging, in speaking of the Belgian and bee-hive oven, (a) that the yield was much greater 
in the latter, “almost the whole of the fixed carbon being obtained as a coke, the exception being a very minute 
loss incurred in drawing,”(b) nevertheless found the useful effect in the furnaces inferior to that obtained from 
the coke made in the ordinary oven. In consequence of this all his more recently erected ovens have been 
constructed upon the old fashion. 

Mr. Bell also stated, at a meeting of the British Iron and Steel Institute at Paris in 1878, (c) that his firm, 
among many others, undertook, at considerable expense, the inquiry as to whether it was possible to treat 
English coal in the same way as coal was treated in France in the manufacture of coke. Both the Knab and the 
Appolt ovens were tried, and while in both these systems the yield obtained was quite equal to their expectations, 
they found in practice that whatever advantage was gained in yield was so much lost in the blast-furnace; that the 
quantity of coal actually consumed in the manufacture of a ton of iron remained pretty much the same in each case. 
In other words, he found if 30 hundred-weight of coal made 20 hundred-weight of coke in a bee-hive oven and 223 in 
an Appolt, that it would require the 224 hundred-weight of Appolt coke to do the same work in the blast-furnace 
as the 20 hundred-weight of bee-hive coke. They were compelled, therefore, to go back to the old bee-hive oven, 
and, as a result, were using a considerably greater quantity of fuel than ought to be the case if the coke made in 
the better description of ovens had produced an article equal in quality to that preduced in the bee-hive oven. 
He suggested, as one reason for this fact, that the extra coke was consumed in great part in the upper part of 
the blast-furnace, but another and more simple reason was that as they invariably used a much greater quantity 
of water in quenching the coke made in the Coppée and Appolt ovens than they did with the bee-hive, a portion of 
the increased yield was due to the presence of water, and therefore more apparent than real. 

There is perhaps another reason for this greater consumption of the coke made in Belgian ovens than of that 
made in bee-hiveovens. The flued ovens make a denser coke than the bee-hive, and it takes more of it to smelt a 
ton of pig-iron than of the more cellular coke of the bee-hive. In a word, the difference of consumption may be 
largely due to the physical condition of the coke; and here it may be pertinent to say that the physical condition 
of the coke produced with the several ovens is not receiving the attention its importance demands. (d) 

Mr. A. L. Steavenson, a North of England eugineer and writer on coke, went further than Mr. Bell, and claimed 
that coke was made in bee-hive ovens in the Cleveland district of England that it would be impossible to produce 
in any of the Belgian ovens. After a study of coke-making in England extending over a period of twenty-five 
years, he was quite sure that there was not any oven equal to the old-fashioned round oven for producing coke 
economically for the manufacture of iron. (é) ; 

These statements are fully borne out, so far as relates to the cokes made from our Broad Top and Connellsville 
coals, by the careful and thorough experiments of Mr. John Fulton, mining engineer of the Cambria Iron Company. (/) 
Speaking of the Connellsville coal, Mr. Fulton says: (gq) 

The best quality of Connellsville coke treated in the Belgian ovens of the Cambria Iron Company produced a coke of very 
objectionable density, especially in the bottom and middle of the charge. 

A direct test to determine the relative calorific values of cokes made in bee-hive and Gobeit ovens, using 
the same quality of coal in each kind, was made at the furnaces of the Kemble Coal and Iron Company, in 
the Broad Top coal region, Pennsylvania, by William Lauder, the general superintendent. The furnace in which 





a Chemical Phenomena of Iron Smelting, I. Lowthian Bell, London, 1872, pages 314, 315. 

b Transactions Institute of Mechanical Engineers, 1871. 

c Journal of the Iron and Steel Institute, No. 2, 1878, pages 346, 347. 

d Mr. Fulton suggests that the denser coke may not be as vigorous a fuel as the more cellular, or, in other words, thaf as many tons 
of pig-iron could not be made in a week in a furnace using the denser coke as in one using the cellular. A comparison between the makes 
of furnaces using Connellsville coke and those using anthracite, which is practically a dense coke, will illustrate what is meant by a 
“vigorous fuel”. 

e Journal of the Iron and Steel Institute, page 354. 

S See Second Geological Survey of Pennsylvania, Report G (Harrisburg, 1878), pages 235 et seq. Also Report L, pages 117 et seg. 

g Report G, page 248. 
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the tests were made is 14 by 60 feet, with modern blowing machinery and hot-blast oven. The ores are from the 
Clinton group (No. V), well known as the Juniata fossil ore, containing 30+ per cent. of metallic iron. The increased 
density of coke made in the Gobeit was very manifest. It was found that with careful management in both trials 
it required 2,300 pounds of Gobeit coke to carry the same furnace burden as 1,900 pounds of bee-hive coke. Mr. 
Lauder confesses his surprise at the results. While this coke was in the furnace it took 5,196 pounds to 1 ton of 
pig-iron; with the bee-hive coke 4,156 pounds for the same work. The loss, per ton of pig-iron made, is 1,040 pounds 
of coke, or 20 per cent. If the furnace makes 250 tons a week, the loss will be 1155 tons of coke, at $2 25— 
259 87 per week. 

This testimony in favor of the use of the bee-hive oven for coking the coals of western Pennsylvania is further 
strengthened by the action of certain coke manufacturers in that region, who, after having thoroughly tried certain 
forms of the Belgian oven, have, on increasing their coke-plant, built nothing but bee-live ovens. 

It may be assumed that, for coking, the character of coals, of which the Durham and the Connellsville may be 
taken as the type, and having in consideration the fact that the use to which coke is most largely put is in blast- 
furnace work, the bee-hive oven is the best. It may be possible that in the development of the iron business and 
the increased demand for coke, coupled with the exhaustion of coal-beds and the necessity of going deeper and 
further into the hills for coal; in a word, with the increased cost of the character of coal which is so admirably 
adapted to the manufacture of coke, some modification of the bee-hive oven that will give a similar character of 
coke without so great waste will be adopted; but we are speaking, of course, of the present and the present 
conditions. 

In noting these results and opinions it is scarcely necessary to state that in the experiments recorded all forms of 
the so-called Belgian oven have not been tested and the results compared with those obtained in the bee-hive ovens. 
It is fair to presume, however, that tests made by such eminent engineers as Messrs. Bell and Steavenson in 
England and Mr. Fulton in this country would be carefully and thoroughly made, and that the Belgian oven 
selected for trial would be regarded as the best form for the coal used with which they were acquainted at the time 
the test was made. 

It should also be noted that in these statements the coke is-considered only as to its value as a blast-furnace 
fuel; the economy of coking is not taken into account. 

It is also fair to state that the experience of Messrs. Laughlin & Co., of the Eliza furnaces at Pittsburgh, is 
favorable to the use of the Belgian ovens. The oven they use is the old Francois oven, improved by Mr. Henry 
Laughlin, and are 22 feet long, 18 inches wide, and 5 feet high, flues being arranged vertically in the side walis, 
which are 13 inches thick. Mr. Laughlin states that he has used Connellsville coal in these ovens with very good 
results, the time of coking being very much shorter and the coke produced equally as good as that made from 
the same coal in bee-hive ovens, but the yield was greater. They also use at times a mixture of Connellsville coal 
-and the fine slack from the Monongahela river, but for the most part use the latter alone after careful washing, 
it making a lighter and more porous coke than the Connellsville coal. They get every 24 hours about 2,000 pounds 
of coke from each oven.. A remarkable difference between their practice and that ordinarily used with the Belgian 
-oven is that the coke is watered in the oven as in the bee-hive and is pushed out cold, and it may be possible that 
the better quality of the coke from these Belgian ovens is in part due to this watering inside. 

So far this question of the relative value of different forms of ovens has been considered only with reference 
to the coking of coals similar to those of Durham, England, and of Connellsville, in this country, and it seems well 
established that with these coals the bee-hive oven has so far given the best results; but all coals are not of the 
character of these, nor are they so easily coked. Mr. E. Windsor Richards, of Blockow, Vaughan & Co.’s steel works 

_at Eston, England, very aptly remarked of the Durham coal: “It would be very difficult not to make good coke with 
it;” (a) and. a similar statement may be made of the Connellsville coal. The question arises, regarding those coals 
that in the bee-hive oven have made inferior coke, or, as they are termed, the “inferior coking coals”: Are any 
better results obtained with these coals in the Belgian oven than in the bee-hive or similar forms? 

The evidence seems conclusive that, with certain inferior coals, the Belgian oven produces a better coke than 
the ovens of which the bee-hive is the type. In a word, certain inferior coking coals can be coked in the Coppée 
-or some other form of Belgian oven which cannot be coked in the bee-hive. Many coals do not contain sufficient 
hydrogenous matter to thoroughly ignite and agglutinate in the bee-hive; they lack the pitchy matter to supply 
heat and bind the coal together in coking. In the Belgian oven, however, by reason of the greater heat, these 
coals catch more readily, and, the process being quicker, they bind together better. In many cases where the 
Belgian oven is used on these dry coals it is found advisable to mix them with coals containing more‘‘pitch”. This 
has been done at the works of the Cambria Iron Company with their Belgian ovens. At the same time, however, 
it seems to be a fact that the invention of the Belgian oven was the result of necessity, not of advanced scientific 
method. The European coals for which this oven was designed were very dry material for coke—could not well 
be “stuck” together in the old circular oven, and hence a costly appliance had to be used to make it possible to use 
these inferior coals in coke-making. 

Up to 1852 coke was made in Belgium in bee-hive ovens, or in others with solid walls, somewhat similar in 





a Journal Iron and Steel Institute, No. 2, 1878, page 348. 
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construction to the bee-hive. At this time the cost of the bituminous coal used increased to such a figure that it 
was necessary to use inferior coal for coking or to abandon iron-making. Out of this have grown the many forms. 
of the so-called Belgian oven, the principles of which are described in the chapter treating of ovens. 

The fact that the old forms of oven have been entirely abandoned in Belgium is the most convincing evidence 
that for the Belgian coals they are not the best form. The testimony as to which of the many forms of the Belgian 
is the best is not conclusive, but it seems generally conceded in Belgium, as the result of careful and long-continued 
experiments and comparisons, that almost any form of the oven is better than the bee-hive for their coal. ; 

A similar statement is true of France. The French coals chiefly used for coking are not typical coking coals, 
being dry and quite impure, and consequently high in ash. In that country the coke is generally made in the 
Coppée or Appolt forms of the Belgian oven. In the discussion of Professor Jordan’s paper, which has been 
before referred to, Mr. Windsor Richards stated that his impression was that without the Coppée or Appolt oven 
coke-making in France would be impossible. (a) In discussing this further, Professor Jordan said: (b) 

The improved coke ovens, Belgian or Appolt system, yield with the same quantity of coal a higher percentage of coke than the old 
bee-hive ovens, because there was a smaller loss by combustion in the oven, and also because the proportion of small coke or cinders was. 
smaller, as was also the cost of working. It is a fact universally known to be true by the French and Belgian coke manufacturers that 
the cost of production of a ton of coke in a Belgian or an Appolt oven is smaller than in a bee-hive oven. There is less coal and less labor 
required. For the blast-furnace process, coke must be considered as to its percentage of ash, and as to its porosity and friability. A 
percentage of ash can be obtained as low in the improved coke ovens as in the old form; indeed, by using the same coal, a purer coke 
is produced in the new ovens, since the yield is higher. As to the porosity and friability, which depend above all on the quality and the 
physica] state of the coal used, and also on the thickness of the layer of coal in the coke oven, the French manufacturers certainly obtain 
in their improved ovens coke as dense and as hard, indeed, perhaps more dense and more hard, than in the old bee-hive ovens.(c): 
Therefore, Professor Jordan said he could not find an explanation of the fact recorded by Mr. Bell. He was not aware of any trial made: 
by iron-masters for comparing the two kinds of coke for blast-furnace use, but all the blast-furnaces in the Loire district had formerly 
used coke made in bee-hive ovens, and actually now used coke manufactured in improved ovens, and they had never had any disadvantage- 
resulting from the change. . 

Professor Jordan, referring to Mr. Richards’ remarks, agreed with them. The only coals to be got by French 
iron-masters were generally inferior to those of Durham for coke-making. In old times, when the consumption of 
coke was not very extensive in irance, it was manufactured from caking coals in bee-hive ovens; this, for example, 
was the case with the Loire coal-field. Now, however, that the wants of the iron trade have increased other kinds. 
of coal are largely employed. 

Professor Jordan believed (d) that, in spite of the unfavorable results referred to by Mr. Bell, the Durham coke- 
makers would adoptin due time the improved systems of coke ovens used in France, Belgium, and Westphalia. The: 
failures reported by Mr. Bell had also been incurred by German manufacturers in the Loire coal-field, where formerly 
coke was made only from caking coal in bee-hive ovens. There the improved systems had been introduced in 
practice later and more slowly than elsewhere, because the first trials had been made with systems of ovens which,,. 
though having merits for other qualities of coal, were somewhat inappropriate for that used. He ventured to 
say that the same had perhaps happened to Mr. Bell. It should always be remembered that when making trials. 
with coke ovens of the Smet, Coppée, Appolt, or other class failure might result instead of success, in consequence 
of a difference of some inches, more or less, in the breadth of the oven or the dimensions of a flue, or probably of 
some units too much or too little in the percentage of humidity of the coals prepared for carbonization. These: 
improved ovens required also more attention and care than the old ones. 

In Westphalia, though the coal is superior to the French for coking, being somewhat similar to the Welsh: 
steam-coal, it has been found that better results are secured by the use of the Belgian ovens than by the old style 
of bee-hive ovens. The details and experience in the use of these ovens in this part of Germany have not been 
procured, but the relative number is conclusive evidence as to which form is deemed best. Of the 5,300 ovens 
reported in the Westphalia district, the far greater number are of the Coppée system. Dr. Gustav Natorp, in his. 
paper read before the British Iron and Steel Institute, says: 

Although it is the opinion of some engineers that the coke produced in the bee-hive ovens is superior in many respects to that of the 
Coppée ovens, the former have, nevertheless, not been generally adopted, since a coke can be far more cheaply produced in the Coppée 
ovens, which answers all the requirements, not alone of our native iron industry, but of that of Belgium, Luxembourg, and France as. 
well, 

Even in England itself there is strong evidence of the superiority of the Belgian ovens of the Coppée system 
for the manufacture of coke from certain of the British coals, especially those of South Wales. 

Mr. Richard Meade, in his recent work on The Coal and Iron Industries of the United Kingdom, page 201, says: 

The coke manufactured in the ordinary way in South Wales, although exceedingly hard and dense, does not appear to have attained 


all the economical results possible. Experience has shown that the carbonization of the coal is not complete, the long, deep fissures in the- 
coke thus manufactured exhibiting, on examination, a considerable amount of dark carbonaceous matter not carbonized. 








a Journal Iron and Steel Institute, No. 2, 1875, page 348. 

b Idem, pages 349, 350. 

e A confusion of denseness and hardness of coke may exist in some of these cases. Dense coke is not desirable; hard coke is. As: 
is explained under ‘Properties and composition of coke”, a hard coke is one in which the cell-walls in the fuel are hard; a dense coke~ 
is one in which the number of cells in the coke is small. 

d Journal Iron and Steel Institute, No. 2, 1878, pages 352, 353. 
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At the Ebbw Vale iron works, in South Wales, 60 ovens were constructed on the Coppée system in 1874, and so 
successful has been their use with the coals at these works that 60 more were erected in 1880. In the same yearthe 
Dowlais iron works decided to erect two blocks of 72 ovens each, and it was also reported that the Barrow Hematite 
Company had decided to make a trial of their coal, which is a very much poorer coking coal than even the Welsh, in: 
these ovens. In Pembrokeshire, where the coal is not at all caking, good coke was obtained in the Coppée oven 
with the mixture of 50 per cent. of anthracite dust with bituminous coal and some pitch. 

At the Dowlais works the first block of 72 ovens on this system was put into full operation early in 1881, 
at which time they produced 1,000 tons a week of excellent coke from a coal containing but in a slight degree 
those qualities that are considered necessary for coke-making. The success of these ovens at Dowlais led to the 
erection, in 1881, of a block of 72 similar ovens by the Rhymney Iron Company. (a) 

From what has been said we think it is evident that while for coals similar to those of Durham, England, 
and Connellsville, Pennsylvania, under the present conditions as to prices and demand, the bee-hive oven is the 
best form for coking. We think it is also evident that for other coals, which may be termed inferior coking coals, 
similar to those of France, Belgium, Westphalia, those mentioned in South Wales, and the Cumberland district, 
the Belgian system, or some form of the Belgian system, is better than the bee-hive or a solid-walled oven. 

As to the relative cost and results of the two systems, many comparisons have been instituted. Mr. Emerson 
Bainbridge, who has gone very fully into the respective merits of the bee-hive and Coppée systems of coke 
manufacture, has prepared the following summary of the chief points of comparison, which exhibit some interesting 


features: (b) 











| | Bee-hive. | Coppée. 
| eee etait} 
First cost per 2 tons of coke per day...-.....---..--..--- iBT Te Bartel te' ce £100. 
HEMT ENC Woprbd bebe Fos oy SSA Sep Cee ace Ct bed os ee Sepetpsce | 48 to120 hours’... ..| 24 hours. 
FATeM per LOW OL,60K6 Gallyna- .-cevscssasecmerscelsctens wes | 1,218 square feet..... 234 square feet. 
JERR ESTA OE ATG asc onerisect Sar ae Petes SG EASS cehGe Cac 45 per cent........-.. 59 per cent. 
Outside cooling-surface per 2 tons ..............-...-----| 1,002 square feet.....| 175 square feet. 
Time in emptying and refilling. -.............------+------ GO mMInUtess esses. 8 minutes. 
Units of heat in waste gases per oven...........--------- PS 966871 One temas et ecu 1,401.584. 
LADO CHAT EO OM LON an os--ne en § caatenne conecieeesiet weet ss Ie Ten Bdc on eine zie ie 11d. ‘y 














Mr. Fulton, in discussing this point, says: (c) 
The relative cost of making coke in each kind of oven is hereby given, with original cost of ovens and annual cost of repairs. The 
estimate contemplates banks of ovens to produce 100 tons of coke per day, or 30,000 tons per year. Coal at $1 per ton delivered at ovens. 


BEE-HIVE OVENS. 


EY BNICN STS, Da PANE ec Ae Ail elas se 7 I i Ais ol Api al ae Indi ha Se cia Ga Danae. hee rr $16, 000 

IU eSmOnMMVeSstinente lO. perscents Per ANNU... see lao sa aete alm oe strae clone tes aeidnee sce ces se cave lee 1, 600 

Seana Re ETON Nt ea le Tubs SE Olas » tas! cms ona’ hem eGiaisd vetaig a ol ku aid Asm oR Meunclanledae cd buedaed cbcwseeece 800 
' $2,400 

Then =8 cents per ton of coke. 








30,000 tons. 
COST OF COAL AND COKING. 


HEOURLONSOLECOdalig la per LONM nacmen aah <2 cciss voicec secre be soe ee cnet ee cece ceacae Haceep ac hasten aHeEeenre $1 60 
Rese et etiog Ctizel eh MU LUIS 56 vnc'a tae diva wanaisg semnicd spo sods decline Hees baee cess evocestuccosceeass 27 
Interest on cost of ovens and annual repairs..-.------- Moey ae ose ake leh isAtty foe Ree WMA ae are 8 

Coal, $1 60; coking, etc., 35 cents.......---- bas 6 eden Rene So hosisoqe soe er 1 95 

BELGIAN OVENS. 
RS ST EIN TIS Cteeat este pe aes, Se Cate eR RE Raat eis ite nts ae Se Ge RIES ei eeca TAG cicisac alee Sots cabs vias be, eteae's $45, 200 
PTT OM OLE DIS Nin Du COKGlOu OTRO VOUS Nash safe ieict otras ciate etna ye Geena cine lels cinicieleees tat biecse cose ccicces Sh = 3, 000 
ATL ELS P LCM LOLI fll C aane eran rele 2 no e)e naan) g = oh eee eae otetesin tfeieiainie a wiaisinics coat ccieln Sajeaecee ceeets 50 
PACKS LO LEG 1 TLC Saker sett Se eee nie Pte rel ata aa ae oot - ata c ei ateie Oe RTE SIE pole w/a wie sais Sra wln|lo s'vinie wiciolein'sc'cavcieeinels eines 300 
JAI REEL RE) DENIES WOO ET ne oho Sc too ebm eB ee beie BaD C es Betis COS8 6 AgC KCNC. SEE Se ROC ee ee Se a eee 310 
Annual interest on investment ($48,800), at 10 per cent..--....-..----.--.--------- 4,880 
$5, 240 


Then $4, 880-+-$310-++-$50 — = 173 cents, nearly. 








30,000 tons. 





a Mr. Edward P. Martin, manager of the Dowlais iron works, writes me under date of November 23, 1882: 

With regard to the question of yield of coke, we consider that the yield in the Coppée oven is better than in ordinary ovens; how 
much, it is difficult to say, as we do not weigh the products. With regard to the question of cost, taking into consideration the greater 
output per oven, we do not think that the cost per oven per ton of coke made is in excess of ovens built on the ordinary plan. The time 
of coking with us is 24 hours. The coke, if we use a fair quality of coal, is good and hard, but it has not that silvery appearance so 
taking to the eye which we get from good coal from ordinary ovens. Chemically and mechanically there is no difference in the quality, 
as far as we are able to judge, on the blast-furnaces. The cost per oven in this country is about £100 each, including roads, foundations, 
etc. The labor expense is less than in operating ordinary ovens. We have 72 ovens, and these 72 ovens burn out about 1,000 tons per 
week, or 14 tons per oven per week. 

b Ure’s Dictionary of Arts, Manufactures, and Mines, vol. iv, page 262. 

c Second Geological Survey of Pennsylvania, Report G, pages 249, 250. 
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COST OF COAL AND COKING, 


Coal,.1.42:tons, at BY per ton uancss clots poeta hase con raat woe ae eee ee eee sae aine enate $1 42 

Labor at ovens, charcing,, luting, pushing, GiGeas esis sea oe ele ee an aaa mat taste ee tecelemtata's S23 SERA seCee 234 

Interest on cost of OVens andsannilal ,Lepalis ie csca ets ste emis cia ste ee eree ants etal avin sept deren ela eee 174 
Coal, $1 42; coking, ete. 41 G6nte i... ien<+,25-cdineewsadtie sedans <n eeepc ar aeaieer ae see aeaeee 1 83 


The Belgian plant of ovens is the more costly in construction, but less expensive in repairs and coking. 
The economy in this class of ovens consists in the saving in coal to make 1 ton of coke, the saving in the work of discharging the 


eoke out of ovens, and in their annual repairs. 

The bee-hive oven is less costly in construction, but more expensive in annual repairs. Regarding the two systems in the aspect of 
absolute economy, embracing the interest of invested capital in their construction with annual repairs of each, and without any reference 
to the value of the coke made by each kind of oven, the Belgian exhibits an economy of 12 cents per ton of coke in its favor. 

Mr. Fulton sums up the whole question as follows : (a) 

The inquiry as to the best oven will be confined to a comparison of the bee-hive and Belgian, the Appolt being regarded as planned 
for peculiar cases which are not embraced in the limits of the present investigation. 

The advantages of the bee-hive are mainly as follows: first, it produces from the coal the best possible physical structure of coke ; 
second, it yields a uniform quality of coke; third, its coke watered out in the oven is produced in the driest condition; fourth, in rabbling 
it out it is separated into diminutive pieces; and fifth, the operation of coking in it is simple, and the cost of oven and repairs moderate. 

The Belgian or Frangois oven has its advantages: first, it produces a uniform quality of coke; and second, it is the most economical 
method of coking. , 

Its disadvantages consist mainly with the ordinary coking coals in making a dense coke. It requires skill in its coking operations; 
it requires its coke to be quenched outside in a clumsy manner, producing a damp fuel; its cost is large, but its repairs moderate. 

It is only especially adapted to the family of coals demanding pressure in coking, to-prevent too inflated a physical structure, and 
to the peculiar cases hitherto noticed consisting of coals holding a minimum of volatile matter and requiring washing. 

Perbaps at present it is possible to secure coke made in the bee-hive ovens from the excellent coals of the 
Allegheny ae ae at such rates as would not justify the attempt to coke what might be termed the “ inferior 
coking coals” the states of the Mississippi aud Ohio valleys outside of the Allegheny region, but in the near 
future the ean of the coking of these inferior coals will be one of considerable moment, and it is for this reason 


that it has been discussed at length here. 


THE UTILIZATION OF WASTE PRODUCTS. 


The enormous waste in coking has been a subject of earnest consideration on the part of coke-makers for many 
years, and various methods have been suggested and tried for saving this waste. The waste heat has been 
partially utilized— 

First, by changes in the construction of the ovens, building them in banks or blocks, and by the use of flues in 
their ses and bottoms. 

Second, by carrying the heated gases under boilers and utilizing them for raising steam. 

This waste of heat, however, is a mere bagatelle to the waste of the by-products that pass off during the 
distillation of coal. In the manufacture of gas one of the principal sources of income is the sale of tar and 
ammoniacal liquors, and the amount and the value of these by-products in gas-making would scarcely be credited 
did it not have the sanction of such high authority. (d) 

The color industry utilizes practically all the benzine, a large proportion of the solvent naphtha, all the 
anthracene, and a portion of the naphthaline resulting from the distillation of coal-tar, and the value of the 
coloring matter thus produced was given as £3,350,000. The present production of 1,000,000 tons of liquor yields 
95,000 tons of sulphate of ammonia, which, taken at £20 10s. a ton, represents an annual value of £1,947,500. 
The total annual value of the by-products of the gas- “works ae the United Kingdom may therefore be cntimanen 
as follows: 





Coloring matter; =.=. -2-20-ee5-= O oabkn vada pigesiee pracda warmers ce cee er sue se peeks So eee eee ee renee £3, 350, 000 
Sulphate of ammonia, -2 e030 oes ck ne ee wine poe eee cba cates decals Gen foe eee aes EE eee eee 1, 947, 500 
Pitch (325,000 gallons) sc scndtee Biboot. aces cee sc ee cine = cisieee ateeietenanine irene pe Semin cleus at See eee 365, 000 
Creosote (25,000,000. pallons).... casas pemwaecust ue. ss he abides bevlks adwisieslen cia teaet ieee eee eae eor fee nut 208, 000 
Crude carbolic acid (1,000,000 gallons)... -2 tiie cons sn. ens chiote we see ads acy oman kw cwmeoN eae a eeeaeens 100, 000 ; 
Gas coke, 4,000,000 tons (after allowing 2,000,000 tons consumption in working the retorts) at 12s....... 2, 400, 000 

Total. .... 85. nb estes ascd is aha Lid sae ade eae Meee aa wad an se ARE lo amine Bie tke ately Jee aie Raa do de 8, 37 70, 500 











Taking the coal used, 9,000,000 tons, at 12s., as equal to £5,400,000, it follows that the by-products exceed in 
value the coal used by very nearly £3,000,000. In using raw coal for heating purposes these valuable products are 
absolutely lost. 











a Second Geological Survey of Pennsylvania, Report G, pages 248, 249. 

b Dr. Siemens, in his address as president before the British Association at Southampton, August, 1882, estimates that 9,000,000 tons 
of coal were used annually in the gas-works of the United Kingdom, producing 500,000 tons of tar, 1,000,000 tons of ammoniacal liquors, 
and 120,000 tons of sulphur. 
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It is evident from this that the value of these products wasted in coke-making, which is essentially the same 
as gas-making, is enormous. On the basis of the above estimate, assuming a consumption of 7,000,000 tons of 
coke annually in the blast-furnaces of Great Britain, there would be a loss of by-products to the value of nearly 
£4,643,3335. Dr. Angus Smith, the English inspector under the alkali acts, estimates that 20 pounds of ammonia 
are given off in the combustion of every ton of coal manufactured into coke. This would equal 27,524 net tons of 
ammonia as the product of coke-making in the United States in the census year. It is well known that there 
exists an almost unlimited demand for sulphate of ammonia for agricultural purposes, all the more so as the natural 
manures, such as guano, saltpeter, etc., are getting scarcer and scarcer, or deteriorating with respect to the quantity 
of nitrogen they contain. Latterly the ammoniacal liquor has also been used in the manufacture of soda under the 
Solvay patents. 

A number of attempts have been made in England, extending through a series of years, to utilize these by- 
products, and ovens have been built and appliances attached to the ordinary bee-hive ovens for this purpose, but 
with very little success until recently. While no difficulty was experienced in collecting these waste products in the 
earlier trials, the coke was inferior, and there was some trouble in maintaining the necessary flues. Messrs. Pease 
& Partners, in the north of England, have quite recently started a block of 25 ovens, (a) to which they have applied 
the Carvés plan, of whose success they speak very favorably. This plan has reached its best development at 
Bességes, France, at the works of the Terrenoire Company, though it is in successful operation at other places on 
the continent of Europe. On pages 102 and 103 will be found drawings of these ovens as modified by Mr. Henry 
Simon, with a full statement of the working of the ovens and the results attained. (D) 

In this oven the coal is rapidly carbonized by subjecting a comparatively thin layer to a high temperature in a 
closed and retort-like vessel, the volatile products being burned around the outside of this vessel after they are 
deprived of the tar and ammoniacal liquor. 

Each oven is in the form of a long, high, narrow chamber of brick-work—a Belgian oven in fact—a number 
being built side by side, with partition walls between them sufficiently thick to contain horizontal flues. Flues 
are also formed under the floor of each oven, and at one end of these is a small fireplace, consisting of a fire-grate 
and ash-pit, with suitable door, the fire-door having fitted above it a nozzle, through which gas produced from the 
coking is admitted to form a flame over some fuel burning on the grate. Only a very trifling amount of such fuel, 
consisting exclusively of the small refuse coke, is used here, its function being really more that of igniting the gas 
than that of giving off heat. These grates when in regular work are not charged with fuel more than twice every 
twenty-four hours. 

The products of combustion pass from the fireplace along a flue under the oven floor to the end farthest 
from the fire, and return along another flue under the floor to the fire end. They then ascend by a@ flue in 
the partition wall to the uppermost of several horizontal flues formed therein, and descend in a zigzag direction 
along these flues, finally passing into a horizontal channel leading to a chimney. Thus the coke oven is heated 
not only at the bottom in the usual manner, but also evenly at the sides, and the coal with which it is charged 
becomes rapidly and completely coked. No air is allowed to enter the ovens. These ovens are fed with coal 
through openings in the roof, over which coal-trucks are run on rails; and the coal is evenly distributed by rakes 
introduced at end openings provided with doors faced with refractory material, which doors are closed and kept 
tightly luted while the oven is in operation. The feed-holes in the roof are also provided with covers. Through 
the middle of the roof rises a gas-pipe provided with a hydraulic valve, which closes the passage by a lip projecting 
down from it into an annular cavity surrounding its seating, in which it is immersed in a quantity of tar and 
ammoniacal liquor lodged there during previous distillations. The volatile products of the coal-distillation rise by 
the gas-pipe and are led through a range of pipes kept cool by external wetting, so that the tar and ammoniacal 
liquor become condensed and separated from the combustible gas. 

The quantity of these by-products depends, of course, mostly on the nature of the coal used, as the richer the 
coal is in bitumen or gas the greater the value of the by-products. 

Much also depends on the proper conduct of the temperature at the different stages of the coking process, for 
it is quite possible to obtain even from the same coal different proportions, quantities, and qualities both of the 
coke and the by-products. Practical experience must in each case determine what is best adapted to local 
requirements and circumstances. 

The cooling-pipes are conveniently arranged in pyramidal form, surmounted by a water-pipe having numerous 
holes, so that a shower of water descending on the uppermost and the outermost is scattered over all their 
surfaces. 

The gas, when thus separated from the condensed materials, is further passed through scrubbers or vessels 
containing coke moistened by the ammoniacal liquor, which, on being repeatedly-used, becomes stronger and 
stronger, until it reaches saturation, when it may be run off into reservoirs, to be treated in the ordinary way for 











a Now (December, 1882) building additional ovens. a 
b Partly from a paper read before the British Iron and Steel Institute by Mr. Henry Simon, and partly from Dr. Angus Smith’s 
fourteenth and fifteenth reports under the alkali acts. 
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the preparation of ammoniacal compounds, or sold in its crude state for the manufacture of soda. 
by-products having thus been withdrawn from the gas, it is led by pipes to the nozzles at the fireplaces under the 


sole of the ovens, where it is burnt. 


SIEMENS-CARVES OVEN. 
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All valuable 


It has been found that the extraction of the gas from the ovens by artificial means (say a Beal’s exhauster, 
Similar to those used in gas-works) is more regular, and therefore preferable to extraction by the natural draught 


of the chimney only, as the latter varies often according to wind and temperature. 
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When a charge is nearly finished and ready to be taken from the oven some trucks full of coal are placed 
ready on the raiis going along on the top of the ovens and over the charging-holes. The two end doors are then 
opened, The mass of coke, measuring about 30 feet long by 2 feet thick and 6 feet high, is pushed out at the 
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back of the oven and upon thebank by means of aram or piston, worked by a portable steam-engine running on rails 
in front, and similar to the weil-known arrangement used ,with the Coppée ovens. The ram can be brought 
opposite to each oven in turn. The coke is then quenched as usual. 
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Immediately after the discharge of an oven the tops are opened, and the coal from trucks emptied into the 
hot oven and raked level. The doors and top openings are then closed again, and the process begun afresh. The 
operations of discharging and refilling, when well conducted, need not take more than ten or fifteen minutes. 

The Terrenoire Company, in France, originally introduced this process in the year 1867, and has since then, 
from time to time, increased the number of ovens at their different works; but their proportions and method of 
construction have, during these years, undergone continued and considerable alteration and improvement. 

Experience has shown that a great deal depends upon the dimensions of the vertical sections of these ovens. 
At the outset they were made too wide and too low, and the density or hardness of the coke was, under such 
circumstances, not such as was desirable; but from a width of 6 feet 6 inches, they have been gradually reduced, until 
at present they are 2 feet only, with a height of at least 6 or 7 feet. 

The effect upon the hardness of the coke by the reduction in width has been quite beneficial. M. Jouguet, the 
director of the Bességes works of the Terrenoire Company, gives the following table, showing resistance to crushing 
of six different kinds of coke, experimented on by him in 1880: 


[Resistance per square centimeter in kilograms. ] 


Kilograms 
1. Coke from Carves ovens of 70 centimeters width (27,8, inches) ...... 222. ccccce cece cocece cccccc ccc cocces 66. 46 
9. Coke from Carves ovens of. 66 centimeters width (26.inches):----< 2j-cepeceseese cs coo cee sees ace see aeeaeee 79. 72 
3. Coke from Carvés ovens of 50 centimeters width (19}} inches).-.--...-.-...-------- énealeeaws <eww auvic enue 92. 32 
4. Coke from bee-hive ovens’of 50 centimeters width--- 2). cscs. os acme isan meee ict: sis aerea slestetae eels eee 43. 92 
5. Coke from Belgian ovens of 50 centimeters Width. ..20..¢..0aves ance ane ee ee meee 53. 12 
6." Coke from Coppée ovens! of 50 centimeters width’... oo. cnc. san sane eeasieealeess o> aise sa vesiacclessmieiees 80. 50 


Nos. 1 to 3 show clearly that the hardness of the coke increases as the width of the oven or the thickness of 
the layer of coal treated decreases. 

The time required for each charge varies according to the description of coal and the dimensions of the oven. 
In ovens of a width of 2 feet a charge is finished every 48 hours; in ovens of a width of 3 feet 60 to 70 hours 
are required. 

At the Bességes works steam is produced to the extent of about 45 pounds and of 44 atmospheres pressure 
per hour and per ton of coal coked, and under more favorable circumstances it is thought 59 pounds of steam 
should be obtained. As at Bességes 1,400 kilograms (3,080 pounds) of coal are carbonized per oven and per 
24 hours, it follows that, taking about 174 pounds of steam as necessary to produce one horse-power per hour, 
each oven gives about 3} horse-power of motive power, and could be driven to about 43 horse-power. (a) At 
Bességes all the machinery required in the manufacture of coke and its by-products is now being driven by 
steam raised in this way, and there remains a large surplus, which is used in the blowing-engines for the Bessemer 
process for lifting charges to furnaces, ete. 

At Saint-Etienne, in France, coke was for many years made upon a somewhat similar system, but the 
manufacture was discontinued in favor of Carvés’ system, which gives greatly superior results in every way. 

‘There can be no doubt that much of the prejudice existing against these ovens and this system as the results 
of early trials was just. The latter results also seem to indicate that the disadvantages of the earlier ovens 
have been removed. The present increased heating surface of the ovens is the principal cause of this change for 
the better; for whereas in the first ovens the heating surface per ton of coal charged was only 18 square feet, and 
was applied exclusively under the sole of the oven, in the last ovens the heating surface per ton of coal charged 
amounts to about three times as much, namely, 54 feet, and surrounds almost entirely the charge of coal, which 
is much thinner than before. 

The cost of ovens varies considerably, according to local circumstances. On solid ground much less expense 
is occasioned in foundations. 

I annex a translation of the actual expense incurred in constructing the last battery of a hundred ovens at 
Terrenoire, which are each 19 feet 8,3; inches (6 meters) long, 2 feet 6 inches (0.73 meter) wide, and 5 feet 7 
inches (1.70 meters) high. The length of the ovens but for local circumstances would have been greater, as 
thereby the power of production per oven is increased, with almost no increased expense of working. Each of 
these ovens takes a charge of 5 tons of coal, and produces at the rate of from 1,100 to 1,400 kilograms (22 to 28 
hundred-weight) of coke per 24 hours, according to the quality of coal used and the quality of coke required. The 
time occupied by one operation with this size of oven is from 60 to 72 hours. 





a Or, to express it more clearly, a battery of 100 ovens will furnish steam for about 400 horse-power over and above the making of 
the coke and the rendering of the by-products. 


Number Price Number Price 
Masonry. of cubic | per cubic Total. Masonry. of cubic | per cubic Total 
meters. meter. meters. | meter. y 
1. Ovens complete, including flues: Francs. eancsoel 18. Woodwork, ete., for engine-house : aranee! rane 
Digging out foundation.......-....-. 660. 87 2.00 | 1,321.75 damiber for house and shartings...-.cfiseesesmetetecnec«.ac- 0: 800. 00 
(ON ORE OSS OB tert an tae Oe ee CCE 803. 75 12, 00 9, 645. 00 | Hour windows/andstwoidoOrs.. sesecaloct enon edie eee Cake 304. 65 
Rough REOMIEN S ceue ce disc on coumaertaicmlas 100. 00 11. 00 1, 100. 00 | Painting Sis ute S's mis wise /aiminim: oie binig £6 ainls ele ais| om mma waiaie.eiellinie aieie aia kie ares 455. 00 
ROCIO K estes wes be nap ooee tte od oth 1, 828. 82 25.00 | 45, 720. 50 | (PEPE) psa gst baile tee A a i AA Es ag Lops | eo 78. 00 
Sree Bi ee eee cs Me Pat i Lied 1, 358. 00 90. 00 | 122, 220. 00 | HHAE 5 Saree ese ay oe oe an A eR ee Sees ed * 208. 00 
2. Discharging platforms: | PROS ee ote ee eel ek a aiat oe |. walle nee epi Sanaa 165. 00 
Digging out foundation............. 32. 00 2. 00 64. 00 
BROH A CONES =< 40 ace clos esio nate =a mie 6. 40 11. 00 70. 40 |} | mie 
Dressed stone....--.--.---------+---- 6. 40 60. 00 384. 00 | Railway lines, doors, and fittings. Quantities.| per 100 Total. 
PRC OUDELO BS or celia niacisciein yess sistas sia 79. 40 25. 00 1, 985. 00 | kilograms. 
3. Four chimneys: | - 
Digging out foundation............-- 94. 01 2. 00 188.00 | 19. Railway lines: Kilograms.| Francs. | Frances. 
Rough stones...-.----. -----++++-+--- 77. 10 11. 00 848.10 Rails. and chairs.< sce. san aes <ee.ce cm 10, 780 25. 00 2, 695. 00 
Red brick. .-...-.------+--+-+-+-++++- 340. 08 25. 00 8, 502. 00 Stone nnderchainsscere. a= sepevceus cee LSOGO tre seat ae pees 210. 00 
Miste-DIIOkew s- -kfege =e iene aoa ce cielo es - 16, 28 90. 00 1, 465.20 || 90, Doors: 
4. Flues to Beal's exhauster, pumps, and Casisiron=a se ceaene tea -te nc eens 30, 380 25. 00 7, 595. 00 
condensing eI ’ a | Wroughtironeceeees Sse ete see see 5, 200 30. 00 1, 560. 00 
Digging out foundation ....-....-.-.. 274. 55 2. 00 519. 10 || 21. Fittings : 
Rough stones...--- ---------+++--+--- 119. 49 11. 00 1, 314. 40 Wrouehtironee. aide es seen seek: 33, 334 30. 00 10, 600. 20: 
Red brick..-....---------s0e0+0e++--- Mg 2a. 00 711.25 || 99, Discharging-machine or ram: 
5. Engine-house : Machine for discharging coke from |............|...-...-.--. 12, 600. 00 
Digging out foundation.-......-...-- 277. 81 2. 00 555. 60 | ovens. P 
EGHUTELO Re fhe oe sc aceise seascelalcces 55. 12 12. 00 661. 45 SleSpers a-eace ee suieesetacts MSoeCennae 120 7. 00 840. 00 
Bete aboved oo.) eetinds ee coce cons 143. 85 11.00! 1,582.35 RAUGert Che omnes eee ra teres ee 12, 100 25. 00 3, 025. 00 
NT eh ok wna 18.72 25, 00 468. 60 | eet eet Cee eae RE Acero aie 2, 250 25. 00 562, 50 
6. Foundation for engine: Laying lines and fixing machinery-..|....-...---.|.---,----<-: 415. 00 
Digging out foundation............-. 54. 93 2.00 109.85 | 23. Apparatus used in collecting the by- 
enseete Meine Oe. sd. 2 27. 48 12. 00 329.75 | products; era 
coe, yA Ripe ee ie ee 18.59 25. 00 464. 75 capes OS the valve-boxes, 21, 000 25. 00 5, 250. 00 
BRIE EO 5 = mins m ata nnn ld Gp. 00 201.60 Pipes connecting the valve-boxes, 2, 490 25. 00 622. 50 
7. Foundations for Beal’s extractors : | cast-iron. 
Digging out foundation........-..-.. 3.70 2, 00 7.40 | Valve-boxes with covers, cast-iron. -- 19, 000 25. 00 4, 750. 00 
MP OTIOMOE Cas ice nete na tices cas Sao event 2. 69 12. 00 32. 30 Valves with rods and keys, cast-iron. 1, 000 25. 00 250. 00 
COMMA TON OS. see oiia ic croitiw,pie ance vile 3. 24 11. 00 35. 65 CoCks CasblrOnwen anew cwelctens ctiarat 3, 700 25. 00 925. 00 
NOTEABEOUSTONC cst ate each oe eae ec ae a econ 1. 60 60. 00 96. 00 IN OZZIES VCARt-ITOM eee ech. a aeinese 2, 900 25. 00 725. 00 
8. Pump foundations: Furnace fronts and doors, cast-iron. - 35, 700 25. 00 8, 925. 00 
Digging out foundation...........--- 1. 65 2. 00 3.30 Grate-bars, cast-iron...... ----------- 13, 200 25. 00 3, 300. 00 
“Sheen teat He tae, Te ach een 1. 65 12. 00 19. 80 | Plugs for top charging holes, cast- 9, 000 25. 00 2, 250. 00 
| iron. 
Becca aries se 2 tae" foe pee pen Gas exhaust pipes, cast-iron.......- 11, 500 25.00 | 2, 875. 00 
WD SeSSed) SUON CEs ene =<er == saeeesae- ee. 1. 86 60. 00 111. 60 | ; z El 
: | Pipes conducting gas back under 9, 000 25. 00 %, 250. 00 
9. Masonry under engine floor: | furnace, cast-iron. 
Rough stones...------- --+++-++--++-- 2.23 11. 00 24. 55 | Pipes receiving gas from the ovens, 28, 000 25. 00 7, 000. 00 
OOMNNTS Clcnatat ais sa pass si cidhinn soa wetne's 3. 03 25. 00 75.75 | cast-iron. 
10. Masonry for Field’s boilers: ae: gas-pipes to furnace, cast- 8, 000 25. 00 2, 000. 00 
a F ; 5 aaenil , 
ge rere |) aig | sate eo iy, One Htemmetatnoy Idineh oylinder, 202200 2. 15, 00,00 
oon ral 314-inch stroke. 
Red brick....--+++-+++0+eeee- 2 seee 2 25. 00 922. 25 Two field boilers, with fittings....... bch dealt MNT lel 8, 000. 00 
ONE Oe Cecchi nh atn wa cudbnine 16 a 90. 00 999. 90 | eee iy ota tts i. an uae PMA. 2, 000. 00 
11. Feed-water tank : EBWOL Deal SO XClACtOLae ee aan eemes ic cele e ccse cm mecca crs alk fectne 5, 000. 00 
SER EL G a Peatetele a) oe a elcid eta miele eieiel = pola 2. 25 25. 00 56. 25 | PWelvien SCLUDUOrS oc cee meee tee coats lee besetode cules wee teeta 12, 234. 15 
12. Serubbers: | Orenvatertank+-ssssetes 52 eaeene 420 50. 00 210. 00 
Digging out foundation.........-.... 17. 01 2. 00 34.00 | Two safety-boxes, cast-iron.-.....--- 2, 000 25. 00 500. 00 
MeO Ua SLONED = sce arapatate ale o a\~ sere onie 26. 47 11. 00 291.15 | Two safety-boxes, cast-iron..-....... 1, 400 25. 00 350. 00 
OMG det. cide (oracle Sind cele dy ig se 8. 43 25. 00 210.75 | Tad forjoints..) rosso) Secures. 7, 693 40.00 | 3,077. 20 
13. Settling tank: Six NG ae tanks, each 60 cubic 17, 940 65. 00 12, 831. 00 
igging LODise saws orale i= ht 00, 10 2. 00 200. 20 | meters capacity. 
Bere ee Feat bh tite enon ah Pulleys, cone pulleys, bearings, gear-| 2,547, -100.00 | 2,547.00 
Reais. Sa epee te L7 25.00 48, 75 | ane, ond pions dap ebateing,ca6tr 
14. Condensing tank: Brass for bearings...-...---- ene | 230 4.50] 1,035.00 
Digging out foundation.......------. 70. 68 2. 00 141.35 | Wrought-iron work for shafting..-... 1, 395 100. 00 1, 395. 00 
OUCH StONER co seenn vaesles bosses 1. 48 11. 00 16. 30 | Eleven leather belts........... (i ets 297 | 8. 00 2, 376. 00 
PEC DIGIC. ot sees. ustetulsaace ees 0. 68 25. 00 17. 00 | POLS ee eee hic st AN diets 1, 828 80. 00 1, 462. 40 
15. Other tank : Pipes between furnaces and exhaust- | 62, 000 25. 00 15, 500. 00 
Digging out foundation...........--. 3. 68 2.00 7.85 | ers and vice versa, pipes for pumps, 
i Fea steam-pipes, feed-pipes, pipes for 
VOUS D ALONG Sccctatecer ae tensa smaloee sas 23. 15 11. 00 254. 65 | cooling water, ete., cast-iron. 
Rte DrsiGlcsess a eaecs sea abkinas aa sinc: 1.71 25. 00 42.75 | Packing for joints, ebe., SUNULY,OX- 2s -.c-2..2-faceacccas- ne 2, 400. 00 
16. Tar reservoir: | pense (oil, coal, felt, laces, ete.). 
Digging out foundation.............. 3. 67 2. 00 7.35 | 24. Scrubbers: 5 i 
Raed GLONOA a ny woeasisee este ue 11. 04 11. 00 121. 45 | PETER tone eet) ea ee ate opis cilatete oe ein 2.5 cub, m. 140. 00 350. 00° 
edie deh ea oh). 0.75 25, 00 18. 75 Quartz... -....0200e cere eee ee ceeee 151, 600 FOP | 11, 061. 20 
17. Tank for ammoniacal water: 25. med a rue Rae ee thon ge aera ket ee 
Digging out foundation.............. 3. 67 2. 00 PABOMNMORS Cot et CaT meme Gene an eee PRL ete en She orf wee ener ener wes 500. 00: 
ROULN BEONES. onthe esa scaenwemencces 12. 23 11. 00 | 134. 55 a 
BRE, BRIO ato. pe nwann ants omnsc rnin? 0.75 25. 00 18.75 OUAL saees de mciocia teehee “Sonat mah | seeceeeeeees | seeeee seneee 384, £84. 30 
eee en eee a ee ON UM ee Nee A Se ee meaete late Ce oe SS de 
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COST OF CONSTRUCTING ONE HUNDRED COKE OVENS ON THE CARVES SYSTEM AT TERRENOIRE, FRANCE. 


[One cubic meter=1.3 cubic yard.] 
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The table shows altogether, say, about £15,500, or £155 per oven complete, with all machinery and apparatus 
for collecting the by-products, and including rail connections, coke platforms, etc. 

The repairs of these ovens are—care and completeness in their first erection being presupposed—very low. 
At Terrenoire they are given as three halfpence per ton of coke, which will compare very favorably with those 
incurred in other systems. At Bességes, where there is a lot of very old ovens, the cost of repairs, materials and 
labor included, stands now, according to the very exact accounts of M. Jouguet, at under fourpence per ton of 
coke made. The principal repairs are the renewal of fire-bricks over the grates in the sole of the ovens and the 
renewal of the cast-iron doors, which crack and break after a time. The last lot of ovens established at Bességes, 
in August, 1878, had not in 1880 required the slightest repairs. Much, of course, depends upon the temperature 
employed during the process, which, in its turn, depends upon the kind of coal coked and the dimensions of the 
ovens. Narrower ovens, with more rapid carbonization, are subject to higher temperatures, and consequently to 
greater extremes of temperature and liability to injury. Experience goes to show that after the first two years or 
so each oven may on an average lose one or two days a year through repairs. It will therefore be seen that 
although the original cost of the ovens is large, the outlay for repairs is very much smaller than in the bee-hive 
and others. 

At Terrenoire the number of work-people employed on a battery of 100 ovens, producing over 100 tons of coke 
per day, is 48 per 24 hours. This includes 2 foremen and 2 masons for repairs. Their wages are 1843 francs, or, 
say, £7 10s. per day, being at the rate of, say, 1s. 6d. per ton of coke for labor. 

On the other hand, the cost of producing the coke is given by M. Jouguet, of Bességes, as about 3 francs, or, 
say, under 2s. 6d, per ton, including all labor and materials and the cost of repairs. 

Mr. Simon claims the following advantages for these ovens, viz: 

1. Greater yield of coke by about 10 per cent. 

2. Greater purity of coke. 

3. A yield of about 4s. worth of useful by-products per ton of coke. 

4. An almost entire absence of smoke or noxious vapors. 

5. In comparison with any other existing system of coke-ovens, equal facilities for utilizing the heat, and a 
reduced cost for repairs. 

The following table shows the results obtained by the ovens at Bességes during the last twelve years, and up 
to the end of 1879: (a) 


AVERAGE RESULTS OF OVENS ON THE CARVES SYSTEM AT THE BESSEGES WORKS OF THE TERRENOIRE COMPANY. 





























1867. | 1868. | 1869. | 1870. | 1871. | 1872. | 1873. | 1874. | 1875. | 1876. | 1877. | 1878. | 1879. 
Ha | 
Coal consumed s.<- <5 ves 2sc Sense se ete ones oaeale < tons..| 4, 849 | 14, 329 | 14, 641 | 13, 886 | 14, 632 | 14, 215 | 26,998 | 30,057 | 35,451 | 45,331 | 44,754 | 41,797 | 46, 900 
Number of ¢oke ovens !..sssecs st esses eect ar eme ass ce ess cs 25 | 25 25 25 25 25 53 | 53 @ 85 85 (t) 96 
Coke produced s: «22-2. 2252 5ecseoe 6s pets aie ae tons..| 3,075 | 9,054 | 9,575 | 9,272 1 9,760 |, 9,297 | 18, 820 | 20,763 | 24, 462 | 31,720 | 31,065 | 29,166 | 33, e692 
Production of coke per oven and per year...-.-.-.- Opca: 120 | 365 385 375 330 375 355 390 386 | 373 365 355 344 
Tarioptained S202. Sack So scence nce cee taare eee do.... 74 263 296 327 267 228 458 562 585 | 778 766 851 | 1,099 
Ammoniacal liquor obtained...... ......-.-. ..--- Gana. 60 1, 073 1,220)" 3, 118 79 794 1,683 | 3,256 | 3,214 | 4,459 | 4,396) 38,995 4, 393 
Sulphate of ammonia made}..-.......-.--.---....-- US PS ae 56 | 60 50 46 42 7 113 | 97 158 172 129 nee 
‘Yield of coke according to books ....-...--.-- percent..| 63.5 63. 2 65. 3 66.7 66. 7 65. 2 69.7 69. 0 69. 0 69.9 69. 4 69. 8 70. 5 
Yield of coke after deduction of water contained in 67.2 67.2 69. 8 69, 8 70. 5 69.5 73.0 | . 73.0 73.4 74.4 73.8 74.2 § 75 
washeil coal, per cent. 
“Lar. periton of colts sc-meesaeecey ee eee ease kilograms..! 15.6 17.6 20. 0 17.0 18.3 16.0 17.0 18.6 16.5)° 174 Lit 20.4 23. 4 
“Lar per ton of COKG sn. cemelawe se oon dan eeietenele ae do....| 24.3 29. 0 30. 0 25. 0 27.4 24.7 25.7 27.1 24. 0 24.5 24.9 29. 2 GE Ne. 
Ammoniacal liquor per ton of coal ......-.-------- pCa Sel ich = aged 75.8 76.0 73.0 66. 9 55. 7 62.5/ 108.5] 91.0 | 983] 98.2 95. 6 93. 6 
Ammioniacal liquor per ton of coke......----.----- OW hes) aosesese 118.0 117.0 | 109.0) 100.4 85. 5 94.1 157. 0 | 132. 0 / 140.6 | 141.8| 137.0] 132.7 
eR Tee aera under grates per ton of coke made, |..-..-.-. 46.0 28.0 16. 0 17.0 18.6 20.3 21.4 | 22%) 11s5 11.0 15.2 15.9 
grams. 





























* During the first eight months of 1875, 53 ovens were at work. During the last four months of 1875, 85 ovens were at work. 

+ During the first four months of 1878, 85 ovens were at work. During the second four months of 1878, 53 ovens were at work; during the last four months of 
1878 96 ovens were at work. 

+ The making of sulphate of ammonia was given over in December, 1878; since then the ammoniacal liquor is sold direct. 

§ Yield calculated after deduction of the water contained in the coke as well as of that contained in the coal after it is washed. 


In all industries the subject of waste is a most important one, and in many the profit of to-day is from the 
waste of ten years ago, which better methods have saved. Our resources of coal to-day may be enormous, and the 
need of economy not apparent, but every waste of these resources is the act of a spendthrift. Dr. Angus Smith 
says in one of his yearly reports that “the present method of making coke in England has all the appearance of 
reughness and savagery which extravagance always produces”. He might extend the charge to coking in this 
country. 











a There were at the close of 1882 three works in France using the Carvés system—Tamaris, Terrenoire, and Bességes. The total 
‘amount of coke produced by this system at these works is about 300 tons per day. 
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PLATE XXVII.—Biotite Granite, Red Beach, Maine. 
XXVIII.—Biotite Granite with Epidote, Lebanon, Grafton county, New Hampshire. 
XXIX.—Biotite Granite, Fitzwilliam, New Hampshire. 
XXX.—Marble, Mallett’s Bay, Vermont. 
XXXI.—Marble, Mallett’s Bay, Vermont. 
XXXII.—‘‘ Lepanto” Marble, Isle La Motte, Grand Isle county, Vermont. 
XXXIII.—Marble, Sutherland Falls, Vermont. 
XXXIV.—Marble, Rutland, Vermont. 
XXXV.—Marble, Swanton, Vermont. 
XXXVI.—Marble, Mallett’s Bay, Vermont. 
XXXVII.—Marble, West Rutland, Vermont. 
XXX VIII.—Hornblende Granite, Peabody, Massachusetts. 
XXXIX.—Biotite Granite, Westerly, Rhode Island. 
XL.—Hornblende Biotite Gneiss, Middletown, Connecticut. 
XLI.—Hornblende Granite, Grindstone Island, Jefferson county, New York. 
XLII.—Marble, Port Henry, Essex county, New York. 
XLITI.—Sandstone, Hummelstown, Dauphin county, Pennsylvania. 
XLIV.—Marble, King of Prussia, Montgomery county, Pennsylvania. 
XLV.—Triassic Sandstone, Seneca creek, Maryland. 
XLVI.—Limestone Breccia, Point of Rocks, Maryland. 
XLVII.—Serpentine, Harford county, Maryland. 
XLVIII.—Marble, Swain county, North Carolina. 
XLIX.—Biotite Granite, Burnet county, Texas, 
L.—Marble, Rogersville, Hawkins county, Tennessee. 
LI.—Sandstone, Amherst, Lorain county, Ohio. 

LII.—Waverly Sandstone, SunLury, Delaware county, Ohio. 
LII.—Limestone, Dayton, Montgomery county, Ohio. 
LIV.—Limestone, Bedford, Lawrence county, Indiana. 
*LV.—Biotite Granite, Iron township, Iron county, Missouri. 
LVI.—Marble, Payson, Utah. 

LVII.—Stalagmite Marble, Solano county, California. 
LVIII.—Marble, Indian Diggings, El Dorado county, California. 





* Plate LV: for Maryland, read ‘‘ Missouri”’. 
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LETTHR OF TRANSMITTAL. 


WASHINGTON, D. C., February 19, 1883. 
Hon. CHARLES W. SEATON, Superintendent of Census. 

Sre: In accordance with your request, I have examined and revised the following report upon the building 
stones and quarry industries of the United States. 

This work was undertaken jointly by the Census Office and the National Museum, and placed in charge of the 
late Dr. George W. Hawes, then curator of the department of mineralogy and lithology in the National Museum. 

The work as planned by him comprised the collection of very full and complete statistics from all quarries in 
the United States doing business during the census year to the extent of $1,000, and the making of a collection of 
quarry specimens for examination for the purpose of this report and for deposit in the National Museum as a 
reference collection. These plans contemplated also a thorough study of the building stones with reference to their 
hardness, durability, beauty, chemical composition, microscopic structure, and geological relations. Dr. Hawes 
lived long enough to see his plans well under way, the collection practically completed, and much of the microscopic 
and chemical workdone. His health failed in the fall of 1881, and he was obliged to give up work, when his principal 
assistant, Mr. F. W. Sperr, was placed in temporary charge. Dr. Hawes’ health continued to fail, and at last, on 
June 22, 1882, he died, at Colorado Springs, Colorado. 

Not long after, Mr. Sperr’s health failed, and he was obliged to give up the control of the work, when it was 
left in charge of Mr. Thomas C. Kelly, by whom it was brought to its present stage. 

As assistants in the field-work of this investigation Dr. Hawes enlisted the services of many of the most 
prominent geologists and mineralogists of the country, and to them is duein great measure whatever success may 
have been attained in this investigation. They have devoted to it much valuable time and attention, and in every 
way have shown the utmost interest in prosecuting itthoroughly. Many of these gentlemen have also rendered 
valuable services in furnishing manuscript notes regarding the quarries of their respective districts, which, from 
the local knowledge of the author, is of great value. The statistics and the information concerning the quarries 
were gathered by the following gentlemen in the areas indicated : 

In Maine, Rhode Island, and that portion of Massachusetts east of the Connecticut river, Professor N. S. Shaler, 
of Harvard university, Cambridge, Massachusetts. 

In New Hampshire, Vermont, and that portion of Massachusetts west of the Connecticut river, and of New 
York east of the Hudson and above the latitude of the north line of Connecticut, Professor C. H. Hitchcock, of 
Dartmouth college, Hanover, New Hampshire. 

In Connecticut, and New York east of the Hudson and south of the latitude of the north line of Connecticut, 
Mr. Harrison R. Lindsley, of New Haven, Connecticut. 

In Manhattan Island and cities in the immediate vicinity of New York, Professor Alexis A. Julien, of the School 
of Mines, Columbia college, New York city. 

In the portion of New York west of the: Hudson, and New Jersey outside of the immediate neighborhood of 
New York, Professors George H. Cook, director of the geological survey of New Jersey, and James C. Smock, of 


New Brunswick, New Jersey. 
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In Pennsylvania, Mr. Charles Allen, of Harrisburg, Professor J. P. Lesley, state geologist, and Messrs. 
Ashburner, Lehman, D’Invilliers, and other members of the second geological survey of that state, and Messrs. F. 
W. Sperr and Thomas C. Kelly. 

In Maryland, Delaware, and Virginia, Professor J. H. Huntington, Boston, Massachusetts, Professor Charles 
E. Munroe, United States Naval Academy, and Mr. H. K. Singleton, of Mississippi. 

In Ohio and Indiana, Professor Edward Orton, Columbus, Ohio. 

In Kentucky, Professor J. R. Procter, state geologist, Frankfort, Kentucky. 

In Michigan, Wisconsin, and Illinois, Professor Allen D. Conover, Madison, Wisconsin. 

In Minnesota, Towa, and Dakota, Professor N. H. Winchell, state geologist of Minnesota, Minneapolis, 
Minnesota, and Mr. W. J. McGee, Farley, Iowa. 

In Missouri and Kansas, Professor G. C. Brodhead, state geologist of Missouri, Pleasant Hill, Missouri. 

The statistics in the southern states were collected by Mr. Henry E. Cotton and Dr. A. Gattinger, of Nashville, 
Tennessee, and those of the west by Mr. William Foster, of Denver, Colorado. 

A number of assistants, who also rendered much valuable service, was employed by the gentlemen above 
mentioned. In addition to the above list of regular assistants upon this work, a great many persons aided in 
extending the scope of the work, especially by bringing to notice some of the great undeveloped resources of the 
country. | 

The unfortunate death of Dr. Hawes necessitated a considerable change in the character of the report. It 
became necessary to curtail what might be called the scientific portion, that relating more purely to lithology, thus 
giving greater relative prominence to the economic side of the subject. With this exception the original plans of 
Dr. Hawes have been carried out as far as possible. 

The following is a sketch of the topics under which the report is arranged: 

Following the introduction, which consists of the discussion of general matters relating to the subject, are tables 
showing the number of quarries, the capital invested in them, product in the census year, and its value, and other 
details regarding labor, means of transportation, etc. These tables are given by states and by general classes of 
rocks, and form a general exhibit of the extent of the quarry business in the country. The quarries of each state 
which is of importance in this respect are then taken up in detail, the general facts regarding the individual 
quarries being given in tabular form, with location, kind of rock, structure, quality, color, geological formation, ete. 
Descriptive text follows each table, and is intended to fill out and complete the matter in the tables in such a way 
as to give the details which are desirable to be known regarding the quarries of importance. Then follow a 
description of the use of stone in most of the principal cities of the country, the extent to which it is employed, the 
kinds of stone principally used, and other matters of importance connected with this subject. This description is 
accompanied by a table showing the proportion of stone buildings in each city, the class of stones principally used, 
and their sources, and the stone employed for foundations, pavements, etc. A short table of exports and imports 
of stone and a brief discussion of a few notable foreign ornamental stones close the report. 

In the following report it will be observed that a comparatively small portion of the work bears the name of 
Dr. Hawes as author, but the amount of this matter must not be taken as in any way the measure of the share 
which he had in the work. Not only are the inception and plan of the entire work due to him, but a large 
proportion of the material from which this manuscript was made was collated and drafted roughly by him, though 
not put in shape for publication. He plowed, sowed, and cultivated that others might reap. 

The chemical work of the report and the classification of the limestones were done by Mr. F. P. Dewey, of the 
‘Smithsonian Institution, and his report upon the general methods em ployed by him is included in the introductory 
matter. . 

The microscopic examination of the rocks commenced by Dr. Hawes was completed by Mr. G. P. Merrill, 
of the Smithsonian Institution, and his report upon this subject also is included in the introductory matter. 

The illustrations of polished rock surfaces, representing some of our most beautiful and serviceable rocks, were 
drawn in water color by Mr. Henry J. Morgan. 

The chapter upon methods of quarrying, machines, and tools used in such operations was prepared by Mr. 
F. W. Sperr. . | 

The great bulk of the text, consisting of descriptions of the quarry regions and individual quarries, and of the 
use of stone in construction in the principal cities of the country, was in the main compiled by Messrs. Sperr and 
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Kelly from descriptive notes furnished by the different special agents enumerated above. The degree of fullness 
of these notes depends, therefore, not so much upon the importance of the quarry industries in the different districts 
as upon the extent of the descriptive matter furnished by the different special agents; and it is doubtless true that 
undue prominence has on this account been given to certain regions. For example, the quarries of the state of Ohio 
have been described in great fullness of detail, while the marbles of Tennessee receive but a passing mention. It 
does not, however, appear to be advisable to throw away a large part of this information for the mere sake ot 
producing uniformity. 

The notes of Professor Shaler regarding his district are so full and elaborate that it has been thought best to 
present them, with little change, over his own name. The same is the case with those for Illinois, Wisconsin, and 
Michigan, by Professor Conover; for Iowa, by Mr. W. J. McGee, and a portion of the notes concerning Missouri, 
by Professor Brodhead, the state geologist. 

In the chapter upon stone construction in cities New York city is treated exhaustively by Professor A. A. 
Julien, who in addition to this furnished a paper on the very important subject of the durability of the building 
stones in actual use in the country. 

It should be borne in mind that the statistical tables deal in general oni with quarries which produced during 
the census year to the value of $1,000 or upward. This excludes not only a large number of small quarries, but 
also many which have in years past produced very extensively, but which were worked little or not at all during 
the census year. 

Nearly all the quarries of the southern states, with the exception of the marble quarries of Tennessee, fall 
within one or the other of these classes. For instance, out of a large number of quarries in North Carolina, scarcely 
one, under the above definition, should be represented in the tables. 

In this portion of the country this industry is yet in its infancy. The slight demand for stone in construction, 
owing to the relative cheapness of other building material, especially wood, and the fact that the region contains 
but a small urban population, have combined to delay its development, and to-day the south is but beginning to 
realize its immense resources of this kind. 

The reader will doubtless find in the text, and penecially a in that portion relating to stone construction, in cities, 
many references to quarries which are not represented in the tables. These apparent omissions, in the majority of 
cases, fall into one or the other of the above classes of intentional omissions, that is, of quarries whose importance is 
not sufficiently great to give them place in the statistical tables, or where the quarries, although large and important, 
are worked spasmodically, as occasion requires, and were not worked extensively during the census year. Still, as 
this is practically the first attempt which has ever been made to obtain the statistics of this industry, it is very 
possible that some important quarries have escaped notice, although every precaution for obtaining completeness 
which had suggested itself to those having the matter in charge was taken. Wherever practicable, the local 
knowledge of the state geologists, and of others more or less directly interested in this industry, was utilized, and 
it is believed that, under the circumstances, the omissions have been reduced to as small a quantity as possible. 


Very respectfully, yours, HENRY GANNETT 
4 JIN ~ 


Geographer and Special Agent Tenth Census. 
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THE BUILDING STONES OF THE UNITED STATES AND STATISTICS OF THE QUARRY INDUSTRY. 


CHAPTER I.—INTRODUCTION. 


By Dr. GEORGE W. HAWES. 


Materials for building may be divided into two classes, natural and artificial. Ofthe former class may be 
mentioned, as the principal members, wood and stone, and of the latter class, brick, artificial stone, and iron. The 
industry of extracting stone for building purposes has been, for convenience in this report, denominated the quarry 
industry. This term is not accurately descriptive, since all the materials extracted from quarries or open mines 
are not here described. Coal, metallic ores, limestone when quarried for lime or for fertilizing, and phosphate 
of lime when quarried for the latter purpose, may be noted as exceptions. 

The importance of this investigation will be recognized when it is known thatthe subject has received little or 
no attention heretofore in this country, although immense sums are spent annually upon stone as a material in 
construction. 

The first, and indeed the only attempt, so far as known, to bring into notice our resources in building stone was 
made at the late centennial exposition at Philadelphia, when a general invitation was sent to quarrymen to forward 
specimens for exhibition. This was generally responded to, and a beautiful collection was the result; but it was 
by no means exhaustive or representtive, inasmuch as it was a purely voluntary collection. 

Many experiments upon the strength of building stone have been made, notably by the officers of the United 
states engineer corps, and the results, published only in a fragmentary way, are more or less inaccessible. 
Strength, however, is but one of the factors which determine the relative value of the stone. The factor, primarily, 
is its accessibility, as the most valuable stone is of but little use for extensive building operations if far from water 
or railroad transportation. Next in importance is its durability, as well as its capability of resisting climatic 
influences; and this is a subject upon which very little has been said or written. It is a subject upon which it is 
extremely difficult to experiment, and yet in this respect it is most desirable that we should possess information. 
Such knowledge can be gained only by experience, and in many cases dearly-bought experience, and it is therefore 
important that all facts relating to the durability of stone under the influences of climate should be collated and 
brought into juxtaposition with one another. 


THE COLLECTION. 


The considerations already advanced show the desirability, in connection with a work of this kind, of making 
a systematic collection of specimens of building stones. The popular names ‘given to building stones vary in 
different parts of the country, and the same name is in some cases applied to most diverse materials. Such 
words as granite, trap, blue-stone, flag-stone, etc.,do not designate stones in such a manner as to enable one 
to judge of their appearance or characteristics, and, beyond its necessity for purposes of classification, a collection 
is of such value to architects and builders as to justify its accumulation at government expense. At the centennial 
exhibition in Philadelphia in 1876 many of our best stones were placed in direct comparison with those from 
foreign countries, and visitors were surprised to find that our country possessed materials for which we have been 
in the habit of looking to other lands. This collection was made the subject of a report‘by Professor J. F. Newberry, 
of the School of Mines, Columbia College, New York ‘city, which report forms one of the most prominent 
contributions to the literature upon the general resources of the country in stone. 
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This collection, however, did not claim to be either systematic or complete. The Census Office has aimed at 
system and uniformity in the collection and treatment of specimens, in order to insure fair comparison. The size of 
the specimens was determined by such considerations, it having been the intention that every quarry of importance 
in the country should be represented in the collection by a cube with edges four inches long. These specimens are: 
dressed in the following manner: 

Polished in front. 

Drafted and pointed on the left-hand side. 

Drafted with rock-face upon the right-hand side. 

Entirely rough behind. 

Rubbed or chiseled upon top and bottom. 

The aim has been to show the appearances of the stone when subjected to such treatment as it will receive 
when applied to construction and ornamentation. The polished surfaces render prominent many peculiarities. 
of structure and composition which are not evident upon rough surfaces. The only modification that has been 
allowed has been in the treatment of the front face, which, when incapable of being polished, has received the 
highest finish which it can be made to receive. 

The specimens are of such size as to admit of easy handling and close examination, and are easily accessible to 
all interested in their study and comparison. The centennial collection has been united with these, and the whole 
forms one of the attractive features of the National Museum in Washington. 

A number of treatises upon building material have been issued in European countries, and the cradeness of 
their statements concerning the quarries of America is most striking when one notes the size of this collection 
and the diversity of its specimens. The statements, however, are not to be wondered at, since the authors. 
have had little accessible American literature. It might, however, be assumed that a country of this extent, 
possessing so great diversities in physical features, would possess a great variety of building stones. . 

It may be said in general that at this stage of the development of the stone industry in the country there are 
few quarries which do not produce material possessing something or other to recommend them and to give them 
an excuse for existing. This can scarcely be otherwise in a Jand which possesses such an immensity of undeveloped 
resources in stones of the finest quality. 

The collection, however, brings one thing most prominently forward, and that is that at the very doors of 
buildings constructed of stones brought from great distances materials equal or superior are often found. The 
lack of confidence in home resources has very frequently caused stones of demonstrated good quality to be carried 
far and wide, and frequently to be laid down upon the outcropping ledges of material in every way their equal. 
Development of local resources follows in the wake of good information concerning them, for the lack of confidence 
in home products cannot be attributed to prejudice. The first stone house erected in San Francisco, for example, 
was built of stone brought from China, and at the present day the granites mostly employed there are brought 
from New England or from Scotland. Yet we have no stones in our collection possessing more qualities to 
recommend them than California granites. 

Some of the results of this general ignorance of the resources that this country affords in the way of building 
stones is shown by the use of stones brought from the Atlantic sea-board in the public buildings of the Mississippi 
valley. Some of the prominent public and private buildings in Cincinnati, for instance, are constructed of stone 
that was carried by water and railway a distance of about 1,500 miles. Within 150 miles of Cincinnati, in the sub- 
Carboniferous limestone district of Kentucky, there are very extensive deposits of dolomitie limestone that afford a 
beautiful building stone, which can be quarried at no more expense than that of the granite of Maine. Moreover, 
this dolomite is easily carved; it requires not more than one-third the labor to give it a surface that is needed by 
granite. Experience has shown that the endurance of this stone under the influences of weather is very great. A. 
building in Bowling Green, Kentucky, which has been standing over forty years, retains the chisel marks with alk 
the clearness they had the day they were made. Yet, because of the want of some authority of an absolute sort, the 
fear to use this stone has so far kept it from finding a market and has led to the transportation of stone half-way 
across the continent. 

In all other mining industries the product shows the fitness for its use almost at the moment of its production, 
so that, if the government secures the exercise of proper precaution in the carrying on of the work, the character: 
of the products may be left to be determined by the laws of trade. But in building stones there is always the 
question of endurance under the action of the weather, which cannot be determined in any easy way. The external 
aspect of the stone may fail to give any clue to it; nor can all the tests we yet know determine to a certainty in 
the laboratory just how a given rock will withstand the tests of absorption of our own variable climate and the 
gases of our cities. The cities of northern Europe are full of failures in the stones of important structures. The 
most costly building erected in modern times, perhaps the most costly edifice reared since the great pyramid,. 
the parliament-house in London, was built cf a stone taken on the recommendation of a committee representing. 
the best scientific and technical skill of Great Britain. The stone selected was submitted to various tests, but 
the corroding influence of a London atmosphere was overlooked. The great structure was built, and now it. 
seems questionable whether it can be made to endure as long as a timber building would stand, so great is the: 
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effect of the gases of the atmosphere upon the rock. This is only one of the numerous instances that might be 
cited in which a neglect to consider the climatic conditions of a particular locality in selecting a building material 
has proved disastrous. Stones having a high ratio of absorption, or which absorb water readily, are not likely 
to be durable in a climate subject to alternations of dampness and hard freezing; and, as before mentioned, the 
acid atmosphere of manufacturing cities is injurious to stones made up largely of carbonate of lime. Professor 
Hull, in his work on the building and ornamental stones of Great Britain and foreign countries, gives the following 
as the most instructive examples of “buildings in Great Britain of limestones and dolomites which have shown 
disintegration from the influence of rain charged with acid: Saint Mary’s, Redcliffe, in Bristol; the new houses of 
parliament, and the chapel of Henry VIII in Westminster Abbey. The first is built of oolitic limestone, the second of 
dolomite, the third of Caen stone, the white limestone of Normandy, of Jurassic age”. Professor Hull states further 
that the presence in humid or wet climates of smoke, or sulphurous, hydrochloric, and other acids, powerfully aids 
the destructive effects of rain or moisture, as the rain itself takes a considerable amount of the acid from the air 
and spreads it over the exposed surfaces of the buildings; and that, therefore, for such climates limestone of 
especially soft, granular, and porous kinds should as far as possible be avoided; also, sandstones which contain 
a notable percentage of caleareous matter in the form of cement should not be used. 

Some of the “black granite” or diabase rocks of New England decay rapidly when exposed to the weather, yet 
they are, in appearance, of enduring quality. 

In a communication to the Census Bureau, Professor N. S. Shaler, of Cambridge, Massachusetts, says: 

A few years ago I found the stone from one of these diabase quarries being used for the foundations of the most costly buildings ever 
erected by Harvard college. A century of exposure would be sure to convert a large part of the faces of these foundation stones into dry 
sand. It was by a mere chance that I was able to make an effective protest against its use in this building. I know that it has been used 
in scores of other buildings in the same region. 

There are many other stones in use in this country that are open to the same objections; they are fair looking, 
but have not the necessary endurance, under certain atmospheric conditions, which makes them fatal elements of 
weakness in any architectural work of importance. 

It is not possible for the architect or the builder to make tests and accumulate information concerning the 
particular qualities of this or that stone; nor is it possible for any association such as the national societies of 
architects to do justice tothe problem. The result is that it is very hard to bring anew quarry stone into use unless 
it is essentially like some of those already extensively employed. No one builder is willing to assume the risk that 
may come from the experiment, especially when he is not likely to have the profit that may arise from the use of the 
cheaper stone. There can be no question that in this way we are debarred from the use of many of the best and 
cheapest building stones that the country affords. Professor Shaler advises substantially the following plan: 

In proposing to myself a method whereby a source of necessary information concerning the building stones of the country may be 
established, I have taken care to make the element of interference on the part of the state as small as possible. It seems to me that the 
following plan may serve to accomplish the end in view without undue expenditure or overregulation. ‘There should in the first place be a 
national collection of building stones whereat the architect may be able to see a sufficient representation of all the building stones the 
country affords. 

The admirable system followed by the Tenth Census has already accumulated at Washington an excellent foundation for such a 
collection. By the simple plan of having large specimens of the stones heretofore used in all public buildings added to this collection, 
and further by letting it be known that architects would confer a favor by submitting specimens of the stone used by them, avery valuable 
collection could be accumulated. In addition to this interior cabinet there should be an open-air collection designed to show the effects 
of weathering upon the various classes of building materials. This collection would necessarily occupy a good deal of ground, for in 
many cases several courses of stone, one on top of the other, would be necessary to show the full effect of weathering. The attitude of 
the wall with reference to the sun, frost, etc., is a matter of importance. It should also include water-cement, roofing materials, and 
various forms of terra-cotta, from common brick to decorative work. In fact such a collection should be essentially an experimental 
station on construction materials. 

With the view of accomplishing more perfectly the large purposes that could only be accomplished by such a museum, I would suggest 
that the whole matter of strength of materials used in public edifices should be placed in the control of its superintendent; and that, on 
the payment of a small fee, the laboratory connected with the museum might examine into the composition and character of building 
material submitted to it. Each subsequent decennial census will give a chance to revise and extend the researches of this museum. 

In addition to the ordinary specimens of building stones, quarry-owners were invited to represent their material 
in the National Museum by a larger specimen, dressed by themselves and forwarded at their own expense. To 
this invitation many quarrymen have responded by sending dressed foot cubes or slabs, pedestals, etc., many of 
which are very beautiful. We have not allowed the prominence thus given to individual quarries to modify or 
prejudice our opinion of the material. No injustice has thus been done, as no effort was made to gather these 
blocks, and any one had, and still has, the opportunity, if he wishes, to supplement his exhibition with such blocks. 
Our 4-inch cubes are, however, to us the most satisfactory specimens, as showing the nature of the material and 
forming a systematic collection which it would be impracticable to attempt to make of larger blocks. 

One of the large halls in the National Museum at Washington has been set apart for the exhibition of this 
census collection of building and ornamental stones, and no trouble has been spared by the authorities in the 
attempt to show euch specimen to the best advantage. They are placed in glass cases, in front of a suitable back- 
ground; each rests on a block, and a card designating the stone and the features of particular interest in 
connection with it is tacked upon this block, where it can be easily read. 
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The centennial collection before mentioned, or so much of it as was presented to the Smithsonian Institution, 
is placed in the hall. The addition which it has made to the census collection is mostly composed of foreign stones. 

The supervising architect of the treasury, Mr. Hill, has also kindly given a large portion of the collection 
which has accumulated in his office, to be used in the study and in supplementing the collection. 


THE MINERALS IN BUILDING STONES. 


A stone is of little consequence for purposes of construction unless it exists in large quantities, and therefore 
the principal constituents are the commonest of minerals and few in number. Microscopic examination increases 
the number of the species quite considerably, and at times those present in smallest amount are of great importance 
in the determination of economic properties. As these minerals are sufficiently described in any mineralogical 
treatise, it is only necessary to mention the names of those which occur in building stones. 

The mineral compositions of stones are much simplified by the wide range of conditions under which the 
commonest minerals can be found, thus allowing their presence in all classes of rocks. Thus quartz, feldspar, 
mica, hornblende, and pyroxene can be found in a mass cooling from a state of fusion; they can be crystallized 
from solution, or be formed from volatilized products. They are, therefore, excluded from no classes of rocks, 
since there is no process of rock formation which determines their absence. ; 

Most of the commonest minerals, like feldspar, mica, hornblende, pyroxene, and the alkaline carbonates, possess’ 
also the capacity of adapting themselves to a wide range of compositions. Feldspar, for example, can take more 
or less silica, lime, soda, or potash into its composition. Hornblende and pyroxene may be pure silicates of lime 
and magnesia, or iron and manganese may take the place of a portion of these bases. Lime carbonate may 
be very pure, or magnesia may take the place of any proportion of the lime. 

These considerations indicate the reason of the extreme simplicity of rocks.as regards their chief constituents, 
and that whatever may be the composition of a mass within the limits which nature allows, and whatever may be 
the conditions of its origin, the probabilities are that it will be essentially formed of one or more of a half dozen 
minerals in some of their varieties. 

But however great may be the adaptability of these few minerals, they still are subject to very definite laws 
of chemical equivalence; there are elements which they cannot take into their composition, and there are 
circumstances which retard their formation while other minerals are crystallizing. Therefore, in a mass of more 
or less accidental composition, other minerals may always be expected to form in considerable numbers and minute 
quantity. 

For convenience we may therefore divide the minerals into two groups: the first to contain those minerals with 
their varieties which compose the mass of rocks, and any one of which may be the chief ingredient of a rock ; 
and the second to contain those which never compose the mass of a building stone, and are, when present at all, 
usually present in small amount. 

The following is a list of the mineral constituents of most building stones: 





1. Quartz. ELEMENTS. 

2. Feldspar. 10. Iron. 
2a. Orthoclase. 11. Copper. 
2b. Microcline. 12. Carbon. 
2c. Albite. 13. Graphite. 
2d. Anorthite. SULPHIDES. 
2e. Labradorite. 14. Galenite. (Lead glance.) 
ih see ia At 15. Sphalerite. (Zince-blende.) 
29° Oligoalases ; 16. Pyrrhotite. (Magnetic pyrites.) 
2h. Triclinic feldspar (undetermined species). 17. Pyrite. (Pyrites.) 

3. Mica. é 18. Chalcopyrite. (Copper pyrites.) 
3a. Muscovite. 19. Marcasite. (White pyrites. ) 
3b. Biotite. y 20. Arsenopyrite. (Mispickel, or arsenical pyrites.) 
3c. Phlogopite. 
3d. Lepidolite. CHLORIDE. 

4. Amphibole 2 Rorbiencs: 21. Halite. (Common salt.) 
4a. Tremolite. 
4b. Actinolite. FLUORIDE. 


4c. Common hornblende. 
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bipyrosene: 22. Fluorite. (Fluor-spar.) 


5a. Malacolite. OXIDES. 

5b. Sablite. 23. Tridymite. 

de. Diallage. 24, Opal. 

5d. Augite. 25. Corundum. (Emery.) 
6. Calcite. 26. Hematite. (Specular iron.) 
7. Dolomite. 27. Menaccanite. (Titanic iron.) 
8. Serpentine. | 28. Magnetite. (Magnetic iron.) 
.9. Talc. 29. Chromite. (Chromic iron.) 
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OXIDES—continued. HYDROUS SILICATES. 
30. Limonite. (Hydrous iron oxide, rust.) 60. Petalite. 
31. Spinel. 61. Laumontite. 
32. Rutile. 62. Prehnite. 
33. Pyrolusite. (Manganese binoxide.) 63. Thomsonite. 
64. Natrolite. 

ANHYDROUS SILICATES. PR toe 
34. Enstatite. 66. Chabazite. 
35. Hypersthene. 67. Stilbite. | 
36, Acmite. 68. Heulandite. 
37. Glaucophane. Ns Harmotome. 
38. Beryl. 70. Kaolin. 
39. Chrysolite. (Olivine.) 71. Chlorite. — 
40. Danalite. : 71a. Jeffersonite. . 
41. Garnet. 72. Ripidolite. 
42. Zircon. 73. Penninite. 
43. Epidote. 74. Prochlorite. 
44, Allanite. 
45. Zoisite. PHO APTEATIe 


46. Iolite. (Cordierite.) 
47, Scapolite. 

48. Elacolite. 

49. Sodalite. SULPHATE. 
50. Cancrinite. 76 
51. Chondrodite. 

52. Tourmaline. 


75. Apatite. 


. Gypsum. 


53, Andalusite. rina ae pte 
54. Fibrolite. 77. Aukerite. 

55. Cyanite. 78. Siderite. 

56. Topaz. 79. Rhodochrosite. 

57. Datolite. 80. Aragonite. 

58. Titanite. (Sphene.) 81. Malachite. 

59. Staurolite. 82. Azurite. 


METHODS OF STUDY. 


The methods usually applied to the study of building materials are eminently practical. The required qualities 
of good stones are well understood, and direct processes are employed in order to ascertain the strength, hardness, 
and durability. Experience most of all has aided in the development of knowledge, and this sometimes has been 
gained at great expense. Though the results of actual practice are the final criterions, they are too slowly gained, 
and hence scientific and practical study can be combined to the advantage of those using stone. 

On the other hand, the application of scientific methods to economic problems, while bringing the later results 
of study into the domain of daily life, has never been carefully performed without incidentally developing some 
things of interest and value to science. There are no absolute rules to lay down by which stones are to be judged, 
however simply such are recorded in the text-books. 

Stones which have lain in the quarry for years, and which show the effects which time can produce, are usually 
inferior specimens that have been rejected, and quarries which have produced bad materials may also subsequently 
produce the best, and vice versa. 

The methods which have been employed in the study of compositions and structures are, however, such as 
require some explanation. 

The purposes of the work demand a determination of the compositions and structures of the various rocks, as 
these in combination with the location and geological features determine the applicability of the stones and explain 
their peculiar properties. The microscopic examination of thin sections leads most directly to the desired results. 
This method of study in the hands of the microscopic lithologist has been most fruitful in developing valuable and 
interesting knowledge of a scientific character. By its means the nature and the composition of almost all of the 
commonly-occurring rocks have been determined, and geological progressin later years has been modified and directed 
to a certain extent by the results of microscopic study. Exactly those same features which are of importance in 
scientific study are the ones which determine the value and appearance of building stones; and there is no distinction 
between the scientific and the practical. 

The method will here be described with the least detail that will render the accompanying plates comprehensible 
to those who are interested in the results but unacquainted with the method. Any who wish to apply the method 
will seek fuller information in the treatises devoted to the subject. 

A thin fragment of stone with a circumference equal to that of a silver quarter-dollar is knocked from the 
larger block with a hammeror a pitching-tool; or when difficulties are encountered in obtaining thus a favorable 
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piece, the same is sawed off from the block with a diamond saw. When a flat, smooth surface has been ground 
upon one side of this chip, and which reaches the outer circumference of it at every point, the chip is glued firmly 
upon a slide of glass, by means of hot Canada balsam, in such a way that the new, smooth surface is very nearly 
in contact with the glass. The Canada balsam hardens on cooling, and the stone will adhere to the glass with 
great tenacity. The glass slide thus furnishes a support, by means of which the stone can be held in contact with 
a revolving disk supplied with wet emery, and ground away on the other side until it becomes thin and transparent. 
By means of graded emery the stone is reduced to a very thin film; a good section being less than one-thousandth 
of an inch in thickness; and under this treatment even the most opaque stones which are employed for building 
purposes become transparent. It will be seen that in a section thus prepared the film which remains is composed 
of sections through the components of the rock, and that its grains or erystals have been undisturbed. An 
examination of the section by means of the microscope will show not merely the various substances which compose 
it, but also the method according to which they are arranged and by which they are attached to one another. 
With a magnifying power the minutest inclusions can be recognized, and by the application of optical methods 
the ingredients can all be determined. It is found that 
a the stones which we ordinarily employ are much more 
complex in composition than once was thought, and the 
minerals which compose the stones are frequently different 
from what would be supposed by examination with the 
unaided eye. For the improvement and preservation of 
the section it is usually transferred to a new, clean slide, 
and covered with a thin film of glass, which is firmly fixed 
by gluing with Canada balsam. 

The examination of thin sections has been found most 
useful to botanists, zoologists, and pathologists, who have 
long employed the method for most important examina- 
tions. The method was recommended to the mineralogists 
by Cordier in 1816, but neither chemical nor optical methods 
were then enough advanced to render its use practicable. 
Thin sections were made by Mr. H. Whitham in 1831, when 
studying the microscopic structures of fossil plants, which 
necessitated making thin sections of materials practically 
according to the method described. Mr. H. C. Sorby first 
applied the microscope to lithology, and discovered many 
facts. Since that time a score of lithologists have oceupied 
their time in cutting sections of all possible stones, and 
have developed a knowledge of their compositions, struct- 
ures, and features, but as a rule with strictly scientific ends 
in view. 

THE OPTICAL EXAMINATIONS.—If sections prepared 
as described are placed upon the stage of the microscope, 
simple observation will indicate that most stones are com- 
plex; that their ingredient minerals are more or less im- 
pure; that they possess peculiarities of cleavage, fracture, 
and color; that in some cases they are more or less decom- 
posed; that they are united with one another in very different ways in different cases, and that a variety of minerals 
is frequently present in small amount not visible to the unaided eye. 

It will also be noticed that all the sections of the same minerals do not look alike, and that there is a probable 
difference between many which do look alike. This is especially the case in the white minerals which are present in 
considerable numbers in building stones, and other minerals with weak colors become white when ground so thin, 
In order to identify the minerals present it is necessary to use certain optical appliances which develop more 
individual peculiarities. When the polished surface of a stone is examined, its appearance is determined by the 
character of the light which it reflects. The amount of light reflected from the outer surface determines its 
brilliancy, the light reflected from internal surfaces imparts iridescence and reveals structure, and the light 
absorbed determines the color of the stone. But when a section of a stone is examined the appearance of this 
section depends upon the character of the light which it transmits. The colors which are reflected from a surface 
may be quite different from those which are transmitted by the body, and the general appearance of a section, 
therefore, is entirely different from that of a surface. . 

When light enters from a medium of one density into a medium of another density, as, for example, when it 
enters from the air into water, if its direction is oblique to the surface separating the two substances it is deflected 
toward a perpendicular to the surface. This is called refraction, and the relative amount of the deflection which 
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is caused when light enters different substances from the same medium is expressed by the index of refraction. 
Minerals possess great differences in their indices of refraction, these differences being manifested in thin sections. 
A mineral which possesses a high index of refraction, and which consequently deflects a beam of light to a greater 
degree, is apparently thicker than a mineral with a small index of refraction, since the refraction causes a 
retardation of the light, which is equivalent in effect to the thickening of a mineral with a less refractive index. 
Moreover, the surface of a section being covered with Canada balsam, the appearance of this surface is modified by 
the refractive properties possessed by a section. If a mineral possesses a high index of refraction there is a greater 
difference between its index and the index of the balsam than in the case of a mineral with a low index of refraction, 
and consequently its surface will appear rough, since all the asperities which this surface possesses will become 
evident on account of the alteration in direction and the change of velocity which will take place when the light 
emerges from the surface of the section. The minerals of crystalline rocks possess generally quite high indices of 
refraction, and the beauty of polished surfaces is much enhanced thereby. The effects of refraction are much 
modified by the crystalline structure of the minerals, and are dependent upon this structure. 

A crystal, in the modern acceptation of the term, is a homogeneous substance, the ultimate particles of which 
are definitely arranged. The physical properties, such as 
cleavage and hardness, which are of importance in build- P 
ing stones, are determined by this molecular arrangement. 
If a crystal develops in a space surrounded by fluid or 
by plastic substances, it will develop into a form bounded 
by planes which, in position and direction, are character- 
istic of the substance. In rocks, as a general rule, there 
has been no opportunity for such crystalline development, 
and the substances by their mutual contact have so inter- 
fered with one another in their development as to give 
them forms which are arbitrary and, to a certain extent, 
accidental. The internal arrangement of the substances in 
crystalline form is, however, as perfect as if the external 
forms were characteristically developed. Iocks may there- 
fore be said to be made up of crystals which, in some cases, 
as in porphyries, possess characteristic form, but which 
usually are granular and irregular in form, and are either 
united upon their edges or cemented together by some 
interposed foreign substance. 

One of the fundamental properties of crystals is that 
the light which passes through them passes in definite 
directions and is submitted to definite modifications. An 
ordinary beam of light is composed of vibrations which 
differ from the vibrations of sound in that while sound is 
propagated by vibrations the axes of which are parallel 
with the direction of propagation, light is composed of 
vibrations which take place in all directions perpendicular 
to the direction of the beam. ‘The color of a beam of 
light depends upon the duration of the vibration, and the 
intensity depends upon the amplitude. Ifa beam of light 
enters from the air into a non-crystalline structure it -P 
suffers no further modification than the simple refraction; Bias s. 
if it enters a crystal it may pass through it as through 
a non-crystalline substance, or it will be modified in such a way as that the vibrations which have been stated 
to take place in every direction about the axis of transmission will all be reduced to two planes which are at 
right angles to each other and are definite in direction. As to the method in which the light is modified in passing 
through the crystal, that depends upon the nature of the substance and the degree of symmetry which the crystal 
possesses. The simplest illustration of such a modification is seen by examining a dot through a piece of the 
ordinary calcite or Iceland spar; the dot will appear double, and the two apparent dots will have different 
appearances, dependent upon the difference of refraction of the two parts of the ray, which are separated in the 
erystal and are vibrating at right angles to each other. If a ray of light has passed through a crystal, and has 
had its vibrations thus all reduced to two planes, one of the two portions of light is what is called polarized; and 
the effects of this kind of light can be much better observed if by means of some contrivance one of the sets of 
vibrations can be absorbed so that a light can be obtained, al] the vibrations of which take place in a single plane. 
Polarized light, then, as distinguished from ordinary light, is light the vibrations of which occur in one plane 
instead of taking place in an indefinite number of planes, as in ordinary light. Such polarization can be effected 
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in a variety of ways. By passing through a plate of tourmaline cut parallel to the axis of the crystal the light, as 
previously explained, is divided into two sets of vibrations at right angles to each other, one of the sets being 
almost entirely absorbed, while the other is mostly transmitted as a polarized beam. Polarization is ordinarily 
effected by passing a beam of light into a erystal of calcite, which is cut in such a manner that one set of 
vibrations is allowed to pass through while another set is reflected away. A crystal so modified as to accomplish 
this object is called a Nicol prism, as such prisms were first made by the celebrated scientist Nicol. 

Let us suppose that a beam of light is allowed to pass through a Nicol prism, and that its vibrations are all 
reduced to one plane, which vibrations take place parallel to the shorter diagonal of the Nicol prism, as represented 
in the accompanying Fig. 1; P P will then represent the plane of vibration of the light. If the aforementioned 
plate cut from a tourmaline crystal be now placed above this Nicol prism so that the long axis of the erystal plate 
shall coincide with the line P P, the crystal when looked through will be illuminated by light, the vibrations 
of which take place parallel to its axis, and it will appear of a color brown or blue, according to the variety of 
tourmaline thus examined. If upon this same 
Nicol prism the plate of tourmaline be laid with 
its long axis perpendicular to the line P P, as 
shown in Fig. 2, the light passing through the 
Nicol prism will have its vibrations confined to 
a plane perpendicular to the axis of the tourma- 
line, and in this direction, as has been before 
mentioned, the tourmaline allows but little light 
to pass. A tourmaline crystal, therefore, placed 
above a Nicol prism, will appear light when 
placed with its axis parallel to the short diagonal 
of the Nicol prism, and dark when placed with 
this axis parallel to the long diagonal; and in 
general the appearance of crystals may depend 
more or less upon the relation of their axes to 
the planes of vibration of the light which passes 
through. This difference is expressed by the 
word dichroism. A great many minerals are 
dichroic, as is abundantly illustrated in the 
figures. 

If the Nicol prism shall remain in the same 
position as before, and the tourmaline crystal 
shall be placed in a diagonal position, then the 
light which, after passing through the Nicol 
prism, vibrates in the plane P P meets the tour- 
maline crystal in a plane which coincides neither 
with its longer axis or the perpendicular thereto, 
as shown in Fig. 3; it therefore cannot pass 
through the crystal in the plane P P, since, as 
before explained, the only planes in which the 
light can pass through this crystal are a plane 
parallel or a plane perpendicular to the axis of 
the crystal. Meeting now the crystal in an 
oblique direction, the ray can only pass through 
it by resolving itself into two parts, according 
to the parallelogram of forces. 

Let a b represent the intensity of the vibration as it emerges from the Nicol prism; this ray will divide itself 
into the part b c, which will pass through the crystal in the plane T T and into the part b d, which is perpendicular 
to the line T T, and which, as far as possible, will pass through the crystal in this direction. The crystal in this 
position will be illuminated by the light which passes parallel to the two directions at right angles to each other 
in the crystal, and will appear as if examined by ordinary light. 

The above explanation of dichroism will explain a great many of the differences in the appearances of minerals 
when seen in their sections under the microscope; and it also explains a number of appearances which are commonly 
observed without the aid of instruments. For example, when one looks through a crystal of mica in a direction 
perpendicular to the lamineg, the color is determined by the light which vibrates in directions parallel with the 
lamine, and is of a certain color. If one looks at a crystal of mica in a direction parallel with the lamine the 
crystal is illuminated partly by light which vibrates perpendicular to the lamin, and the color is consequently 
different. The dichroism of minerals, thus determining a great many of their appearances, is of both economic and 
scientific importance. 


or 
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If the light which has passed through the Nicol prism in the plane P P, as before explained, shall be compelled 
to pass through another Nicol prism exactly like the first one, but placed in a direction with its short axis 
perpendicular to the plane P’ P’, the light will meet this Nicol prism in such a way that the light cannot pass it; 
for this Nicol prism, being like the first, reflects away all of the vibrations which enter it parallel to its longer diagonal. 
Through two Nicol prisms placed in this position light cannot therefore pass, and the portion of the field covered 
by both of them will appear dark; and if the tourmaline plate be interposed between them with its long axis parallel 
to the short diagonal of the lower Nicol prism, the light after passing through the lower Nicol prism will pass through 
the tourmaline as before explained, and will be cut off as before by the upper Nicol prism. The interposition of the 
tourmaline will therefore produce no effect, and it will appear black when thus placed between two Nicol prisms, as 
indicated in Fig. 4. 

But let it be supposed that two Nicol prisms be placed together, with their shorter diagonals if the directions 
P P and P’ PP’; that the crystal of tourmaline be placed between them in such a way that its axis does not correspond 
with the diagonal of either Nicol prism, as shown in Fig. 5, the light will, as before shown, be resolved into two parts. 
in order to pass through the tourmaline in 
the planes ac and ad. If we follow the 
course of the ray a ¢c, we find that it meets 
the second Nicol prism in a plane which 
does not correspond to either its shorter 
or its longer diagonal; as the light must 
pass into the prism parallel to one or both 
of these diagonals, the ray a ¢ is again 
divided according to the parallelogram of 
force and enters the Nicol prism in two 
planes with an intensity and a direction 
represented by ae and ag. The light 
vibrating in the plane ag isin the upper 
Nicol prism reflected away, and only the 
light represented by a e passes through it. 
If we follow the course of the ray repre- 
sented by a d in like manner, it is seen that 
it must be divided into two parts, vibrating 
in planes respectively parallel to the shorter 
and the longer diagonal of the Nicol prism, 
and in like manner represented in direction 
and intensity by the linesak and am; ak 
in the upper Nicol prism is lost by total 
reflection, and am passes through. We 
now see that by the interposition of the 
crystal with its long axis placed diagonally 
a decomposition has been brought about 
by means of which two rays, represented 
by ae and am, are caused to vibrate in the 
same plane after having passed through 
different experiences. The possibility of 
interference becomes immediately evident, 
for if a greater retardation has been effected 
by passing through the crystal in a direc- 
tion parallel to the prism than in passing perpendicular to the prism, then the two parts can no longer vibrate in 
unison, and when they are brought back into the same plane with each other they will be sure to interfere. This 
interference, in fact, takes place under such circumstances, and the result is the production of most brilliant colors,. 
the tints of which are dependent upon the nature of the substance, the thickness of the plate of the crystal 
interposed, and the position of the plate or section with reference to the diagonals of the Nicol prisms. 

As the position with reference to the Nicol prisms brings about such modification, it is evident that the 
employment of polarized light will develop many peculiarities of structure and arrangement which could not 
otherwise be detected. In polarized light, minerals which may give no indication of their nature in ordinary light 
may exhibit such distinctive properties as render their determination very easy. ; 

Those crystals through which light passes in two planes at right angles to each other, as distinguished from 
those substances through which the light passes without any further modification than a simple change of direction, 
are called double refracting crystals. These crystals show such peculiarities in their double refraction that it is 
possible to classify them into systems identical with those which would result from a study of their outer forms 
were they possessed of perfect external development. 
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The mode of crystallization determines, therefore, the way in which light is modified by its passage through a 
section, and individual substances possess in addition their own peculiarities which enable them to be determined. 
The optical characteristics depend upon the degree of symmetry which crystals possess, and the following are some 
of the properties which substances of like cfystalline character will exhibit: Amorphous substances, such as glass, 
which occurs in the volcanic rocks, and which are without any crystalline structure, will possess the property of 
single refraction, will not modify the light by changing the planes of its vibration, and consequently the effects of 
dichroism and of color with Nicol prisms will not appear, except as they may be caused’ by a strain or unequal 
pressure which may give to such a substance a temporary structure. 

A crystal belonging to the isometric or regular system is symmetrically developed about the central point. In 
such bodies the molecular arrangement is therefore sucb that sections cut in any direction are alike as regards 
two lines which’ may be drawn in the section at right angles to one another; there is consequently no double 
refraction, and such minerals are optically like amorphous substances, save that they may possess definite cleavage, - 
crystalline outlines, inclusions arranged in a definite manner, or some other peculiarities which may demonstrate 
that they belong to the group of regular crystals. Garnet, fluor-spar, and some other substances that are found in 
the rocks belong to this class. | 

Crystals built in the form of a square or of a hexagonal prism, like tourmaline and calcite, possess, however, 
a different degree of symmetry. In a section of 
such a prism parallel to the base, any two lines 
drawn through the center perpendicular to each 
other would intersect the crystal section in the 
same manner, and the two lines would be therefore 
crystallographically identical; there would be no 
cause for double refraction, and the section would 
therefore appear between Nicol prisms like the pre- 
ceding. ; 

If, however, a section be cut from such a prism 
parallel to the long axis, two lines drawn in this 
section perpendicular to each other will divide the 
section in very different manners, and these lines 
will bear different relations to the crystal section. 
A line parallel to the longer direction of the section 
or a line perpendicular thereto will each divide the 
crystal into two symmetrical halves, which, however, 

-in the two cases are quite different. Such a section 
will be double refracting, and when placed between 
the two Nicol prisms will modify the direction of the 
vibrations which will take place in two planes, one 
parallel and one perpendicular to the crystal, and 
one of these sets of vibrations will be retarded 
more and refracted more than the other by passing 
through the crystal. Such a section will therefore be 
colored in whatever position it may occupy between 
the Nicol prisms, save when its long or its short 
axis is parallel with one of the diagonals, as shown 
in Figs. 4 and 5. 

If a crystal be developed in such a way that length, breadth, and height are all different, but so that the 
sides of the prism are perpendicular to the base, as in the case of mica, then sections cut in any direction parallel 
to the sides of this prism will possess the properties which have been above described as belonging to a section 
cut parallel to the long direction of a square prism, for such sections will possess the same degree of symmetry 
and therefore the same optical propertie 

If a crystal is developed in such a way that one of the faces of the prism is perpendicular to the base and 
the others are not, as in the case of common feldspar, then sections parallel to the base and to one side would be 
parallelograms resembling the long section from a square prism, and would have like optical properties. Other 
sections cut parallel to the oblique faces of the prism would be rhomboidal in form, and would not possess such 
lines of symmetry. Lines parallel to the edges of the prism would not divide the section into two parts which 
would be alike on the two sides of the lines, and these lines would therefore no longer determine the planes in 
which the light will pass through the section. No two lines perpendicular to each other in such a section can be 
erystallographic lines, and as the light must pass through such a section, like all others, in two planes which 
are at right angles, these directions must be independent of the crystal edges, and will depend on the individual 
mineral rather than on a general system of crystallization. One single example will illustrate all these principles. 
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Let Fig. 6 represent a crystal of feldspar which belongs to the monoclinic system, last described, and which, if 
thus simply crystallized, would have the planes on the two sides of the lines ac and ad at right angles to each 
other, while the planes on the sides of a b would form an obtuse angle. Sections cut parallel to the base and the 
front face of this prism would then be right-angled parallel- 
ograms, and lines through the centers of these faces and 
parallel to the sides would be at right angles to each other, 
and would divide them into equal and symmetrical halves. 
These represent, therefore, the planes in which the light 
must vibrate in passing through the crystal, and are the 
vlanes which must coincide with the diagonals of the Nicol 
prisms, or interference and colors will be produced. 

The plane on the side, however, is not a parallelogram, 
and lines parallel to its sides are not perpendicular to each 
other. The light, therefore, finds two directions, for ex- 
ample, eg and h i, which are at right angles to each other, 
in which its vibrations take place. These directions, which 
make a certain angle with the lines parallel to the edges a 
eandad, have the same position in all crystals of like 
substances, and occupy different positions in crystals that 
belong to this system, but are of different substances. 
These lines are the lines which correspond with the lines 
parallel to the edges of the crystal in the sections parallel 
to the other faces, and the angle made by the optical and 
the crystallographic lines can be measured, and its determi- 
nation may identify the species of the substance. 

Only one case remains to consider. If a prism is so 
developed that it possesses no right angles, then sections 
parallel to any face are like the face on the side of the 
prism in our example, and therefore all its sections will 
have the properties attributed to sections parallel to that 
face, and no sections will be found in which the planes of 
vibration of the light are parallel to the edges of the prism. Fia. 6. 

A great many more optical effects can be produced by causing other modifications in the light; for example, 
by making it convergent by means of lenses before it passes into the section. Effects thus ohiamed elucidate 
those that have been described, which are seen in simple parallel light. In this work only the optical features 
that have been described are referred to. 

When these principles are applied to the microscopic examination of thin sections we are able to identify all 
of the constituents which the rock contains by means of the differences which the minerals exhibit either in 
ordinary or in polarized light. The determination is simplified by the circumstance that the number of minerals 
which take part in the composition of common building stones is not large. 

When a section is placed upon the stage of the microscope most of the ingredient minerals are transparent, 
and the number which do not become transparent under this treatment is so small that there is no great difficulty 
in discriminating between them. To determine the opaque ingredients the light is cut off from beneath the stage 
of the microscope, when the color of these opaque minerals, as they appear by a reflected light, is seen ; magnetite 
is bluish-black, pyrites yellow, etc. 

Those minerals which are more or less transparent in the section exhibit the colors which they possess by 
transmitted light; but, in accordance with the principles already explained, sections of the same substance may be 
differently colored according to the directions in which their crystals are intersected. A considerable number of 
the minerals may be identified by their colors and appearances, and others may be identified by known peculiarities 
of fracture, cleavage, and decomposition. 

If a Nicol prism is inserted beneath the stage of the microscope it will not essentially modify the appearance 
of most of the minerals, but as it will reduce the vibrations of the light which illumines the section to a plane, the 
phenomena of dichroism will become apparent, and by means of these phenomena some of the ingredients will be 
identified. ’ 

If a second Nicol prism is placed above the first, so that the section lies between the two, then all the phenomena 
of polarized light become evident; and if these Nicol prisms are placed in such a position that their shorter 
diagonals are crossed at right angles, and that the direction of these shorter diagonals is accurately known, 
then the relationship between the diagonals of the Nicol prisms and the planes in which the light vibrates when 
passing through the crystal section can be determined, and little doubt concerning the composition of any mineral 
in ordinary rocks will remain after the application of all these methods. 
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CLASSIFICATION. 


The nomenclature in general use for materials of construction is very simple. It consists of a few popular 
names with no defined significations. These names are derived at times from certain characteristic appearances, 
and sometimes from the uses to which stone is applied. They answer most of the purposes of constructors ; but, 
when examined more critically, stones which pass under the same name are frequently found to be so different as 
to necessitate their wide separation from one another in classification. : 

Some so-called granites in the United States do not contain one of the minerals which compose certain other 
well-known granites, and possess nothing in common with them except their granular structure. Such differences 
in composition essentially modify the economic properties of the stone, and there is for this reason a positive 
advantage in a more extended nomenclature. Closer discrimination in this direction will also necessitate a more 
critical consideration of the stones from different sections of the country. We hear very frequently of such things 
as Ohio sandstone, Maine granite, etc., which are terms that include stones that are incapable of being grouped ;. 
and the cases are not rare in which, by reason of such gencralizations, the good or bad reputation of certain stones: 
has unjustly passed over to its neighbors. 

Individualities of structure and composition of the greatest scientific interest are usually identical with the 
features most important from a practical standpoint, and therefore for our use the scientific nomenclature of rocks 
can scarcely be improved. This nomenclature differs but slightly from that in common use, and this is due to the: 
circumstance that the old popular names given by miners and quarrymen to ores and stones have always been: 
used in mineralogical and geological studies. The great variety of practical applications which these studies find 
in the arts has rendered difficult and impracticable the introduction of such a system of generic and specific names 
as characterizes the more modern sciences, which are not so directly applied in common life; but it is noticeable: | 
that many old names, like trap, greenstone, lava, etc., which still are used in the popular nomenclature, have long 
since been banished from scientific works as meaningless. 

The earth is covered with hard rocks and the loose products of their disintegration. If the hard rocks have 
resulted from a cementation and consolidation of what once was loose material, they maintain the stratified 
character of the original bed. When heat, moisture, or any other agencies have rendered them very compact and 
resistant, they still retain some traces of their original stratified character; and whenever it can be shown that 
a given rock was once composed of those loose products of the disintegration of older rocks, it is called stratified. 
The different members of the stratified group of rocks are often very unlike one another. They are sometimes 
composed of merely cemented masses of sand or pebbles, and their origin is very plainly seen; at other times the 
original constituents and the original structures are both nearly obliterated by subsequent processes of modification. 
Their stratification is in some cases very plain, and modifies the processes which are used in quarrying and in 
dressing the stones, as well as the uses to which they are applied. In other cases the stratification is with difficulty 
detected, and shows itself only when large masses of the stone are seen, or in the greater ease with which the stones 
are worked in given directions. 

The process of cooling from a molten state, through which the earth has passed, has necessitated a constant 
change of volume and consequent strain upon its crust. Thus in every age of the world’s history clefts have been 
formed through which materials have issued in molten condition from the interior of the earth, and have been 
poured forth in greater or less quantity upon its surface. Such materials cooling from a molten condition do not 
possess stratification, but are massive and crystalline. The modern volcanic rocks belong to this class; some of 
these are light, porous rocks, which are easily worked and are much used in countries where they abound. They 
are not employed to any extent in the United States, because there is little construction in those regions where they 
are abundant. The older granitic rocks of this class are hard, compact, and durable. Mechanical forces which have 
acted upon their surfaces for long ages have worn down and removed any soft and porous material which might have 
existed. They are quarried with more difficulty, and consequently are not so extensively employed as the sandstones. 
and the limestones of the stratified group, but they possess such properties as make them favorite materials of 
construction. In general, the sedimentary and the volcanic rocks possess structures that render them more easily 
cut and worked, while the ancient massive rocks are more hard and durable. The ready accessibility of the granitic 
rocks in the most thickly settled portions of America has caused them to be more extensively used among us than 
in any other country in proportion to the amount of stone construction. 

These considerations divide rocks into two principal groups, each of which may be subdivided. The further 
Subdivision depends upon the mineralogical composition of the individual stones, as is indicated in the following 
classification. ; 

If this classification is rigidly adhered to, numbers of rocks which are related by those physical properties that. 
determine the uses to which they are applied are quite widely separated from one another. Gnéiss, for example,. 
is so much like granite that it is often used in the same way for the same purposes. The rocks which are related 
in composition are conveniently grouped together as being the material of one and the same industry, even though 
their mode of origin is recognized as different. 
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The following tabulation forms the basis for comparison of the industries considered in this work, and for 
convenience a name is given to each group, which is either that of its predominant member or that by which the 
Stones that compose it are commonly known: 


1. Granite. Conglomerates. 
Syenite. Breccias. 
Gneiss. 3. Carbonates (limestones). 
Crystalline schists. Common limestones and dolomites. 
Diabase. Crystalline limestones and dolomites. 
Diorite. Shell limestones. 
2. Fragmental rocks (sandstones). Caleareous tufa. 
Siliceous sandstones. 4. Serpentine. 
Feldspathic sandstones. 5. Slate. 


In this report, then, the rocks at present used for purposes of construction in the United States are for 
convenience divided into the following classes: 

1. Crystalline siliceous rocks. 

. Sandstones. 

. Marble and limestones. 
. Serpentine. 

. Slates. 

Rocks popularly known.as marble and limestone are classed together, owing to the difficulty of drawing a 
definite line between the two; all distinctively calcareous rocks are included in this table. 

The group headed “Sandstone” comprehends all the siliceous rocks not included in the tables of the crystalline 
‘Siliceous rocks and serpentine. Materials commonly known as sandstone, freestone, flag-stone, some of the so-called 
“‘blue-stones”, quartzite, and all the conglomerates, except the calcareous conglomerates, come under this heading. 

In the class of crystalline siliceous rocks are placed those popularly known as granite, syenite, gneiss, mica- 
schist, trap, basalt, porphyry, and volcanic rocks. 

Serpentine was quarried during the census year, to a sufficient amount to admit of tabulation, only in 
Pennsylvania, and even here the product was small as compared with that of previous years. The greater part of 
the slate product tabulated has been used for roofing, though a portion of it was employed for sidewalk paving, 
‘tiling, and other purposes of construction. 

States and territories wherein any one of the classes of rocks above described are not quarried for purposes 
of construction are, of course, omitted in the tables devoted to that particular class, though many states and 
‘territories are rich in the undeveloped material. 
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DECOMPOSITION OF STONES. 


There are many more factors which determine the value of stones for purposes of construction than are often 
considered in the elementary treatises upon this subject, and the rules laid down are often determined by the local 
circumstances. A more extensive study of building stones frequently vitiates the rules which apply in limited 
areas. It is, for example, stated that, in order to determine whether a stone will withstand the action of the 
weather, one should visit the quarry and observe whether the ledges that have been exposed to the weather are 
-deeply corroded, or whether these old surfaces are still fresh. This is not a fair criterion, because the applicability 
-of such a test is modified by geological phenomena. North of the glacial limit all the products of decomposition 
have been planed away and deposited as drift formation over the length and breadth of the land. The rocks are 
therefore in general quite fresh in appearance, and possess but a slight depth of cap or worthless rock. The same 
-classes of rock, however, in the south are covered with the rotten products resulting from long ages of atmospheric 
action. They may be rotten to great depths, and the removal of the worthless rock is often difficult. This is due 
to the circumstance that no agencies have here operated to scrape off and remove the loose material from their 
surfaces in recent geological time. 

There are other peculiarities of decomposition regarding which too absolute rules have been laid down. Pyrites 
‘is considered to be the enemy of the quarryman and constructor, as it decomposes with ease and stains and discolors 
the rock. But here, too, there are features which very seriously modify the effect of this decomposing substance. 
Pyrites, in sharp, well-defined crystals, sometimes decomposes with great difficulty. Ifa crystal or grain of pyrites 
is embodied in soft, porous, light-colored sandstones, like those which come from Ohio, its presence will with 
-certainty soon demonstrate itself by the black spot which will form about it in the porous stone, and which will 
permanently disfigure and mar its beauty. If the same grain of pyrites is situated in a very hard, compact, 
non-absorbent stone, the constituent minerals of which are not rifted or cracked, this grain of pyrites may 
-decompose and the products be washed away, leaving the stone untarnished. 

We believe that the microscopic study of these stones is, even in such simple cases as this, necessary for a 
-correct determination as regards the influence of decomposing agents upon the stone. 
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Again, some of the constituent elements of rocks are so frequently found in a decomposed condition that they 
are considered to be deleterious, when present in large quantity, on account of their well-known tendency to 
decompose. For example, olivine indicates a very marked tendency to decompose, as indicated by the vast 
accumulations of serpentine which are so frequently found to be a result of its decomposition; but the circumstances 
which in past time have brought about this decomposition may have been very different from those which are at 
present active, and the prejudice against olivine in a rock is not supported by any observations which indicate 
that it will decompose under the present influences. We wish to bring prominently forward that we consider 
that a decision as to the probable action of the agents producing decomposition in rocks should be largely dependent 
upon careful microscopic examination of the structure of the rock. Our experience has demonstrated that a rock 
of a given character, as regards ultimate composition and mineral constituents, may be easily affected by the 
weather if its constituent minerals, as indicated by their microscopic structure, are so fractured that they are laid 
open to atmospheric agencies through rifts, no matter how small, while the same stone, with the same constituents, 
may be eminently resistible to decomposing agencies if its constituent minerals are sound, whole, and impermeable, 
as indicated by the microscopic structure. 

In the old world, where immense cathedrals, planned long ago, have been in the process of construction for 
hundreds of years, it has not been uncommon to see portions of the building fail into decay before the structure 
was finished, and the process of restoration often consumes large sums of money while the process of construction 
is yet going on. It thus very frequently happens that a variety of stones is used in the construction of the same 
building, because in this process of construction experience is gained indicating inapplicability of the stones used 
for durable structures. In this case it is experience alone which finally dictates the most suitable material; and 
even to this day, here in America, there is no other criterion to apply to a building stone save the test of experience; 
and the result is that buildings can be pointed to which, like those old, immense structures before referred to, are 
already crumbling while yet in the process of construction. 


PRESERVATION OF STONES. 


Disintegration of stone and the method by which this can be arrested has furnished a topic for considerable 
study. The methods which have been applied with most success are to bathe the stones in successive solutions, the 
chemical actions between which bring about the formation of insoluble silicates in the pores of the stone. For 
example: If a stone front is first washed with an alkaline fluid to remove dirt, and this subsequently followed by 
a bath of silicate of soda or potash and allowed partially to dry, and then bathed again; and if the surface is then 
bathed in a solution of chloride of lime, chlorate of sodium or of potassium, according to what is used, an insoluble 
lime silicate is formed. The soluble salt is then washed away and the insoluble silicate forms a durable cement and 
checks the disintegration. If lime water is substituted for chlorate of lime there is no soluble chlorate to wash 
away. 


INFLUENCE OF CLIMATE. 


In addition to the consideration of the humidity of the atmosphere, the influence of the purity of the atmosphere 
is also important in deciding on a building material. For example, in the smoke of Pittsburgh it would make very 
little difference what the material employed for construction might be, so far as appearances are concerned, since 
it would soon assume the gray color peculiar to all the buildings of the city; but the capacity of a stone to resist 
acid vapors would become very important, since the only point necessary to be considered in selecting a stone 
would be as to whether ornamental structures are defaced and disintegrated by the vapor fumes peculiar to this 
atmosphere. 


STRENGTH OF MATERIALS. 


In practice it is not common to place stones where they are obliged to bear more than one-sixth or one-tenth 
of the weight which their crushing strengths, as determined by experiments, indicate that they are able to bear. 
Beside this, there are many considerations which demonstrate that reliance upon experimental data is unsafe. A 
stone that will crush under a given pressure to-day may, if exposed to the weather, crush under a very much smaller 
or very much larger weight after the passage of years, according to the action of the weather upon it. Stones, 
when they crush, usually break in certain lines of weakness, which lines may be arbitrarily situated in the stone 
and difficult to detect, or may be definitely situated and dependent upon structure. As stones from different parts 
of the same quarry, and even from different places in the same layer, frequently vary greatly in strength, it is quite 
important to develop methods by which the strength of stones and their variability in this respect can be more 
easily detected than by the laborious experimental tests upon small cubes. Results of studiés made upon the 
structure and composition of those stones which have been very accurately tested as to their strength are valuable 
contributions in this direction. 
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CHAPTER II.—MICROSCOPIC STRUCTURE. 
By G. P. MERRILL. 


It is not the intention in this chapter to present a purely scientific treatise on microscopic lithology, but rather 
to give a short description such as together with the plates will enable any one with but a slight knowledge of the 
subject to appreciate the variations in structure and mineral composition of some of the more common kinds of 
building stones. What may be considered as typical specimens of the various kinds of rock quarried have been 
Selected, and from the thin sections, prepared as already described, enlarged photographs have been made from which 
the plates have been reproduced. They therefore show the exact structure as seen under the microscope, excepting, 
of course, in the matter of color. In preparing the text the manuscript notes left by Dr. Hawes have been utilized 
so far as possible. 


THE CRYSTALLINE SILICEOUS ROCKS. 


Rocks that are commercially designated as granites are composed in some cases of minerals which are entirely 
absent in other rocks that are also designated as granites. For example, some of the so-called black granites are 
diabases or diorites. But the circumstance that the minerals, although different, are all very nearly of the same 
hardness; that the rocks therefore offer the same difficulties in cutting, in dressing, and in polishing, and that the 
similarities of their appearance render them applicable to like purposes, unite these rocks into a well-defined group. 
In it are included the various granites, syenites, trap-rocks, gneisses, and crystalline schists. 

The structural differences that exist among the rocks of this class, although indicating very different modes of 
origin, are fully recognized in grouping these rocks thus together. 

The nomenclature for these rocks in use among quarrymen shows that they are all related as economic 
products; for example, the gneisses are frequently called “bastard” granites or ‘striped ” granites, as are also 
frequently the mica-schists. The trap-rocks, where they are quarried, are very commonly called “black” granites 
or ‘‘gray” granites, and as a rule no distinction whatever is made between the granites and syenites. Therefore, 
in a tabulation which shall indicate the extent to which the hard crystalline rocks are quarried, and shall give the 
data for comparing one well-defined industry with the others, these rocks are naturally associated together. 

Although, as shown, these rocks do possess common characters that unite them into a well-defined group, they 
possess differences which allow the group to be subdivided both according to the appearances and uses of the stones. 
The granites and gneisses, for example, possess the common characters already referred to, but the resemblance 
extends no further. It is therefore a positive disadvantage to the industry to classify them, as is so frequently 
done, under a common name. Therefore, in the tabulation the common name by which the stones are sold will be 
given, accompanied by the scientific designation. 

These rocks are found chiefly among the older formations and in regions where there have been such 
disturbances as have cleft the crust of the earth and given egress to the fused matters which underlie it. The 
crystallization of these molten materials which have thus been erupted has given rise to many of the rocks which, 
on account of their massive homogeneous structure, are most prized. Quarries of these rocks occur in all the 
Atlantic states, the Lake Superior states, and in the mountainous regions of the far west. Thus the great interior 
basin of the continent is left without rocks of this class, if we except some isolated areas in Missouri, Arkansas, 
and Texas. 

It is not, however, to be inferred that all of the rocks of this group are as old as the rocks which characterize 
these regions. The gneisses and the crystalline schists are very old rocks, belonging mostly to the Archean period. 
The other members of the group are eruptive rocks which have at some period in the earth’s history been molten, 
and have been forced through clefts in these older rocks. There is, therefore, no method of determining their exact 
age in all cases, since the time of their eruption can only be determined as being later than the time when the 
rocks which they intersect were accumulated. It is, however, known that a great many of them are very old, and 
that the time of their eruption was probably identical with the elevation of the mountains and the disturbances 
which would have naturally resulted in producing the clefts through which they were erupted; and itis also known 
that some of them are quite modern in age, since they intersect sandstones which were accumulated in later periods 
of the earth’s history. 
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GRANITE. 


The essential components of the true granites are quartz and potash feldspar. Although the essential minerals 
are but two in number, the rocks are rendered complex by the presence of numerous accessories which essentially 
modify the appearances of the rocks and those properties which render them of importance as building stones. 
These additional minerals are either present in such amount as to be conspicuous and to exercise an influence upon 
the apppearance and structure of the rock, when they are called characterizing accessories, or they are present in 
such small amount as to be invisible to the naked eye, when they are called microscopic accessories. If all the 
minerals which by careful examination have been found in granites should be considered as constituents of the 
rock, then the latter would appear as very complex. At least two-thirds of all the known elements exist in granitic 
rocks, and the number of minerals that are liable to be present in special cases is very large. 

The following list does not include all of those minerals which have been identified in this rock, for many have 
been found under circumstances which are so isolated that their occurrence is entirely exceptional. All of the 
minerals in this list are liable to be found at any time, and may therefore be considered as common constituents of 
the rock, although the presence of them all together is not to be expected, and some of them may be present in such 
minute amount as to be of no practical importance. Any one of them, save the two essential constituents mentioned 
above, may be absent from an individual specimen, or from a granite from a given locality; and any one may be 
present in the specimens from a given locality in such amount as to give a character to the rock. Thus almost any 
one of those minerals which are given as microscopic accessories may assume the character of a characterizing 
accessory ; this is especially true of the iron oxides, which sometimes are present in such amounts as to become 
characteristic : 


Essential: 


Microscopic accessories: 


Quartz. Sphene. 
TFeidspar. Zircon. 
Orthoclase. Garnet. 
Microcline. Danalite. 
Albite. Rutile. 
Oligoclase. Apatite. 
- Labradorite. Pyrite. 
Pyrrhotite. 
Magnetite. 
Hematite. 


Characterizing accessories: 


Titanic iron. 


Decomposition products: 


Mica. Chlorite. 
Muscovite. Epidote. 
Biotite. Uralite. 
Phlogopite. Kaolin. 
Lepidolite. iron oxides. 

Hornblende. Calcite. 

Pyroxene. Muscovite. 

Epidote. 

Chlorite. 

Tourmaline. 

Acmite. 


Inclosures in cavities: 


Water. 
Carbon dioxide. 


Sodium chloride (salt). 
Potassium chloride. 

The feldspar, which is so easily recognized by its cleavage surfaces in all of the granites, is by far more complex 
in composition than has usually been supposed. It is exceptional to find a granite which contains but one kind of 
feldspar, and not merely are two or three species usually present, but the structure and condition of their crystals 
are far from simple. The potash feldspar sometimes exists in the form of orthoclase and sometimes in the form of 
microcline. Microcline is a feldspar of the same composition as orthoclase, but differs from it in crystalline form 
by belonging to the triclinic system, which possesses no right angle. The orthoclase is very commonly seen in 
crystalline grains, in each of which one-half bears the relation to the other half of one crystal revolved 180° about 
an axis in another. Such are called twin crystals. They render themselves conspicuous to the eye in some granites 
by the different positions in which one receives the bright reflections from the two sides. The microcline is divided 
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into such a multitude of twinned parts that they are only recognized by a microscopic examination, and in addition 
two different systems of twinning combine to make the structure more complex. Therefore, in the thin sections, 
while the orthoclase at the most is divided into two parts by a straight line, the microcline as seen in polarized light 
possesses a reticulated structure, which is due to the interweaving of the multitude of lamine that stand in the 
relation to one another of twin crystals. This structure will be noticed in the plates. 

The discovery of this species of feldspar has been one of the develppments of microscopic mineralogy, and 
examination has proved microcline to be one of the prominent constituents of granites. 

The albite, oligoclase, and labradorite are identified in thin sections by the circumstance that they possess also 
a complex twinned structure; but one system of twinning preponderates, so that they possess a banded structure 
which evinces itself in the fine parallel striation that is frequently seen on its bright cleavage surfaces with the 
unaided eye, and in thin sections the same is much more plainly shown by the banded structure that its sections 
possess in polarized light when the crystals are cut in some plane that is not parallel with the plane of the lamination. 
The optical properties of the individual species render it possible to still further identify them; or they may be 
analyzed when it is possible to separate them from the rock. 

The different kinds of feldspar that exist in these granites are sometimes separated from one another in distinct 
grains, and sometimes are interlaminated with one another, forming complex grains. For example, orthoclase and 
albite are frequently combined in the same crystal or grain. 

All of these circumstances of composition and structure are important, for the appearances of granites depend 
largely upon the feldspathic ingredient. The different species are often quite differently colored, and thus at times 
a beautiful mottled appearance is imparted to the stone; if, for example, the orthoclase feldspar is red and the 
albite or oligoclase is white, the effect of this mixture of colors is strikingly manifest. If both kinds of feldspar 
are white, one may be opaque and the other transparent, or one may be opalescent and the other dull. In general, 
many of the most striking characteristics and a large proportion of the immense diversity in granitic rocks are 
due to this complexity in the feldspathic constituent, and its consideration is one of the most important elements 
of their study. 

The feldspar has also an influence upon the cutting of the stone and its shade of color. The so-called hard 
granités consist of quartz with a compact, transparent, nearly glassy feldspar, which is quite difficult to cut, and 
which allows the light to enter it and be absorbed, thus imparting to the stone a dark color, as in the case of the 
Quincy granite. The cause of the hardness of these rocks is not entirely due to the quartz, as is often supposed 
Quartz is always brittle, and is not very variable under tools. The hardness of hard granites is due to the condition of 
their feldspathic constituent, which is variable. The soft granites, however, consist of the same constituents, but 
the feldspar is porous and is thereby rendered soft and less resistant to the tools. The light is reflected under these 
circumstances from the surface and the rock is rendered white. It bears the same relation to the feldspar of the 
hard granites as does the foam of the sea to the water, but of course in a less marked manner. The Concord 
granite may be mentioned as an example. 

The structure of the feldspar modifies the resistibility of the stone to decay, the quality of the polish which 
may be imparted, and the ease or difficulty with which the stone may be discolored or stained. 

The quartz is much more simple in structure, and is subject to many variations in form and appearance, but to 
none in composition. 

Although belonging to what we call the infusible substances, it is evident that in the solidification of the 
granitic rocks such agencies were active as rendered this substance more easily fusible than the other ingredients, 
and it was therefore the last element to take final form in the solidification. This is shown by the way in which 
it occupies the interspaces which were left after the other minerals had crystallized, and it therefore, to a certain 
extent, acts as a kind of cementing material to the other ingredients. Some granites contain large, imperfect 
quartz crystals, which must have been one of the first products of the solidification, but in nearly all granites the 
last substance to solidify is the quartz. 

The microscope indicates that the quartz almost always contains pores which are partially filled with fluids. 
The number and size of these pores are of considerable importance, as they tend to explode when heated, and this 
aids to disintegrate the rock at a high temperature. It is important to note, however, that the various minerals 
which compose granites possess different expansibilities, and this is a cause of the well-known tendency of granites 
to disintegrate in the fire. Granite usually contains about eight-tenths of one per cent. of water, and is capable 
of absorbing a few tenths more. The water permanently present is largely contained in these pores when the rocks 
are fresh, and the capacity for further absorption is due to the rifts and empty pores that are largely confined 
to the feldspar. 

At times quartz and feldspar constitute almost the whole of the rock, and at other times the accessories become 
very prominent. These accessories vary with the locality, and give the characteristics to the various kinds. 

Mica is the most common of the accessory ingredients, and its presence constitutes what is called mica granite. 
If the mica is the white muscovite, the granite may be very light in color and may be almost white, as in the case 
of the Hallowell granite, or the granite from Barre, Vermont. If the mica is exclusively the black variety of 
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biotite, the granite will be dark in proportion as this mineral is ‘present. If both species are present, as is 
frequently the case, the granite will be speckled with alternating black and white shining spots, as in the case of 
the Concord granite. 

The amount of the mica present is economically important. It does not polish as easily as do quartz and 
feldspar, owing to its softness, and the presence of a large amount therefore renders the rock difficult to polish, 
When polished it does not retain its luster so long as do the other minerals, and its surfaces become dulled by 
exposure. Its presence in large amount is therefore deleterious to stones which are intended for exterior use as 
polished stones. The condition in which it exists is also important in this respect. A large amount of mica 
scattered in very fine crystals through the rock influences its value as a polished stone less than does the presence 
of large and thick crystals of mica scattered through the rock in smaller number. The method of arrangement of 
the mica is very important; if scattered at hap-hazard, and lying in all directions among the quartz and feldspar 
crystals, the rock will work nearly as easily in one direction as in another. If it is distributed through the rock in 
such a manner that its lamine are arranged in one definite plane, it imparts a stratified appearance to the rock, 
and when this stratified appearance becomes marked, the stone is called gneiss. One or two causes may give rise 
to this structure, but so far as it exists in granites it is easily explained by the circumstance that slight motions in 
a given direction in a plastic mass will cause all of the flat and long constituents to arrange themselves in a definite 
plane. If, for example, some mica scales or any other thin flat scales are mixed in clay so that they lie scattered 
through it in all directions, and if this clay is pressed so that it is flattened out a little, a section through the clay 
will show that the scales have arranged themselves in a definite plane, an effect produced by the motion of the 
plastic mass induced by pressure. 

As granite is supposed to have cooled from a condition of fusion, the circumstances must plainly have existed 
under which this laminated structure could have been produced, for the mica was crystallized before the rock was . 
entirely solid, as is evident from an examination of its microscopic structure, which shows that the mica invariably 
crystallized before the quartz had taken form. The effects of the parallel arrangement of minerals in granites are 
often evident, even when this arrangement is invisible to the unaided eye. Apparently massive granites cleave 
more readily in one direction than in another, and this plane of more easy cleavage is always detected by quarrymen 
with experience. 

If hornblende is the characterizing accessory, the granites are usually without any evident stratification, as this 
mineral exists in the granites in granular form. Hornblende is subject to as wide variations of composition as is 
mica, but its white and very light colored varieties do not frequently appear in the granitic rocks. Its green.varieties 
occur and give a characteristic shade of this color to the stone, as is illustrated, for instance, in the granite of 
which the new Mormon temple is built. It cleaves parallel to two planes which make an angle of 124° with each 
other, and is thus distinguished from mica, which invariably has but one cleavage. It is easier to polish than mica, 
and its presence is favorable on this account. The hornblende granites are to be classed among the best. 

Pyroxene as a characterizing accessory in granites is more abundant than has usually been supposed. . Indeed 
all rocks which contain pyroxene abundantl¥ have usually been confounded with the hornblende granites. The 
distinction between pyroxene and hornblende is important from an economic standpoint, as horneblende possesses 
a much better cleavage than pyroxene, while the pyroxene is much more brittle than horneblende, and cracks out 
with greater ease in working. The cracking out of little pieces from the black ingredient of the Quincy granites 
has been frequently noticed, and is due to the circumstance that this granite is not the hornblende granite that it 
has been usually supposed to be. Hornblende is very tough, but the Quincy granite contains a peculiar variety of 
pyroxene, which is so brittle that it is difficult to make a large surface on a Quincy granite which does not show 
some little pits, due to the breaking out of a portion of the black grains of pyroxene. 

Although pyroxene and hornblende may be identical in composition, they are frequently associated together in 
the same rock, a circumstance which is very evident in thin sections, but not in the massive stones. The rocks 
which contain hornblende also frequently contain mica, but it is noticeable that under such circumstances the mica 
is always of the dark-colored variety, and an example of a granite which contains both hornblende and muscovite 
is not known. 

Epidote is quite characteristic when present in the granite, giving to it its deep green color. Its crystals are 
always green so far as observed in granite, and the polishing of the stone develops the brightness of this color. It 
is sometimes an apparently original constituent of the rock, and at other times a decomposition product. 

The Dedham, Massachusetts, granite is one of the most marked examples of an epidotic stone. Itis also 
frequently present in all the varieties of granite previously mentioned, and more or less modifies their appearances, 

The tourmaline granite usually occurs in veins of inconsiderable size. Such granites are associated with those 
that are extensively worked, and in themselves are often beautiful, but they do not exist in accumulations of such 
size as to warrant the opening of quarries to work them exclusively. The tourmaline gramtes must, therefore, be 
considered as accessory products that exist in connection with the quarried stones, but which are not extracted for 
economic purposes.—G. W. H. (a) 





a The chapter to this point is from Dr. Hawes’ notes. 
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The granites at present quarried throughout the United States may be classified as follows: 

Muscovite granite. 

Biotite granite. 

Muscovite-biotite granite. 

Horneblende granite. 

Hornblende-biotite granite. 

Epidote granite. . ; 

Granitell, or granite without any accessory. 

Although it is possible to classify all the granites under these heads, the lines of distinction between them are 
by no means sharply drawn, but the different varieties merge into each other by continual gradations. For instance, 
nearly all the muscovite granites contain a little biotite, and vice versa ; also, nearly all the hornblende granites, as 
those of cape Ann and other localities, contain some mica, although not in all cases enough to be visible without 
the aid of the microscope. In these cases the dividing line must necessarily be drawn somewhat arbitrarily, and 
it is the prevailing accessory which has given the specific name to the rock; or when two are present in such 
abundance as to be both evident to the naked eye, then the two descriptive names are employed, as in the case of 
the muscovite-biotite granite of Concord, New Hampshire, which contains both micas in nearly equal proportions. 


MUSCOVITE GRANITE. 


Since muscovite itself is very nearly colorless, the granites bearing this mica as their chief accessory are very 
light in color, being in fact the lightest of all our granitic rocks. Pure muscovite granites are not at present 
extensively quarried. That found at Barre, Vermont (see Plate I), is a coarse, light gray rock of almost marble 
whiteness, a polished surface of which presents a somewhat mottled appearance due to the presence of quartz and 
mica. The prevailing constituents are quartz, orthoclase, plagioclase, and white mica or muscovite. When examined 
in thin sections under the microscope the interstices between the larger crystalline grains are found to be filled with 
very many smaller grains of quartz and feldspar, together with shreds of mica and numerous accessories, giving 
rise to the structure known to lithologists as “ drusy ”. 

The mica as seen in ordinary light is quite colorless, but between crossed Nicol prisms it gives a most beautiful 
iridescence. It occurs usually in ragged shreds, but rarely in small forms with definite crystalline outline. A 
very little biotite is also present. The feldspars are the predominating minerals and occur in more or less perfect 
crystals, while the quartz grains fill the interspaces. The chief accessory mineral in this rock is epidote, which 
occurs in small irregular grains without definite crystalline outlines and is traversed by numerous fractures. In the 
thin sections it is of a very faint greenish color. Some apatite is also present in the form of small, colorless, six- 
sided crystals, which are never large enough to be visible to the baked eye. 

- A fine gray muscovite granite of a slightly darker shade, though much more even in texture, is quarried near 
Atlanta, Georgia. This rock is richer in both quartz and mica than its representative from Vermont, but contains 
less epidote. A large part of the feldspar of this rock is microcline, as is shown by its peculiar reticulated structure 
when viewed in polarized light. 

BIOTITE GRANITE. 


This constitutes the most widespread group of our granitic rocks, and presents also the most diversified color 
and structural peculiarities. A large proportion of all the granites at present quarried in the United States is 
referable to this group. In color they vary from light to dark gray and almost black, according to the amount of 
mica they contain and the color of the feldspar; the red granites, many of which belong here, owe their color to 
the flesh-red orthoclase, which is the prevailing ingredient. As a general thing these granites are much tougher and 
harder than those of the preceding group, and, if we except the porphyritic varieties, possess a more even texture, 
lacking the drusy structure characteristic of muscovite-bearing rocks. The texture, however, varies almost 
indefinitely, and it is obviously impossible to select rocks from any one locality as typical for the group. Perhaps 
the more common varieties are those represented by the granites from Dix island, Maine, Westerly, Rhode Island, 
and Richmond, Virginia. 

The essential constituents of biotite granite are quartz, orthoclase, and biotite, but a plagioclastic feldspar is 
almost invariably present, together with some magnetite and apatite. The usual accessories are microcline, 
hornblende, muscovite, apatite, epidote, sphene, and zircon. Itis stated by Rosenbusch (a) that the biotite granites, 
as a class, usually contain less quartz and a correspondingly larger proportion of plagioclase than those of the 
muscovite-bearing group. 

As representatives of this group Plates II and III are given from sections of the granites from Dix island and 
Sullivan, Maine. These are both coarse, gray rocks, containing a considerable proportion of plagioclase in connection 
with the orthoclase. The biotitein thin sections is of a yellowish-brown color and bears numerous inclosures of apatite 
and magnetite. The pores in the quartz of these rocks are feither abundant nor large; in the Dix Island granite 
they are often arranged in fine wavy lines traversing the quartz grains in directions nearly parallel to one another. 





a Mikroskopische Physiographic der Massigen Gesteine, p. 20. 


20 BUILDING STONES AND THE QUARRY INDUSTRY. 


The biotite granites from Manchester, Virginia, and vicinity are practically of the same constitution as these, 
although differing in details of texture. Small zircon erystals and scattering flakes of muscovite, together with 
a few garnets, are found in these rocks. 

The granites of Westerly, Rhode Island, are biotitic, but differ from those just mentioned in being usually 
of a finer texture and more rich in accessory minerals, containing frequently small crystals of fluor-spar, sphene, 
menaccanite, magnetite, apatite, epidote, and pyrite; the quartz contains also many of the small, thread-like erystals 
so characteristic of rutile. Many of the Westerly granites are of a flesh-red color, but otherwise than this they do 
not differ materially from the ordinary gray granites, the red color being as usual due to the red orthoclase they 
contain. 

The red granites quarried at Red Beach and at Jonesboro’, Maine, have biotite as their characterizing accessory- 
These are coarse, compact rocks of even texture, and tough and hard. They bear but few accessory minerals, a 
little apatite and magnetite only being observed. The mica occurs usually in small ragged shreds of a greenish color. 

The red granite quarried at Lyme station, Connecticut, differs from the last in being of a still coarser texture, 
and in the feldspars occurring in beautiful large glassy crystals. The proportion of plagioclase is much larger 
than in the Maine red granites, and it contains little if any apatite and magnetic iron. The quartz contains 
numerous quite large pores or cavities, in many of which moving bubbles were noticed, while in others the bubbles 
were motionless. jk 

The Leetes Island and Stony Creek red granites are of a much lighter shade than those of Lyme, the feldspars 
being only light pink or flesh-red in color, and of a more gneissoid structure. Some muscovite is present, together 
with the biotite and a little epidote; the quartz contains but few cavities. A part of the Leetes Island rock has a 
porphyritic structure, and is of a mottled pink and gray color, due to the larger pink feldspar crystals being 
surrounded by a finer admixture of small grains of quartz and mica. 

A coarse red granite is quarried in the vicinity of Iron Mountain, Missouri, a part of which differs from any 
of the preceding in containing no characterizing accessory, to the unaided eye the stone appearing to consist only 
of quartz and feldspar. Under the microscope a few grains of magnetite are visible, as well as a few scales of 
hematite. Other granite from this locality contains black mica, which is usually more or less altered into chlorite. 
A red granite comes from Burnet county, Texas, which is of a fine, even texture, and contains much plagioclase. 
So far as observed this stone is lacking in tenacity, but this is very probably due to the fact that the quarries have 
not yet been worked to sufficient depth to bring to light the better portions of the rock, the feldspars showing 
signs of decomposition such as are produced by weathering. 

The red biotite granite from the government quarries at Platte caton, Colorado, is much coarser than the last, 
and contains many blood-red scales of hematite. The biotite is very dark and opaque. 

So far as observed, all our porphyritic granites are biotitic. A part of the East Bluehill (Maine) rock is a 
beautiful example of this variety. This is a fine dark-gray rock, the uniformity of whose texture is broken by a 
plentiful sprinkling of snow-white orthoclase crystals of an inch or more in length, the crystals being usually in the 
form of Carlsbad twins. In many of the East Bluehill rocks the biotite is found altered into a chlorite, in which 
case it contains numerous inclosures of magnetite. Muscovite is also frequently present in small quantity, together 
with the usual colorless apatite crystals. : 


MUSCOVITE-BIOTITE GRANITE. 


As its name denotes, this variety combines the properties of both muscovite and biotite granite, and may be 
considered as intermediate between the two. Transition stages between this and true muscovite or biotite granite 
are continually met with, and, as already stated, no sharp line of distinction can be drawn between them. The 
essential constituents are quartz, orthoclase, muscovite, and biotite; small transparent crystals of apatite are 
nearly always present, together with more or less plagioclase; zircons occur quite rarely. 

Of this variety, the so-called Concord (New Hampshire) granite may be considered as typical. It is a fine- 
grained, light-gray rock, showing under the microscope a somewhat drusy structure. The feldspars are in nearly 
every case more or less turbid through decomposition and impurities, while the quartz is penetrated in every 
direction by small needle-like crystals of rutile. Fluidal cavities are quite small and not at all abundant. According 
to Dr. Hawes, (a) the plagioclase of this rock is oligoclase; some microcline is also present. The micas usually 
occur in small, irregular flakes, without definite crystalline outline, but occasionally a small, perfect crystal of 
muscovite can be seen. 

‘Between the Concord and the lighter colored of the Fitzwilliam granites there is no essential difference. 
Microscopic particles of zircon were found in the Fitzwilliam rocks, which were not noticed in those of Concord. 

The granites quarried at Allenstown, Sunapee, and Rumney offer no differences of practical value. Asa general 
thing they are much like the Concord, presenting only slight variations in the way of color and texture. The 
feldspars as seen by the microscope are sometimes in a little fresher state and contain fewer impurities, while the 
quartz usually contains less rutile, that from Rumney having none at all, and fluid cavities are perhaps a trifle more 





a Min. and Lith. of N. H., p. 194. 
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abundant. The Manchester granite differs from any of the preceding in, being of coarser texture, with a flesh-red 
color, and containing very little biotite, but a much larger proportion of microcline. The quartz frequently contains 
small colorless crystals resembling fibrolite; brilliantly red scales of hematite are also occasionally met with, as well 
as many large opaque grains of magnetite. 

Outside of New Hampshire, muscovite-biotite granite is quarried quite extensively at Ryegate, Vermont, and at 
North Jay, Lincolnville, and Hallowell, Maine. The Ryegate rock is of coarser, more even texture, and contains a 
larger proportion of quartz than that of Concord. The quartz is almost entirely free from rutile inclusions and the 
feldspars are in a very pure condition, in both of which respects it closely resembles the Jay rock. The Hallowell 
and Lincolnville granites resemble the Concord closely, both in color and in structural peculiarities, even to the 
presence of the rutile inclusions. It contains, however, a much larger proportion of the feldspar microcline. A 
few garnets unobserved elsewhere are present in the Hallowell rock. 

A rather coarse biotite-muscovite granite is quarried near Fredericksburg, Virginia. The feldspars in this rock 
are quite impure and frequently contain numerous inclosures of muscovite. Microcline is quite abundant in this 
rock, as is the case also with that of Hallowell and Augusta, Maine. 


HORNBLENDE GRANITE. 


As has already been stated, no sharp lines of separation can be drawn between the different varieties of granite, 
and in no case is this better illustrated than in those rocks bearing hornblende as their chief accessory, nearly all 
of them containing more or less black mica. This is well illustrated in the case of the granite quarried at Gloucester, 
Rockport, Lynnfield, and other localities in Massachusetts. From specimens of these rocks forwarded to the Museum 
it appears that while with one or two exceptions they would, from a simple macroscopic examination, be classed as 
hornblende granites, the microscope shows a constant gradation from those in which biotite is easily distinguishable 
in the hand specimen to those in which apparently there is none, more or less mica appearing in all. The distinction 
must, therefore, be somewhat arbitrary, and only those have been called hornblende granites in which no biotite 
was visible to the naked eye. (a) 

As typical of this group, Plate IV is given. It is from a magnified section of the rock quarried at Peabody, 
Massachusetts. This rock, which agrees so closely with that quarried at the other localities named that a single 
description will do for all, is a coarsely crystalline rock composed essentially of quartz, orthoclase, and hornblende, 
the orthoclase being frequently cf a faint greenish or bluish tinge, while the quartz varies from light glassy to 
dark smoky tints. The rock is of quite uniform texture, exceedingly hard and tough, and may be ranked as one of 
our most durable granites. Under the microscope it is seen that the feldspar of this rock is nearly all orthoclase 
in a very fresh and undecomposed condition, and as orthoclase is the hardest and toughest of all the feldspars the 
predominance of this variety over all others easily explains the hardness of the rock. In none of the granites 
quarried during the census year are the plagioclastic feldspars entirely absent, though sometimes prevalent 1n very 
minute quantities, as is well illustrated in the hornblendic granites of Gloucester, Roxbury, Lynnfield, Peabody, ete., 
and especially in that of the last-named locality, where it exists only as minute microscopic crystals, filling the 
interspaces between the larger crystals of orthoclase. The quartz, which is quite abundant, contains the usual 
cavities, in some of which moving bubbles occur. The hornblende is of a deep green, almost bluish, color, and never 
occurs in perfect crystals, but rather in broken fragments and ragged shreds bearing numerous inclusions of apatite 
and zircon. Zircon is especially abundant in the Gloucester granites, where it occurs usually in small, square prisms 
scattered irregularly about or clustered around the ragged edges of the hornblende crystals. Some magnetite is 
usually present, and an occasional shred of black mica. 

A very beautiful deep-red hornblendic granite is quarried at Otter creek, Mount Desert, Maine. It is a very 
compact rock, though not quite as tough as those from cape Ann. Under the microscope the feldspar is found to 
be quite opaque through impurities. The hornblende is deep green, nearly black, and some chlorite and apatite are 
present, together with quite large epidote granules and a few zircon crystals. 

Two varieties of hornblende granite, one red in color and the other gray, are quarried at Saint Cloud, Minnesota. 
They differ, however, from their Massachusetts representatives, being of more uneven texture and containing a 
larger proportion of hornblende. The hornblende, which is frequently much decomposed, is of a deep brown color 
in thin sections and strongly dichroic. It contains numerous inclusions, such as apatite, magnetite, and zircon, 
although these last are not as prevalent as in the Gloucester rock; some biotite is also present. The feldspar, as 
in the Massachusetts rock, is nearly all orthoclase, is quite impure and opaque, and the quartz contains many 
inclusions and cavities, some of which are quite large. Although of the same mineral constitution as the Cape Ann 
granites, these are of decidedly inferior quality, being softer and less tenacious. It is more than probable, however, 
- that when the quarries have been worked to a sufficient depth a far better quality of rock will be produced. 





a It is very probable that much of the black mica of our granites is not biotite, but lepidomelane or annite, these being the names 
given by Professors Dana and Cooke to the black mica of the Cape Ann granite. Such differ from biotite in containing sesquioxide of 
iron in place of the protoxide, and in being more opaque and less elastic. Their optical properties are, however, identical with biotite, 
and in the present work no such distinction has been deemed advisable. All black dichroic micas have, therefore, been called biotite. 
(See Hawes’ Min. and Lith. of N. H., p. 82.) 
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such a way as to always possess two parallel flat surfaces, a circumstance which simplifies the construction of walls 
from them. The stratification is caused principally by the arrangement of the mica with its flat cleavage planes 
arranged in parallel directions. ; 

Quartz and feldspar are again the essential constituents, and the same accessories constitute a series of gneisses 
identical with the granite series. We thus have biotite gneiss, muscovite gneiss, hornblende gneiss, pyroxene 
gneiss, ete. 

There are no uses to which granite is applied to which the gneissoid rocks cannot also be applied; and some 
of the largest quarries in the United States which are called granite quarries really produce gneiss. In common 
nomenclature these rocks are called granite, or at best “bastard” granite or “stratified” granite, or granite with 
some other adjective prefixed. There is reason for this in the circumstance that they are used for the same purposes 
and very often have had the same origin, and differ from one another only in that some slight movement in the ~ 
mass at the proper time gave a stratification to the rock. In certain cases also the stratification is very faintly 
evident, so that it is difficult to recognize as stratification. Indeed, there is no line of division between the granites 
and the gneisses when the structure alone is considered. 

There are many gneissoid rocks which are very markedly stratified, which consist of alternate layers of very 
different compositions, and which were apparently deposited like the limestones and sandstones, and subsequently 
hardened and crystallized. Even in scientific classification it is now impossible to separate gneisses that have been 
deposited in stratified layers from those which have become stratified, as explained, by movements in a plastic 
mass. In this work there is no necessity for any distinction, and rocks of the composition of granite, but stratified 
in, structure, will all be considered as gneisses, for, from the economic standpoint, structure is of more importance 
than questions as to the mode by which it was produced. 


MICA-SCHIST. 


Mica-schist is a rock that consists essentially of quartz and mica. It usually possesses a distinct schistose 
structure due to the parallel arrangement of the quartz and mica, as was noted in the gneisses, from which it may 
be said to differ only in its lack of feldspar. It is a rock which is supposed to have been formed by the deposition 
and subsequent crystallization of sediments, and consequently the structure of these minerals and their arrangement 
are markedly stratified. The peculiarities of the schists are not such as to render them favorites for purposes 
of fine construction. They are, however, broken out from the ledge with great comparative ease, and for rough 
construction, such as foundations and bridges, they are extensively employed. 

The mica of the schists may be either biotite or muscovite, or both; in short, the schists may be characterized 
by one or more of the same accessories as are the granites and gneisses, and we may have just as many varieties. 
Through a diminution of the amount of mica these rocks pass into quartz-schists, and, by an increase of feldspar, 
into gneisses. The relative amounts of quartz and mica vary almost indefinitely. The percentage of silica, which 
is dependent largely upon the amount of quartz, varies from 40 to 80 per cent. The finer grained, more compact 
varieties of mica-schist make very fair building material, but the coarser varieties are not to be desired, especially 
if the mica be biotite and in great abundance. 

In accessory minerals mica-schists are particularly rich. Some of the more common of these are garnet, 
feldspar, epidote, cyanite, hornblende, chlorite, staurolite, magnetite, pyrite, tourmaline, and rutile. Through 
an increase in the amount of hornblende or chlorite the rock frequently passes gradually into hornblende and 
chlorite schists. 

As an illustration of the microscopic structure of a biotite schist, Plate VII is given. This is from a magnified 
section of the schist quarried in the vicinity of Washington, District of Columbia, and popularly called ‘‘ Potomac 
blue-stone”. As will be noticed, this rock consists almost wholly of quartz and biotite, the quartz being in irregular 
grains, while the mica occurs in ragged shreds. The prevailing schists throughout the vicinity are, however, by 
no means of so simple a structure. 

As a general thing the District rocks are distinctly schistose, the mica laminz being arranged in parallel layers, 
and the rock consequently splitting easily in the direction of its schistosity. In some cases, however, the various 
mineral ingredients are so evenly commingled that all traces of schistosity are lost in small specimens, and the 
rocks, especially if they contain hornblende, more closely resemble basic rocks of eruptive origin, for which they 
have at times been mistaken. 

Under the microscope the mica is seen to be frequently of a greenish color and to bear numerous inclosures of 
apatite, magnetite, and garnet. More or less white mica is frequently present, though never in sufficient abundance 
to give any distinctive character to the rock. Hornblende, when present, is usually in the form of slender rhombic 
prisms, which are often broken transversely. It is of a yellow or greenish-blue color, polarizing in deeper blue, or 
the lighter varieties in lively yellow and red, closely resembling augite. The crystals are quite imperfect, and are 
in many cases filled with inclosures of apatite, magnetite, and mica. It is frequently observed to have undergone 
an alteration into a greenish chloritic product. 
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occur as secondary products, lining the walls of the small cavities or amygdules with which the rock is frequently 
filled. The feldspar of basalt can be either oligoclase, andesite, anorthite, or labradorite, and it is usually the 
prevailing ingredient; the spaces between the individual crystals are frequently filled with an uncrystalline, glassy 
magma, containing often numerous opaque, elongated, hair-like bodies, called ‘“trichites”. 

Microscopic sections of basalt present many interesting features. The plagioclase usually occurs in small, 
slender crystals, showing in polarized light the customary banded structure, due to twinning. It is usually quite 
pure and free from all inclusions or cavities. The olivine appears rarely in well-defined crystals, but rather in 
rounded grains, traversed by many irregular curvilinear lines. They are sometimes of considerable size, so as to be 
easily distinguished by the naked eye. The augite in basalts is generally rich in inclosures of glassy matter, and 
in rocks which have undergone considerable decomposition both the augite and olivine are often represented merely 
by pseudomorphs of a green matter, either serpentine or some other hydrous silicate. Plate X is from a basalt 
quarried at Bridgeport, California. This is a fine-grained, brownish-gray rock, in which the included olivine 
crystals appear as small, greenish, rounded grains, often the size of a pin’s head, scattered throughout the fine gray 
ground mass, the separate ingredients of which cannot be detected by the unaided eye. In the plate they appear 
as large, rounded, dark grains, surrounded by the smaller crystals of augite and plagioclase, like islands around 
which the semi-fluid mass has flowed. 


PORPHYRY (PORPHYRITIC FELSITE). 


Under the term porphyry it is usual to include a class of fine-grained, compact, felsitic rocks, the composition 
of which is not determinable by the naked eye, owing to the minuteness of the constituent minerals. The rocks 
consist essentially of quartz and orthoclase feldspar, one or both of which substances is frequently, though not 
always, present in crystals of considerable size, which lie embedded in the close, compact ground mass. 

Under the microscope these rocks, as represented by the building-stone collection, can be divided into two 
classes, (1) those in which the ground mass is easily resolved into a crystalline aggregate of quartz and feldspar 
grains, and (2) those in which the ground mass gives between crossed Nicol prisms the polarization colors of an 
aggregate, which, even by high powers, cannot be resolved into its constituent minerals, owing to their minuteness. 
In both classes larger crystals of either quartz or orthoclase may or may not be developed to give rise to the well- 
known structure called porphyritic. According to which of these minerals is thus developed we have two kinds of 
porphyry—quartz porphyry and orthoclase porphyry. These two varieties are shown on Plates XI and XII. Plate 
XI is a quartz porphyry from Fairfield, Pennsylvania. The large white body in the center of the field is quartz, 
while the surrounding material is an intimate mixture of the same mineral and feldspar, but in so finely divided a 
state as to be inseparable by even the highest powers. Plate XII is of an orthoclase porphyry from Stone mountain, 
Missouri. In this rock it will be noticed that the ground mass is distinetly granular, and the porphyritic structure 
‘is due to large crystals of orthoclase, in piace of the quartz as in the preceding. Both rocks are much alike in 
general appearance, although differing so decidedly in microscopic structure. 

Porphyries are usually of eruptive origin, occurring in dikes, after the manner of what are popularly called 
trap-rocks. The well-known porphyries in the vicinity of Boston are, however, according to some authorities, 
metamorphosed sedimentary deposits. (@) 

Porphyries present considerable variation in color; whitish, flesh-colored, red, blue-black, black, and green are 
common varieties. They are very close-grained, compact rocks, and take an excellent polish. They are also almost 
indestructible, withstanding for ages the effects of weathering without appreciable change. Their hardness and 
lack of stratification, however, are great drawbacks to their extensive use, since they can be taken from the quarries 
only in small, very irregular blocks, and are cut with extreme difficulty. They are at present but little used for 
building purposes in this country. In Great Britain they are used chiefly for causeway stones and road metal, for 
which their hardness and toughness render them especially suitable. 


SANDSTONES. 


Sandstones are composed principally of rounded and angular grains of sand that have become cemented together 
through the aid of heat and pressure, forming a solid rock. The cementing material may be either silica, carbonate 
of lime, or an iron oxide. Upon the character of this cementing material is dependent to a considerable extent the 
color of the rock and its adaptability to architectural purposes. If silica alone is present the rock is light colored, 
and frequently so intensely hard that it can be worked only with great difficulty. Such stones are among the most 
durable of all rocks, but their light colors and poor working qualities are something of a drawback to their extensive 
use. The cutting of such stones often subjects the workmen to serious inconvenience on account of a sharp and 
very fine dust or powder made by the tools, and which is so light as to remain suspended for some time in the air. 
The hard Potsdam sandstones of New York state have been the subject of complaint on this score. Professor 








a T. T. Bouvé, Proc. of Boston Soc. of Nat. History, 1862, p. 57; 1876, p. 217. 
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Geike, in writing on the decay of rocks, (a) mentions an instance in which a fine siliceous sandstone, erected as a 
tombstone in an English church-yard in 1662, and afterward defaced by order of the government, had retained 
the marks of the defacing chisel upon its polished surface perfectly distinct after a lapse of over two hundred 
ears. 

i On the other hand, those rocks in which carbonate of lime is the cementing material, although soft enough to 
work well, are frequently too soft and crumble easily, beside disintegrating rapidly when exposed to the weather. 
On many accounts the rocks containing the ferruginous cement are preferable, since they are neither too hard to 
work readily nor are they liable to so unfavorable alteration when exposed to atmospheric agencies. These rocks 
also have a brown or reddish color, which is usually considered as something in their favor. The celebrated Portland 
brownstone, used so extensively for building purposes in New York city, is a good representative of this variety. 

Sandstones are of a great variety of colors; light gray (almost white), gray, buff, drab or blue, light brown, 
brown, and red are common varieties, and, as already stated, the color is largely due to the iron contained by them. 
According to Mr. G. Man (b) the red and brownish-red colors are due to the presence of iron in the anhydrous 
sesquioxide state; the yellow color to iron in the hydrous sesquioxide state, and the blue and gray tints to the 
carbonate or the protoxide of iron. It is also stated that the blue color is caused sometimes by finely-disseminated 
iron pyrites, and rarely by an iron phosphate. (c) 

In texture sandstones vary widely, from an almost impalpable fine-grained stone to one in which the individual 
grains are the size of a pea. The looser varieties, in which the grains sometimes reach an inch or more in diameter, 
are called conglomerates, or if the pebbles are angular instead of rounded, a breccia. 

Sandstones are not always composed wholly of quartz grains, but frequently contain a variety of minerals. 
The brown sandstones from Connecticut, New Jersey, and Pennsylvania are found on microscopic and chemical 
examination to contain one or more kinds of feldspar and frequently mica, (d) having in fact the same composition 
as granite or gneiss, from which they were doubtless originally derived. According to Dr. P. Schweitzer, (e) a fine- 
grained sandstone from the so-called palisade range in New Jersey contains from 30 to 60 per cent. of the feldspar 
albite. That quarried at Newark contains, according to his analyses, albite 50.46 per cent., quartz 45.49 per cent., 
soluble silica 0.30 per cent., bases soluble in hydrochloric acid 2.19 per cent., and water 1.14 per cent. This, however, 
must be regarded as an exceptional case, as very many sandstones contain no feldspar at all, being probably derived 
from a quartzose rather than from a granitic rock. Some sandstones are thought to originate from chemical 
deposition rather than from the disintegration of pre-existing rocks. Certain of the crystalline sandstones of Ohio 
are of this class. (/) 

The minute cavities and moving bubbles so frequently seen in the quartz grains of granite are, as would 
naturally be expected, also occasionally found in sandstone, as is well shown in a white Potsdam sandstone quarried 
at Fort Ann, in the state of New York. The cavities in this case are extremely small, but the imprisoned bubble, 
as it glides unceasingly from side to side of its minute chamber, is readily seen with a microscope of high magnifying 
power. 

Iron pyrites is a common ingredient of many sandstones, occurring frequently in cubical crystals or irregular 
grains of considerable size, and of a brassy-yellow color. Unless quite abundant, however, the chief danger to be 
apprehended from the use of such stone is the change of color it undergoes through the oxidation of the pyrites, 
which causes rust-colored or dark stains to appear wherever it exists. The beauty of many fine buildings has been 
sadly marred through the discoloration of the stone used for cappings and cornices by the oxidation of the included 
pyrites. Stone for such purposes should be subjected to careful examination, and all pieces in which the pyrites 
occur promptly rejected. 

Nearly all sandstones are more or less porous, and hence permeable to a certain extent by water and moisture. 
Manifestly, then, in localities subject to any extremes of temperature, only those stones in which this porosity is 
reduced to the minimum should be used for buildings, since disintegration must certainly result if, after the pores 
of a stone become filled with water, freezing ensues. It is on account of the destructive effects of freezing water 
that such porous limestones as those of Bermuda and of Florida are totally unfit for use in countries in which the 
temperature falls frequently below the freezing point, although very durable in warmer climates. All sandstones 
absorb water most readily in the direction of their lamination or grain. It therefore follows, as every stonemason 
knows, that stone to weather well should be laid with its bedding (lamination) horizontal, as it was first laid down 
by nature in the quarry; the stone will also offer the greatest amount of resistance to pressure if laid in this manner, 
and, it is said, will stand a greater amount of heat without disintegrating; an important fact in cities, where any 
building is liable to have its walls highly heated by neighboring burning structures. The porosity of some sandstones 
is characteristically shown by their manner of drying after a rain; some will dry very quickly, while others containing 
a larger amount of water in their pores will remain moist a long time. Ordinary sandstones will absorb from 3 to 








a Geological Sketches at Home and Abroad, p. 87. d See Plates XIII and XIV. 
b Quarterly Journal of the Geological Soc., xxiv, p. 355. e American Chemist, July, 1871, p. 23. 
¢ Notes on Building Construction, Part III (South Kensington series), p. 35. f J. Brainard, Proc. Am. Soc., 1860. 
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10 per cent., by weight, of water in 24 hours. Stone weighing less than 130 pounds per cubic foot and absorbing 
more than 5 per cent. of its weight of water in 24 hours, and effervescing somewhat actively with acid, is likely to 
be a second-class stone as regards durability. (a) 

Some stones liable to the destruetive effects of frost on first being talen from the quarries are no longer so after 
having been exposed for some time to the air, having lost their quarry water through evaporation. This difference is 
very manifest between stones quarried in summer and those quarried in winter. It frequently happens that stones 
of very good quality are entirely ruined by hard freezing immediately after being taken from the quarry (this being 
particularly the case with some marbles and limestones), while if they are quarried during the warm season of the 
year and have an opportunity to lose their quarry water by evaporation prior to cold weather they withstand freezing 
perfectly well. This phenomenon is easily accounted for if we admit the claim put forward by some that the quarry 
water of these stones carries in solution carbonate of lime and silica, which is deposited in the cavities of the rock 
as evaporation proceeds, thus furnishing additional cementing material and rendering the rock more compact. This 
will also account for the remarkable hardening of some stones after being quarried a short time, long since noted 
by those engaged upon stone work. When first quarried they are so soft as to be easily sawed and worked into any 
desirable shape, but after the evaporation of their quarry water they become hard and very durable. (b) 

Conglomerate differs from sandstone only in point of structure, being coarser and of more uneven texture. 
This structure is well illustrated in Plate. XV, which is from a magnified section of a conglomerate from Estelville, 
New Jersey. The large white grains are of silica and the dark cementing material is an iron oxide. These rocks 
are but little used for building purposes. 

Quartzite is a hard, siliceous sandstone occurring in regions of metamorphic rock, and partially metamorphosed. 
It differs from ordinary sandstone in being harder and less friable. It sometimes possesses a well-defined schistose 
structure. Plate XVI is from a magnified section of a schistose quartzite from Berks county, Pennsylvania. Such 
rocks are very hard and compact, and would make very desirable building material. 


LIMESTONES AND MARBLES. 


Limestones consist essentially of carbonate of lime, though they are often more or less impure through the 
presence of organic matter and clay. It is usual to apply the name marble to those limestones that are highly 
crystalline in structure and susceptible of taking a good polish. The term is, however, very loosely applied, being 
sometimes made to include even siliceous crystalline rocks like granite. Limestones are mainly of organic origin; 
that is, they result from the deposition of organic remains, as shells, corals, ete. In many limestones these remains 
are still plainly evident, while in others they have become almost or entirely obliterated through metamorphism. 
The shell and coral limestones of Florida and of Bermuda are good examples of the first kind. In these the broken 
and water-worn fragments are simply cemented together by the same material in a more finely divided state without 
a trace of crystalline structure; and from these to a perfectly crystalline marble, without a trace of fossil remains, 
there is a constant gradation. The red-mottled and black marbles of Tennessee and of Isle La Motte, Vermont, are 
good examples of the semi-crystalline varieties. In these the microscope shows very plainly the remains of minute 
organisms, while at the same time the surrounding portions of the rock are crystalline. The oolitic limestones used 
so extensively for building purposes in Kentucky, Indiana, and lowa are composed of the rounded grains of shells 
and corals closely cemented, and forming a very durable stone. They are generally quite soft and easily worked 
when first quarried, but become harder by exposure. The size of the individual grains is usually about that of a 
fish-egg, though they sometimes are larger, reaching the size of a small pea, when the stone is called pisolite. 
Some limestones are scarcely at all crystalline, nor do they show any trace of organic remains, but are perfectly 
homogeneous throughout. The stones quarried at Huntingdon, Pennsylvania, and at Kokomo, Illinois, are good 
examples of this variety. These stones are somctimes quite easy to work, though, being dull in color and not 
capable of receiving a good polish, they are not very desirable. They are usually very impure through the presence 
of clay and earthy matter. 

Of the perfectly crystalline limestones, the white and the blue marbles quarried so extensively at Sutherland 
Falls and Rutland, Vermont, are the best examples. These are supposed to have been originally common 
fossiliferous limestones, and to have become crystalline and had all their fossils obliterated through the aid of heat 
and pressure. In some of these marbles the process of metamorphism was incomplete, and the traces of fossils still 
remain. According to some authorities (c) many limestones result not from fossil remains of animals, but from 
chemical precipitates from sea-water. 





a Notes on Building Construction, South Kensington series, Part III, p. 36. 
b See Chateau, Vol. I, p. 265. 
ce T. S. Hunt, Chemical and Geological Essays, pp. 82 and 311. 
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The white crystalline marbles vary greatly in texture, the finest being found in Vermont, and coarser varieties . 
farther south and west. According to Dana (a) the texture is less coarsely crystalline in Vermont than in 
Massachusetts, the crystallization of the limestone as well as of associated schists increasing in coarseness from 
north to south, or rather southwest, which is the trend of the limestone belt. The whitest marble of Rutland 
is not as firm as that mottled with gray, owing apparently to the fact that it was made white by the heat that 
crystallized it burning out any carbonaceous matter, while at Pittsford, 16 miles to the north of Rutland, it is very 
firm, and is white, probably because it was made with less heat from a anion limestone. 

Statuary marble is a pure white crystalline marble of very even texture; it is sometimes called saccharoidal, 
from the resemblance of its grain to that of pure loaf-sugar. Ophiolite or verd-antique is a mixture of limestone 
and serpentine, as will be noticed further on. 

Carbonate of magnesia is a common ingredient of many limestones in varying proportions, and such stones are 
called magnesian limestones. When, however, the substances are present in the proportion of 54.35 parts of 
calcium carbonate to 45.65 parts of carbonate of magnesia, the stone is no longer called a limestone, but a dolomite. 
These stones are highly valued for building Pur and “the best varieties are those in which there is at least 
40 per cent. of carbonate of magnesia with 4 or 5 per cent. of silica”. The nearer a magnesian limestone approaches 
a dolomite in constitution, the more durable it is likely to be. 

It is not merely the nature of the constituents or their mechanical mixture that gives dolomite its good qualities; there is some 
peculiarity in the crystallization which is all important. : 

In the formation of dolomites, some peculiar combination takes place between the molecules of each substance; they possess some 
inherent power by which the invisible or minutest particles intermix or unite with each other so intimately as to be inseparable by 
mechanical means. On examining with a highly magnifying power a specimen of genuine megnesian limestone * * * it will be 
found not composed of two sorts of crystals, some formed of carbonate of lime and others of carbonate of magnesia, but the entire mass 


of stone is made up of rhomboids, each of which contains both the earths homogeneously crystallized together. When this is the case, 
we know by practical observation that the stone is extremely durable. (0) 


The impurities in limestones are numerous. Many contain sand, which greatly injures their weathering 
properties; others contain clay and earthy matter, which are also elements of weakness, since they possess no 
strength in themselves, and, in addition, absorb water with the greatest ease, which renders the stone more liable 
to disintegration by freezing. Iron pyrites is a common impurity of many limestones, and such are to be avoided. 
Many of the Pennsylvania marbles contain tale or mica. <A beautiful, coarse, rose-red marble from Danville, 
New Jersey, contains an abundance of black mica, which occurs in small hexagonal crystals. A limestone in 
the vicinity of Chicago, Illinois, contains petroleum to such an extent that blocks of it which have been used for 
building, become discolored by its exudation after a short exposure to the air, and this becoming mixed with the 
dust of the air forms a very unsightly tarry coating on the surface of the stone. ‘This rock, though porous and 
discolored by petroleum, is, when freed from this substance, a nearly white, granular, crystalline, and very pure 
dolomite, yielding 54.6 per cent. of carbonate of lime.” (¢) This oil is not always noticeable at first, but its presence 

can easily be detected by the well-known odor of petroleum which a sample of the rock gives off when struck with 
a hammer. 

Oxide of iron is a common ingredient of many limestones, and to this substance is due the red color of the 
Tennessee, Mallett’s Bay, and other red marbles. The blue or black color so common in limestones and marbles 
is due to carbonaceous matter derived from the decomposition of plants and animals in the waters in which the 
stones were originally deposited. Its carbonaceous nature is made very evident when the stone is subject to a high 
temperature by its becoming pure white thiough the burning out of this substance. 

Limestones and marbles, owing to their beautiful colors and the ease with which they may be worked, are 
much esteemed for building and monumental work. They are not, however, the most durable of rocks, especially 
in cities where the air contaius any considerable amount of carbonic, sulphuric, or chlorhydrie acid, since these, 
even in very small amounts, readily attack the surface of the rock and cause it to crumble. A great deal naturally 
depends upon the texture of the stone. The most durable are those which are compact and homogeneous in structure 
and composition and not too coarsely crystalline. As a general thing the blue and gray colors denote a more durable 
rock than the pure white, for reasons already noted. 

Limestones weigh from 112 to 185 pounds per cubic foot, the lighter weight being that of a shell limestone 
from Saint Augustine, Florida, and the heavier a compact, fossiliferous, semi-crystalline rock from Doughertyville, 
Tennessee. As would naturally be supposed, the heavier stone is much the more durable, being more compact and 
therefore less liable to injurious atmospheric influences. But few experiments have been made in this country upon 
the absorptive properties of stones, but according to the results of various experiments made in England, limestones 
vary in the amount of water they will absorb from 1 to 12 per cent., by weight, in 24 hours. The microscopic structure 
of a crystailine white marble from Rutland, Vermont, is shown on Plate XVII. 





a Manual of Mineralogy and Lithology, p. 433. 
b Notes on Building Construction, South Kensington series, Part III, p. 58. 
e T. S. Hunt, Chemical and Sania ncal essays, p. 172. 
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SERPENTINE. 


Serpentine is essentially a hydrous silicate of magnesia, consisting, when pure, of nearly equal proportions of 
silica and magnesia, with some 12 or 13 per cent. of water. The massive varieties used for architectural purposes 
are, however, always more or less impure, containing frequently from 10 to 12 per cent. of iron protoxide, together 
with small amounts of chrome iron, iron pyrites, clayey matter, and the carbonates of lime and magnesia. It is a 
tough, compact rock of quite variable color, usually greenish, though sometimes yellow, yellowish-green, brownish- 
green, or, more rarely, red, its colors depending, according: to Delesse, (a) upon the degree of oxidation undergone 
by the included ferruginous material. 

The origin of serpentinous rocks has been a matter of considerable dispute. Formerly they were supposed to 
be eruptive, but later investigations have tended to show that this is not the case, but that they result from the 
metamorphism of magnesian sediments, (b) or from the decomposition or alteration of gabbro, diorite, and other 
hornblendic rocks, or from rocks rich in olivine, as lherzolite. We have already noted the extent to which the olivine 
in the diabase of Indian River, Maine, had become altered into a serpentinous product, and it is hence easy to 
understand how large masses might be derived from the alteration of rocks in which olivine was the prevailing 
ingredient. Plate X VILL is from a magnified section of the impure serpentine from Chester county, Pennsylvania. 
It is a fine-grained, porous, dull green rock, and so soft as to be easily cut with a knife. In thin sections under 
the microscope it is of a faint yellowish-green color, showing in polarized light a somewhat fibrous structure, the 
fibers forming an irregular network, the interspaces of which are filled in many cases with calcite. Many black 
grains are present, which in some cases are magnetite and in others chromite; the chromite usually occurs in small 
black kernels, which are quite opaque, or at best but faintly translucent upon the thin edges, where they show a 
faint reddish color. It is strongly magnetic; the magnetite is distinguished from the chromite by its entire opacity 
and its metallic blue Inster as seen by reflected light. 

Serpentine is sufficiently soft to be easily carved into any desirable shape, and can be readily turned on a lathe. 
It acquires a good polish, and is one of our most beautiful stones for mantels, table-tops, and all manner of indoor 
work. For outdoor work the polished stone is entirely unsuited, since when exposed to atmospheric influences, 
especially in cities, it soon loses its gloss, and, the surface weathering unevenly, it soon becomes as unsightly as it 
was ounce beautiful. Verd-antique is a marble or limestone through which green or yellowish veins of serpentine 
are disseminated. According to Hunt(c) the verd-antique marble of Roxbury, Vermont, is a mixture of serpentine 
with tale and a ferriferous carbonate of magnesia. 


a Zirkel, Petrography, Vol. I, p. 320. 
b T. S. Hunt on Ophiolites, Am. Jour. Sci., Vol. XXIII, p. 239; also Chemical and Geological Essays, p. 317. 
e Silliman’s Journal, 2d, xxv, p. 226. 
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CHAPTER III.—CHEMICAL EXAMINATION. 


By FRED. P. DEWEY, Smithsonian Institution. 


The optical method of study is not suited to solve all of the problems of lithology, and it becomes necessary 
to supplement it by chemical examinations. Even when the optical properties of a mineral have been thoroughly 
worked out, it ean generally be determined with certainty only when sections of known relations to its crystalline 
form can be prepared. The sections of minerals ordinarily obtained in the preparation of microscopic sections of 
rocks are, however, hap-hazard in their relations to the crystalline forms, and it is only by ascertaining these 
relations as far as possible, by an examination of outlines, cleavages, and other crystalline properties, that mineral 
species can be determined in rocks. The degree of accuracy which is thus obtained is sometimes insufficient for the 
desired purpose; for example, it can be determined that the feldspar in a rock is either the monoclinic orthoclase, 
the triclinic microline, or some one of the other species of triclinic feldspar, but which one of these it may be cannot 
with certalnty be determined by optical examination. This is sometimes an important point. Again, in the case 
of minerals which can be determined with the greatest certainty, it is sometimes quite desirable to know the 
chemical composition of the species; for example, hornblende can, with almost entire certainty, be determined in 
thin sections of rocks, but this mineral is variable in its composition, and its properties as a constituent of a building 
stone may be quite different according as its composition varies, and especially according to the percentage of 
protoxide of iron it may contain. The composition of a rock as a whole, although important geologically, is of ~ 
much less importance from an economic standpoint than the composition of individual ingredients, for the properties 
of the stone which fit or unfit it for use as a constructive material depend much more upon the peculiarities of its 
special ingredients than upon the ultimate composition of the whole. As is well known, a rock of a given ultimate 
composition may be a granite, a gneiss, a schist, a slate, or a sandstone, according to the circumstances of its origin 
and its subsequent transformation, and may be composed of very different mineral species; therefore, rocks of the 
same composition may be very different in their physical properties, and hence, in their capacities for resisting 
decomposing agencies and disintegration. It is therefore desirable to subject many of the stones which are to be 
considered as materials of construction to processes by which their individual mineral constituents can be separated 
from one another and analyzed. This indeed has been the object of those who are interested in the science of 
lithology, and various extremely complicated methods have been proposed to accomplish the result. A method has 
recently been proposed, however, which is much more efficacious than any previously applied, and as some of our 
results have been achieved by this method it will be briefly described : 

The red iodide of mercury (HgI,), possessing the high specific gravity of 6,is but slightly soluble in water; itis, 
however, very soluble in a solution of the iodide of potassium (KI), which has a specific gravity of 3.08. If, therefore, 
a saturated solution of the iodide of potassium is subsequently saturated with the iodide of mercury, a very heavy 
fluid is obtained, and the specific gravity of this fluid is such that many of the common minerals present in a rock 
will readily float upon it. This method of separation by means of a heavy fluid is said to have been proposed 
by Fleurian de Bellevue et Cordier at the beginning of this century. The solution of the double iodide of potassium 
and mercury was proposed by Church, in 1877, for use in the separation of minerals from one another. (a) The 
method was improved and new apparatus was proposed to be used with it by Thoulet, (b) who applied it with 
considerable success in the separation of minerals from granite and in determining the relative proportion of the 
various species in rocks of this nature. A further advance in the perfection of this solution was made by 
Goldschmidt, (¢) who succeeded, by a careful study of the most favorable proportions between the two salts, in 
increasing the specific gravity of the solution and in extending the utility of its application. He also fully studied 
its properties and demonstrated its great advantages asa separating fluid. According to Goldschmidt, the heaviest 
fluid is not obtained by saturating with iodide of mercury a previously-saturated solution of iodide of potassium, 
but by dissolving the two salts simultaneously in water, using a smaller proportion of iodide of potassium than 
that found by analyzing such a saturated solution. After some experimenting, the method of preparing this solution 
adopted by myself, and which gives a solution of the very high specific gravity of 3.28, is as follows: One 
part of iodide of potassium is weighed out and placed in a beaker, and one and one-fourth parts of iodide of 
mercury weighed out and placed on top of the iodide of potassium; then water is added in the proportion of 10 c.c, 
per 100 grams of the mixed salts; in the course of a few hours, with frequent stirrings, the salts will go completely 
into solution. After filtering from the impurities of the salts, the solution is gently evaporated on a water-bath 





a Mineralogical Magazine, November, 1877. 
b Bulletin de la Soc. Min. de France, 1879, No. 1. 
¢ Inaugural—Dissertation, Philosophsche Facultét der Universetét Heidelberg, Victor Goldschmidt. Stuttgart, 1880. 
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until crystals just begin to separate upon the surface; it is then removed from the water-bath and allowed to become 
thoroughly cold, by which means a considerable crop of crystals separates and a fluid of between 3.10 and 3.20 is 
obtained. By pouring off the fluid from the crystals and again heating gently upon the water-bath until crystals 
begin to separate, a further portion of water is driven off from the solution, and upon cooling there is a further 
separation ot crystals, and a fluid of the gravity of 3.28 is obtained. My experience in using this solution indicates 
that there is a double salt formed of the formula (HgI,) (KI), soluble in water, much more soluble, however, in 
water containing a small amount of iodide of potassium; but any increase of iodide of potassium beyond a certain 
small amount decreases its solubility, and consequently the specific gravity of the solutions obtained. This solution 
is a very remarkable one, and besides its use as a separating fluid it finds many other applications; especially is it 
used by the physicists on account of its high index of refraction. 

For use in separating the mineral constituents of rocks it possesses peculiar advantages besides its high specific 
gravity, the most important being that it can be mixed with water without suffering any change in volume, thus 
allowing fluids of any desired specific gravity to be prepared; and also by a simple calculation the reduction of 
any known volume of fluid of any specific gravity to any desired specific gravity, the formula for this reduction 
being ee a in which V equals volume of fluid, D its specific gravity, V; the volume of water to be added, 
and A the specific gravity which it is desired the final fluid shall have. There are, however, some disadvantages 
connected with the use of the fluid, the most important being its poisonous and corrosive properties. 

In order to separate the mineral constituents of a rock by the use of this fluid, the rock is first pulverized so 
that the particles will pass through a fine sieve, the size of the mesh being governed by the fineness or coarseness 
of the texture of the rock. It is desirable to reduce the rock to as fine a powder as possible to avoid the presence 
of composite grains; at the same time it is not practicable to reduce it to anything like the fineness of dust, as that 
would remain for a long time suspended in the fluid without either sinking or rising. The powder thus obtained 
is washed with water in order to separate from it the exceedingly fine portion which of necessity is formed during 
the pulverization; when the mass has been so long washed with water that the particles all settle very quickly to 
the bottom, it is dried and placed in a tube with two stop-cocks at the bottom, provided with a perforated india-rubber 
cork at the top, with a bent glass tube and an india-rubber tube for making connections, and also a capillary tube 
from between the two stop-cocks rising nearly to the top of the tube; the tube is also graduated to admit of the 
ready measurement and consequent calculations of the fluids during the separation; the double iodide solution is 
added, and the whole throroughly mixed, preferably by drawing a curreut of air through the apparatus by means of 
the Bunsen pump; after remaining at rest for some time all those minerals present in the rock which have a higher 
specific gravity than that of the fluid fall to the bottom, and all that are lighter rise to the top; by opening the 
stop-cocks the portion which has settled to the bottom is drawn off; by closing the upper stop cock and drawing 
water into the lower portion of the tube by means of the capillary tube, the powder can be thoroughly washed from 
the apparatus; by adding water in successively calculated amounts to the fluid which remains in the tube, the other 
ingredients can be caused to fall to the bottom and be drawn off one by one—not, it is true, in a state of perfect 
purity, but in such a condition that the analysis of certain ones will very frequently lead to very important and 
desired results. The material which falls to the bottom when the fluid is at its highest specific gravity, generally 
complex in its nature, can be further analyzed by a variety of methods; a separation can very frequently be effected 
upon the ferruginous minerals by employing electro-magnets of successively increasing power. In some cases a 
separation can be effected by employing a mixture of chloride of lead of the specific gravity of 5 and chloride of 
zinc of specific gravity of 2.5, which fuses at a low temperature. <A suitable mixture of the two chlorides can be 
fused in an elongated crucible and kept fluid at the lowest possible temperature; the heavy portion of the rock is then 
introduced and thoroughly incorporated with the liquid. After allowing a sufficient time for the rock materials to 
range themselves according to gravity, the heat is removed and the crucible is allowed to cool; by taking successive 
layers of the contents of the crucible and dissolving away the mixed chlorides a satisfactory separation can frequently 
be made. ; 

The utility and the faults of the method will both be clearly recognized. As an example of its faults it may 
be mentioned that in the pulverization of the complex crystalline rock, no matter to what degree the pulverization 
be carried, some of the grains will of necessity be complex and float in the fluid in positions where they are not 
desired. The control, however, is kept upon the material intended for analysis by microscopic examination; and, 
although the full weight of the objection above mentioned is recognized, still results can be accomplished by the 
use of this solution which have been heretofore impossible. 

There are cases of considerable importance in which the application of this method is especially satisfactory ; 
for example, it is sometimes desired to separate from a rock one of its constituents which is either much heavier or 
much lighter than the other, and this can be done with the greatest ease. There are, on the other hand, cases in 
which the method is entirely inapplicable on account of the manifest impossibility of freeing the mineral constituents 
from one another, or of separating them from one another, on account of the presence of minerals with nearly 
identical specific gravities; and in general the perfection or the imperfection of the separations that may be effected 
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and the consequent value of the results can be determined by a consideration of the special cases as regards the 
minerals involved and the method of their combination, and by microscopic examinations of the sections and the 
separated products. 

In the examination of the group of carbonates the chemical method has been almost exclusively used, and the 
classification is based upon this examination. 

Of course the most satisfactory method would have been to make a quantitative analysis of each one, but 
with the large number to examine this was manifestly impossible, and a careful qualitative analysis giving an 
approximation to the relative amounts of the principal constituents was all that could be attempted. The method 
adopted was as follows: Measured portions of the powdered samples were introduced into test-tubes of the same 
size, and cold dilute hydrochloric acid was added, and the evolution of carbonic acid noted; the solutions were then 
boiled, allowed to settle, and the amount and character of the insoluble portion were carefully noted, and, when 
necessary, further examined. Ina large majority of cases, however, the solutions were immediately precipitated by 
ammonia, and the amount and character of this precipitate noted; the solutions were then diluted with boiling water, 
measured portions of solution of oxalate of ammonia added to each, and the whole thoroughly shaken; they were then 
allowed to stand over night; the next morning the amount of precipitate of oxalate of lime was noted in each case; 
the solutions were then decanted into a second set of test-tubes, measured portions of phosphate of soda solution 
were added, and the whole rendered strongly alkaline by ammonia. After a thorough shaking they were allowed 
to stand twenty-four hours, when the amount of precipitate was noted. 

In this way a tolerably fair idea of the approximate composition of the samples was obtained, and while there 
must necessarily be more or less variation in individual cases, it is thought as a whole the names adopted are just. 
In this connection it may be well to state that this work presupposes that the samples sent are truly representative 
samples as judged by the collectors, and that variations in separate quarries represented by specimens from one 
quarry, or even variations in the different parts of the same quarry, cannot justly be taken into consideration; and 
it must be borne in mind, too, that no classification of material so variable in composition as the carbonates can be 
rigidly exact. The system of names adopted is as follows: 

Limestone, consisting of carbonate of lime. 

Magnesian limestone, consisting of carbonate of lime with from 5 to 30 per cent. of carbonate of magnesia. - 

Calcareous dolomites, consisting of two portions, one of which is a true dolomite and the other effervescing 
freely in cold dilute hydrochloric acid. 

Dolomite, consisting of carbonate of lime and magnesia, containing 30 per cent. or more of carbonate of 
magnesia. 

Beside these, the following qualifying terms have been used: : 

Arenaceous, containing sand. 

Argillaceous, containing clay. 

Bituminous, containing carbonaceous matter. 
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CHAPTER I[V.—QUARRY METHODS. 


By F. W. SPERR. 





For quarrying each different class of rocks there is a characteristic method employed, which is, however, 
varied in detail in nearly every different quarry. The minor details of quarry methods are as various as the 
differences existing in the textures, structures, and modes of occurrence of the rocks quarried. 

The methods of draining the quarries and the methods of ordinary rock drilling are the same as those employed 
in mines. 

Machines in great number and variety for quarrying and dressing stones have been invented, but reference 
is made in this report only to such machines as are actually in use. 


THE USE OF EXPLOSIVES. 


All building-stone deposits have usually a certain amount of covering, consisting either of a portion of the same 
deposit which has been disintegrated by atmospheric influences or of a later deposit. This covering is called the 
“cap-rock” or “stripping”; the solid portions of it are broken up by blasting, and the whole is carted out of the way. 

After a sufficient space is stripped, the next step necessary, when the quarry rock does not stand out in cliffs 
or escarpments, is to excavate a narrow space on one side for a quarry face, either by blasting or by some of the 
methods of channeling described herein. 

For the purposes of stripping the cap-rock and “forcing” the face, the result to be attained by the use of 
explosives is the breaking up of the rock so that it may be taken out of the way with as little expense as possible, 
regardless of the shapes into which the pieces are broken; for this no special skill is required in the manipulation 
of the blast. Much, however, depends upon bow the blast is made for quarrying the stone which is to be used. In 
the first place, the directions in which a blast will break any kind of rock from the drill-hole are but two or three, 
and sometimes four, unless the explosive be too quick and forcible in its action. The limited number of directions 
in which the rock is most liable to break is determined by the structure of the rock and the shape of the drill-hole. 
Quick-acting explosives, like dynamite, have a tendency to shatter the stone and break it in many directions, the 
-texture being affected by the sudden explosion in the same manner as by the blow of ahammer. Coarse gunpowder 
is generally preferred for quarrying stone; and this is seldom used further than for detaching large masses, which 
are subsequently worked up by means of wedges. The drill-holes are put down to the depth to which the rock is to 
be split, and the requisite amount of powder is put in, covered with sand, and fired by means of a fuse. Sometimes 
numerous charges in a line of drill-holes are fired simultaneously by means of electricity. 

Light charges of powder lightly covered with sand are better than heavy charges tamped in tight; and 
experience goes to show that better work is done by repeated light blasts in the same hole than by one heavy blast. 
By means of light charges often repeated a mass of rock may be detached without breaking up, which would be 
badly shattered by a single charge strong enough to detach the block. 

At Conshohocken, Pennsylvania, a peculiarly stratified limestone, containing some schistose seams or layers, is 
quarried by first detaching large masses by repeated charges of powder. The rift or stratification is nearly vertical. 
Holes are drilled for the blast, sometimes 20 feet or more in depth, as nearly as possible with the rift. After the 
rock is quite well opened (or ‘“‘drawn”) by the light charges, a charge of several kegs of powder is put in to throw 
out the mass, sometimes containing several thousand cubic feet. If a heavy charge is at first put in, the break, 
instead of taking the direction of the rift, is liable to go in three directions, as determined by the triangular shape 
of the bottom of the hole. It will always be observed that a hole when drilled with a steel-bitted percussion drill 
is never round at the bottom; and when the hand-drill is used the hole is always triangular at the bottom, and 
a blast in such a hole breaks the rock in three directions. The influence of the shape of the hole upon the effects 
of the blast was observed in the brownstone (sandstone) quarries of Portland, Connecticut, many years ago; and 
the following devices for controlling the blast have long been in use there: 

Deep holes, from 10 to 12 inches in diameter, are drilled by machinery, and the charges of powder are made to 
have definite shapes by being put in canisters, which are placed in the drill-holes and tamped in with sand, so that 
the effects of the blast are the same as though the holes were drilled of the shape of the canisters. To make one 
break across in a straight line the charge is made to have a horizontal cross-section boundee by two minor segments 
of a circle, the canister being made of two pieces of sheet tin, with the edges unsoldered and the ends made of 
paper or cloth. The plane passing through the edges of the canister is that in which the rock is broken by the 
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Two breaks may be made with a single blast in planes crossing at right angles to each other by using a canister 
which is a square prism. 

The holes are drilled from 10 to 20 feet or more in depth. Sometimes two holes are drilled close together, so 
that the core between may be chipped out; and canisters 2 feet across from edge to edge are used with tremendous 
effect. 

In many of the large quarries of sandstone in this country explosives are not used for quarrying the stone; 
but in nearly all the smaller quarries gunpowder is used. The influence of the shape of the drill-hole upon the 
effects of the blast does not seem to be generally known, and a great waste of material necessarily follows. 

Granitic rocks are less liable to be injured by the use of explosives than the softer rocks; but even for quarrying 
granite powder is used no further than for detaching large blocks, except in rare instances. In every quarry of this 
class of stones there is found to be a certain direction in which the stone splits more easily than in others, even 
when the structure is most decidedly granitic, though quarries are often worked a long time before the cleavage 
plane is discovered. When the cleavage is not very marked it is called “the grain” by quarrymen; and when it 
is more decided, as in gneissoid and schistose rock, it is called the “rift”. In rifted rock there is a secondary 
cleavage plane at right angles to the rift, and this is called “the grain”. ‘Across the grain” is in a plane at right 
angles to the grain and rift, or to the two cleavage planes. When the rift is horizontal, or nearly so, it is said to 
be “ with the lift”. 

In every different locality the structure of the rock must be carefully studied with a view to take advantage 
of the cleavage planes and natural joints in the management of the blast. There must be at least one free end to 
allow the block to move out toward the face; and the ends are often cut off by natural joints called ‘‘end joints”. 
Horizontal joints, called “‘ bottom joints”, occur in most cases. 

To detach a block a bore-hole is put down to the first bottom joint, and light charges of powder, usually of 
about four pounds each, are repeatedly put in and fired to ‘‘draw the break”; and after the rock is well opened a 
heavy charge of one or more kegs of powder is made to move out the mass. In this manner blocks from 15 to 20 
feet in width and 100 feet or more in length may be detached. When the rift is vertical, as in the quarries at 
Monson, Massachusetts, a blast put in a simple bore-hole will break the rock with the rift, in one direction to the free 
end, and in the opposite direction to an end joint; or, if there be no end joint in that direction, the break turns 
out more or less abruptly across the rift to the face. 

When the vertical bore-holes for the blast cross the rift the shape of the hole controls the directions of the 
break as in other classes of rock.’ A hole with an elliptical, horizontal cross-section will always insure a single 
straight break in a plane passing through the long diameter of this cross-section. ‘These holes are made by drilling 
two holes as close to each other as practicable, and then chipping out the core with a chisel-bar. They are called 
‘‘lewis-holes” from their resemblance in shape to the lewis-hole made in the top of the dressed blocks of stone to 
receive the clamp or lewis by which the blocks are lifted. 

It sometimes happens that there are no bottom joints, except at great intervals. The method adopted for 
detaching the blocks in a case of this kind at the Penryn quarries, California, has been described to me by Mr. 
William Foster, who was employed as special agent of the Tenth Census to collect the building-stone statistics in 
the western states and territories. An undercut is blasted out along the first bottom joint and from one end joint 
to another; a lewis-bole or line of lewis-holes 20 feet in depth is put down from 15 to 20 feet from the face, and the 
blast breaks out the block between the end joints and down to the bottom joint, which is about 80 feet from 
the top. Blasts put into rock in this manner act more nearly like wedges than the ordinary blasts, and are capable 
of splitting off blocks containing 100,000 cubic feet of stone. 

The trap-rock quarried so largely at Weehawken, New Jersey, for paving blocks is blasted out without regard 
to the shape or the size of the blocks obtained; the main object of the blast being to throw out and break up as much 
rock as possible. Heavy charges heavily tamped with sand are the most effectual for this kind of work. The 
detached blocks are drilled again and blasted with smaller charges till they are reduced to about the size of 2 by 3 
feet by 1 foot, and these are broken into paving blocks by means of hammers. Sometimes a groove is “chased” 
across a block and a fire is built on the line of the groove to break open the block. | 

Such limestones as the massive oolitic limestones of Indiana and the soft limestones. of Kansas are quarried 
by channeling and wedging; but most limestones are used for rubble, cellar walls, and ordinary dimension work, 
for which cheapness is the first prerequisite; and therefore the stones are quarried by blasting. Undoubtedly the 
cheapest method of quarrying small blocks is by the use of explosives, unless the rock is quite soft; and for this 
reason explosives are most generally used in the newest portions of the country for quarrying building stones. In 
. the case of limestones the badly shattered portions of the rock are usually burned for lime. Thin-bedded limestones 
are often quarried by raising the sheets with iron or steel bars. In a new country, if there are loose bowlders upon 
the surface, these furnish the first building stones used, and are usually broken up with powder or with fire. Such 
was the condition of quarrying at Quincy, Massachusetts, one hundred and fifty or two hundred years ago, where 
are now some of the largest and most systematically worked quarries in the country. The method of breaking up 
bowlders by heating them with fire, and then striking them with heavy hammers or pouring water upon them, is 
porhaps the rudest and cheapest, and is certainly the most disastrous in its effect upon the quality of the stone. 
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THE QUARRYING OF STONE BY CHANNELING AND WEDGING. 


By channeling is meant the process of cutting long narrow channels in rock to free the sides of large blocks of 
stone. The method of cutting the channel depends upon the nature of the rock. Marble was, until quite recently, 
channeled by hand, using a long steel bar, chisel-shaped at one end, cutting a channel about 15 inches wide. This 
method is still in use to some extent, but it has been largely superseded by the use of machinery. 

Quite a large number of machines for quarrying stone have been patented in this country, but only the 
Wardwell channeling-machine and the Sullivan diamond channeling-machine have as yet proved successful. Each 
of these machines has its special merits for certain kinds of work, and both of them are often used in the same 
quarry for different portions of the work. In marble, these machines taken together are capable of doing all 
kinds of channeling required. 

The machive illustrated in the cut, Plate VII, is a double-gang Wardwell channeler, it being the one mostly 
in use and adopted for all kinds of stone, except grit sandstone, and is represented mounted upon a steel-rail track 
on the bed of a quarry. The frame which supports the boiler, engine, and other machinery consists of one piece 
of forged iron weighing nearly a ton, thus furnishing great durability. The engine is of six horse-power, its shaft 
carrying a balance-wheel on each end, to which is attached an adjustable wrist-pin plate. The levers which operate 
the gangs of cutters are pivoted at their rear ends to an extension of the frame. The free end of the upper lever 
passes through a sliding stirrup or swivel attached to the wrist-pin plate (not shown), giving an up-and-down motion 
to that end of the lever as the balance-wheel revolves. The free end of the lower lever passes through a mortise 
in the back side of the lower clamp. Motion is communicated from the upper to the lower lever by means of clasps, 
between which the rubber springs are placed, as shown in the cut. The free end of the lower lever actuates the 
gang of cutters, which consists of five bars of steel sharpened at their lower ends and clamped together by head 
and foot clamps, the whole sliding freely on the standard. Of the five cutters, two have diagonal cutting edges 
and three have their edges transverse. The object of the diagonal cutting edges is to insure an even bottom to the 
channel. The center cutter extends the lowest, and they all together form a stepped arrangement each way from 
the center; thus when the machine is moving forward the center and two forward cutters operate upon the stone, 
and when moving in the opposite direction the other two with the center one perform the work. These bars of 
steel are from 7 to 14 feet in length, according to the depth of the channel to be cut. The upper ends of these bars 
are grooved to match corresponding grooves in the head clamp, for the purpose of preventing displacement of the 
cutters. The worm on the main.shaft actuates the worm-gear upon the feed-shaft. The feed-shaft extends diagonally 
downward to the rear of the machine, where it terminates in a bevel pinion; upon the rear axle are placed two 
bevel gears, and, by means of the lever shown, either of these bevel gears may be thrown into action with the pinion. 
The motion thus communicated serves to turn the axle either forward or backward, according to which wheel 
engages the pinion. When the machine is required to be stationary the gears are so placed that neither éngages 
the pinion. The short lever locks the gears in any of the required positions. The windlasses on each side of the 
machine afe for raising the gangs of cutters out of the channels. The opposite side of the machine is exactly the 
same as the one already described. Channels are usually cut from 4 to 6 feet deep and 14 inches wide, except that 
in sandstone they are cut 2 inches wide; and they can be cut within 3 inches of a vertical wall. 

It requires three men to operate the double-gang machine; from 300 to 400 pounds of coal are used per day, and 
the cost of operating is from $6 to $9 per day. This machine is calculated to cut from 75 to 150 square feet of 
channel in marble and limestone, and from 150 to 200 square feet in sandstone, per day, doing the work of fifty men. 

One form of the Sullivan diamond channeling-machine is illustrated on Plate VIL. The principle here involved 
is the communication of rotary and feed motions to drill-rods on spindles; and the special advantages held by the 
machine are that it is capable of cutting channels vertically or at any angle of inclination, and, with the machine 
detached from the boiler, that channels may be cut under an overhanging wall. At one end of the drill-rod is the 
drill-head, 1? inches in diameter, armed with carbon or black-diamond points, and supplied with small apertures or 
outlets for water, which is forced throngh the spindle and drill-head. The pump which supplies the boiler also 
supplies the drills, the feed to the different parts being regulated by stop-cocks. The jets of water wash out the 
borings and keep the drill-head from heating. The drill-rods are made of varying lengths adapted to make any 
required depth of channel to 94 feet. 

A continuous open channel is cut in the rock by two operations. By the first, a series of holes is drilled, 
distant from each other a little less than the diameter of the drill-head. The rock partitions thus left between the 
holes are drilled out by the second operation. 

Holes are bored by the first operation, uniformity of distance between them being secured by a guide, and 
a short plain sleeve is used on the drill-rod just above the boring-head. For the second operation this sleeve is 
' replaced by a double guide, whereby the action of the boring-head is confined to the rock partition between the 
holes previously bored. 

In the above figure the machine is supposed to move back and forth so as to cut a separate channel with each 
spindle, while on Plate VI'T the machine is so mounted as to move sidewise and cut a single channel with the two 
spindles. 

For cutting vertical channels the Wardwell machine is considered the most economical, but for cutting oblique 
channels the Sullivan machine is used. When the excavation is carried with the inclination of the strata, as 
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iMustrated on Plate II, the Sullivan machine is utilized to cut the oblique channel and portions of the vertical 
channels next to the overhanging wall. In such quarries the blocks do not come out rectangular in shape, 
and there is some waste of material, which becomes greater as the inclination of the strata becomes less. When 
the dip is not less than 50° the advantages of a horizontal quarry floor are sufficient to compensate for this loss of 
material; but when the dip is less than from 45° to 50° the channels are cut perpendicular to the plane of stratification 
with the Sullivan machine, and the blocks are quarried out rectangular in shape. A quarry with an inclined floor 
is illustrated on Plate IV. 

After the requisite channel cuts are made about a block of stone it is necessary to undercut the block in order 
to release it. This is accomplished by drilling a series of holes about 8 inches apart along the bottom, and then 
splitting the block from its bed by means of wedges. 

The work of drilling the holes is by quarrymen called “ gadding”. In most of the large marble quarries of 
this country this is accomplished by means of a machine, using the diamond spindle drill on the same principle as the 
Sullivan channeling-machine, and called a “ gadding-machine”. The holes are drilled to varying depths, depending 
upon the width of the block to be raised. In many quarries the blocks are made from 4 to 6 feet in width, and the 
bottom holes are gadded from 18 to 36 inches deep. The split is made with the common plug-and-feather wedges, 
which consist of two half-round pieces of iron (called feathers), tapering toa point at oné end, and a wedge-shaped 
piece of steel called the plug. The length of the plugs is a little greater than the depth of the drill-holes in which 
they are to be used. The feathers are a little shorter than the plugs, and when two of them are placed with their 
flat sides together the large end just fits into the drill-hole, in which they are so placed that the points are left 
protruding slightly and the large end nearly reaching the bottom of the hole. The plugs are inserted between the 
points of the feathers, and when they are all thus set they are driven simultaneously till the block splits from its 
bed. A few of the wedges are then overdriven to loosen the others, in order that they may be withdrawn and used 
elsewhere. 

In the Cockeysville marble quarries, near Baltimore, Maryland, the blocks are channeled from 8 to 15 feet in width 
by using one side of the Wardwell machine and cutting single instead of double channels. To raise these blocks the 
bottom holes are drilled 2,4, and 6 feet in depth, and a wooden plug about 2 inches in length is put into the bottom 
of each hole. The wedges or plugs are round bars of steel of a diameter a little less than that of the drill-holes, 
and their lengths exceed the depth of the holes in which they are to be used by about 3 inches. The portion of 
the bar which is wedge-shaped is about 8 inches in length, and to this the feathers, of about the same length, are 
tied, the large end projecting a little beyond the end of the wedge. The feathers and wedges thus tied together 
are Heal in the holes against the wooden plugs, which allow the wedges to be driven through and beyond the 
feathers if necessary. A block 8 feet thick, 15 feet wide, and of any length may thus be raised. The gadding- 
machine is further used for gadding the holes for splitting the large blocks into sizes suitable for handling. This 
operation is illustrated on Plate Il. When the machine is adjusted for work it is braced by driving the pointed 
legs near the trunk-wheels hard upon the quarry floor. The boring apparatus is attached by a swivel to a 
perpendicular guide-bar, which is secured to the boiler and forms the main support of the machine. The boring 
apparatus may be raised and lowered upon the guide-bar and turned upon the swivel so as to bore in ony) direction 
within the plane of the swivel-plate. 

Steel-bitted machines have not yet been improved so as to cut or gad the holes along the bottom of the blocks 
sufficiently close to the floor, but for gadding the side holes such machines are used to good advantage. They are 
not capable of doing as much work as the diamond machines, but the high price of the carbon points places the 
Jatter machines at a disadvantage. 

In Rutland marble an ordinary day’s work for one man is to channel by hand 3 square feet; to gad by hand, in 
depth, 12 feet. An ordinary day’s work for the Wardwell channeler is 50 square feet; an ordinary day’s work for 
the diamond channeler is 60 square feet, for the gadder 180 feet, and for the steel-bitted machine (a) 100 feet. 

The above figures do not indicate the capacities of the machines under wholly favorable circumstances, but 
only their usual work with the usual contingent delays. 

Guides cannot be attached to percussion drills so as to confine the action of the tool to a narrow rock partition 
between the holes, as is done with the diamond drill; though in some granite quarries continuous open channels are 
cut with percussion drills by first drilling a series of holes, with a 2- or 24-inch drill-bit, about three-quarters of an inch 

apart, which is as close as they can be cut without running into each other and wedging the tool. The cores are 
then chipped out by replacing the drill-bit by a tool of the same diameter, having a circular cutting rim and a 
diametrical cutting edge. The tendency to run off the core is partly obviated by the shape of the tool and partly 
by placing in the holes, on each side of the core, strips of hard wood of a thickness that will just allow the tool 
to go down between them. This seems to be the only practical method yet devised for channeling granite, 
though very little of this kind of work is done for the reason that the operation is very expensive on account of the 
hardness of the rock and because granite sustains less injury than the softer rocks by the use of explosives, which, 
Fuenent may be employed for detaching large blocks without serious objection. 











mete The taper sol rock-drill is the steel-bitted machine used for gadding in the Rutland quarries. The Rand drill is used in some other 
marble quarries. 


QUARRY METHODS. ai 


The work of breaking the large blocks of granite into smaller sizes is accomplished altogether by means of 
plug-and-feather wedges. To break the largest blocks of gneiss or gneissoid granite with the rift plug-holes from 4 
to 6 inches deep and 8 inches apart are sufficient; but to break such blocks across the rift, or to split blocks having 
a truly granitic structure, about every third or fourth hole is drilled to a depth depending upon the thickness of the 
block and firmness of the texture, by which a more perfect fracture is insured. These deep holes are drilled with a 
striking-drill operated by three men, one holding and turning the tool and two men striking with heavy hammers or 
sledges. The other holes are drilled with small hand-drills. The feathers or half-rounds and plugs or wedges 
are smaller than those used in the softer kinds of stone. The 4-inch plug-holes, about three-quarters of an inch 
in diameter, and wedges and half-rounds 3 inches in length, are used for splitting blocks of considerable size. The 
wedges draw more perfectly if they are oiled before they are driven. 

In most of the large sandstone quarries, except those in the hardest kind of sand-rock, channel cuts are made to 
some extent. Usually in the softer sandstones channels about 18 inches in width and from 4 to 6 feet and sometimes 
even 15 or 20 feet in depth are dug around the sides of the quarry with sharp steel picks, and the loosened material is 
thrown out with shovels. Other similar channels are often made, especially in large quarries, to cut off a certain 
portion of rock. Sometimes these channels are cut only on three sides of a quarry, to give a face and free ends. 
In the brownstone quarries of Portland, Connecticut, the channel necessary for a quarry face is made and the ends 
are broken off by blasting, as already erened: 

Having a face and fee ends in a bedded, stratified, or unstratified sand-rock, a groove parallel to the face is cut 
across the top. The distance of this groove from the face may depend somewhat upon the thickness of the bed. 
A row of wedges is set in this groove and simultaneously driven till the rock breaks open. A long rectangular 
block is thus detached, and afterward cut into smaller sizes by means of wedges. For splitting small blocks, 
instead of the continuous groove a short groove is cut for each wedge. 

When wedges alone are not sufficient to split off a block, holes are drilled at intervals and to depths as may 
be required, and plugs and feathers are used in connection with the wedges. When the rock is stratified, but not 
bedded, a row of wedges with or without plugs and feathers, as the case may require, is driven along the bottom to 
raise the block at the same time that the top row of wedges is driven. When the rock is neither bedded nor 
stratified it is best to channel off blocks of such width that they can be raised by wedging along the bottom. 

The process of quarrying sandstone by the methods most commonly employed is illustrated on Plate V. 

The Wardwell channeling-machine has recently come into considerable use for quarrying sandstone. The 
eutting-bars for this purpose are made to cut a channel 2 inches wide and 4 feet deep, and are sharpened at both 
ends so that they may be reversed when one end is dull. These cutting-bars need to be sharpened more frequently 
in sandstone than in marble. 

The work of channeling with picks and shovels is very injurious to the health of the workmen on account of 
the sand-dust inhaled into the lungs. 

In the North River blue-stone quarries the rock is bedded and so jointed that no artificial channels are necessary 
for freeing the sides of large blocks. A quarry face is secured by excavating the rock between two parallel joints, 
which may usually be found but a few feet apart. This is called “forcing”, and is done by drilling holes and blasting 
out the rock with powder. 

The blocks are raised by driving wedges into the bed joints, unless the beds are too thick, in which case a row 
of plug-holes for splitting the block is put in along a line of stratification. The lines of stratification are called 
“reeds”, and mark the planes along which the stone can be split up into thin slabs; they usually occur at intervals 
of from 2 to 6 inches, though sometimes at greater intervals, when the stone cannot be split up into flagging, but 
is suitable for dimension work. 

After the blocks are raised from their beds they are broken across by means of plug-holes, about 8 inches apart, 
drilled across the top. Small point-holes are also made between the plug-holes. The quarryman first drives the 
plugs tight and then drives the point into one point-hole after another all along the line, the object of this being to 
assist the wedges and to secure a straight fracture. The wedges and point are driven alternately till the stone 
breaks. Small blocks can usually be split along the planes of stratification by simply driving the point in along a 
reed. 

Where the rock lies in thin beds or sheets the blocks are pried up with long steel bars. If slabs of less thickness 
than that of the natural beds are desired the blocks are split before they are broken across. 

A peculiar method of reducing large blocks by means of wedges is employed in the limestone quarries at 
Conshohocken, Pennsylvania. This limestone is magnesian in composition, has a rifted or foliated structure, is 
capable of withstanding a great transverse strain, and works in a manner peculiar to itself. The large blocks are 
detavhed by blasting, as described on page 33, and are made to lie with the rift horizontal; lines of holes are drilled 
from the top as nearly through the blocks as possible without chipping out a piece at the bottom, and from one side 
horizontal rows of holes are gadded to a depth ef from 1 foot to 3 feet, depending upon the size of the blocks. In this 
manner all the drill-holes necessary for reducing a large block with plug-and-feather wedges to blocks of required 
dimensions are drilled ; the holes from the top crossing the rift (or ‘‘ split”) are drilled about 8 inches apart, and 
those from the side several feet apart. The blocks are first split with the rift and then across it. 
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In the soft-limestone quarries at Winfield, Kansas, a common auger, not pointed, is used for boring holes for 
the plug-and-feather wedges. A 13-inch auger bores 6 inches in depth per minute. | 

In soap-stone quarries the blocks are at once cut up by the channels into sizes suitable for handling, wedges being 
used for cutting off the bottom only. A wedge fracture in soap-stone is somewhat ragged. The channel is cut to 
its full depth at one end, from which it is then cut back by paring off successive increments from top to bottom with 
a long steel bar having fe cutting end beveled from one side. These bars are called chisel-bars or channeling-bars. 

Asall the softer rocks are more or less shattered when quarried by the use of explosives, the process of channeling 
has largely superseded that of blasting in this country for quarrying all kinds of rocks for building purposes, except 
slate and granitic rocks. It is the improved methods employed in quarrying that give the American marbles a claim 
to superiority over the Italian or Carrara marble. 

At Carrara, Italy, the marble stands in immense cliffs on the sides of steep and rough mountains, and masses 
weighing many tons are blasted off and allowed to fall sometimes from 400 to 500 feet before striking. The jar 
sustained, both by the blast and by the fall, injures the texture of the stone, and causes, what is noticed everywhere 
in our cemeteries, the cracking of Italian marble after a few years’ exposure. (a) 

The worst feature attending the use of explosives for quarrying stone is that incipient cracks are produced, 
which do not open while the stone is being handled and dressed. Costly buildings are often marred and sometimes 
ruined by the cracking of some of the stones used in their construction. This disintegration is usually attributed 
to the non-resistance of the material to atmospheric influences, but it is more often due to the incipient cracks 
started in the quarry. 


THE WORKING OF SLATE. 


As slate is distinct in structure from all other rocks, so is the working of it essentially different. A few of 
the technical terms used by slate-workers it will be necessary to explain before proceeding with the discussion of 
the manner of working. : 4 

The SPLIT is the cleavage. 

The GRAIN is a secondary cleavage at right angles to the split, and usually to a regular system of natural 
joints. 

FuLInt is a term applied to hard clay stones, quartz, or any hard rock which may be interstratified with the 
slate rock or occur in veins or concretions. : 

A QUARRY is where good slate rock exists developed or undeveloped. * 

SrTock is the useful rock taken out of a quarry. 

The Burg’ of a quarry is where the overlying rock comes in contact with an inclined stratum of slate rock. 

The NOSE of a quarry is the line of contact between the underlying rock and an inclined stratum of ae 
rock. 

END JOINTS are vertical joints running back from and perpendicular to the quarry face. 

BACK JOINTS run parallel to the quarry face. 

BoTtToM JOINTS are horizontal or nearly so. 

The ENDS of a block are the surfaces which cross the split and are perpendicular to the grain. 

The SIDES of a block are the surfaces which cross the split and are parallel with the grain. 

To SCULP is to split a block with the grain by driving a chisel into a notch made in the end of the-block. 

To PLUG is to drill a hole near the middle of and through a block, and drive in a plug-and-feather wedge or 
put in a blast of powder to split the block with the grain. 

To BREAK ACROSS is to break a block in a plane perpendicular to the grain and split by cutting a notch in oneedge 
and then supporting the block at each end on this edge and striking witha heavy wooden mallet on the other edge 
and directly opposite the notch, or the block may be supported near the notch and struck near the ends on the 
opposite edge. 

To SPLIT is to separate the slate along the cleavage planes. 

In this country the slate is all taken out of open quarries, and the successive steps to be taken in quarrying 
slate are similar to those taken in quarrying other kinds of rock: The weathered material pear the surface is removed; 
a quarry face is made by excavating a narrow channel down into the solid rock; large blocks are detached, and 
these are worked up into sizes suitable for handling, hoisted ont of the quarry, and worked up by different processes 
for different uses. 

The method of working a quarry depends chiefly upon the inclination of the cleavage plane and upon the 
direction of the grain; a quarry should always, however, be worked from the butt toward the nose. 

In the Maine slate region the cleavage or split is nearly vertical and corresponds very nearly with the 
Stratification. The grain in some of the quarries is vertical, and in others it is horizontal. The slate veins or 
strata occur altern aotoly % with flint veins, the former varying in thickness from 2 to 10 feet, the latter being less, but 














a Mr. Kawi in Crehis, a mar ble cates of ‘Enodis says ih at Sachin he visited the Carrara marble quarries the scene ren nohee him 
of the bombardment of a fort; that he has examined blocks of marble in some of the old ruius of Rome and found that the stone was 


somewhat worn but not Seiden: but that scarcely a block of marble quarried since the introduction of gunpowder can be found free from 
cracks. 
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also variable in thickness. The quarries are worked from the butt, a slate vein is excavated for the face, and the 
flint vein on the upper side is allowed to stand for a wall. The face is excavated from 20 to 30 feet in depth and about 
the same in length before any stock is taken out. The flint vein on the lower side is then blasted out with powder and 
the next slate vein will usually be found cut up into blocks of greater or less size by end joints and bottom joints, 
and may be detached by driving in wedges at the top. Sometimes a hole is drilled in from the top so as to strike the next 
lower flint vein at a depth of 8 or 10 feet, light blasts are made to loosen the back joints, which in this case are joints 
along the cleavage, and the blocks are pried off with bars. Whenever no bottom joint is availabie at or near the 
floor of the quarry, an undercut must be made, and this is called blasting off the roots. When the grain is horizontal 
the excavation is carried down in steps, each from 20 to 40 feet or more in height. When the grain is vertical the 
step system is not uniformly adopted; but each underlying bed or vein is allowed to stand until a bottom joint is 
reached, which is seldom at any great depth; and, if the end joints are so far apart that the rock between them 
cannot be detached at once from the top, a space is blasted out at one end in the same manner as the roots are 
blasted off when the grain is horizontal; a hole is drilled half way between the top and bottom and from 10 to 20 feet 
from the free end, and a blast put in this hole splits the block from top to bottom. For splitting (or “ plugging ”) 
off blocks in this manner the drill-hole must go through to a back joint; though such a joint may be made at any 
depth by putting a small charge of powder in the bottom of the hole and tamping it in tightly with sand, and the 
effect of the blast will be to cleave the rock along the cleavage plane passing through the bottom of the hole. If 
the hole is filled nearly full with powder and covered lightly with sand, the effect of the blast will be to make a 
clean break along the grain from top to bottom without shattering the rock; but if the powder is made to fill but 
half the hole and is heavily tamped, the effect of the blast is to break up and shatter the rock. 

Experienced slate quarrymen show unusual sagacity by the manner in which they take advantage of the position 
of the rock as determined by the cleavage, grain, and natural joints, and by manipulating the blast so that it will 
produce just the effects desired. In the Vermont slate region the cleavage dips at an angle of about 45°, and, if the 
quarries are opened in the butt, one face cut will be sufficient for taking out all the rock which can be obtained 
without carrying the excavation under the overlying strata; but small quarries are often opened near the nose, 
where there is but a small amount of slate above the underlying strata, and when this is taken out a new face cut 
must be started from the top. There are a great number of small quarries opened in this region without regard to 
future workings and without any idea apparently of developing large operations. The débris is thrown on good 
slate rock, and the progress of large quarries has already in some instances been stopped by these piles of débris. 

In the different Pennsylvania slate quarries may be found. every different inclination of cleavage, direction of 
grain, and manner of jointing, but the general principles of quarrying are the same in all; that is, a face and free 
end are first made, after which large blocks are wedged off, pried off with levers, or plugged off with powder, and 

these blocks are plugged, split, and broken across till they are reduced to such sizes that they may be hoisted out 
of the quarry with derricks. If a block is small and less than one foot in thickness, it can be split by driving the 
sculp or paring-chisel into the edge of the block along a cleavage line; if the block is large, and it is necessary to 
use wedges for splitting, a series of wedge-shaped holes is cut along a cleavage line with the paring-chisel, two 
' thin strips of iron are placed in each hole, and the wedges are placed between the strips of iron and driven. 

Slate is used for a great variety of purposes, and if the blocks are to be worked up into roofing slate they are 
taken from the quarry to the splitters’ shanties on small cars run on rail tracks between the quarry and the shanties. 
At each shanty are a splitter and two assistants. The first assistant takes the block upon its arrival and reduces it 
to pieces of about 2 inches in thickness and of a length and breadth a little greater than those of the slates to be 
made. The splitter cleaves these pieces into slates with the splitting-chisel. The second assistant trims the slates 
with irregular edges into rectangular shape and to definite sizes. 

The process of sculping, which is carried out by the first assistant, is as follows: A notch is cut in one end of the 
block with the sculping chisel, and the edge of the notch is trimmed out with the gouge to a smooth groove extending 
across the end of the block and perpendicular to the upper and lower surfaces ; the sculping chisel is set into this 
groove and driven with a mallet, and thereupon a cleft soon starts, which by skillful manipulation is guided directly 
across the block. The upper surface of the block is wet with water so that the crack may be more readily seen. If 
the block were perfectly uniform in shape and texture, and the blows upon the sculp directed straight with the grain, 
the crack would follow the grain in a straight line across the block. Almost invariably, however, the crack will 
deviate to the right or to the left, and must be brought back by directing the blow on the sculp in the direction in 
which it is desired to turn the break, or by striking with a heavy mallet against the right-hand side of the notch, if 
the break is to be turned in that direction, and vice versa. Some slate rock can be sculped across the grain, but 
most of it has to be broken across the grain. 

The splitter uses a broad thin chisel for his work. He always splits the piece of slate through the middle, and 
continues to divide the pieces into equal halves until they are reduced to the required thinness. The edges of the 
blocks must be kept moist from the time the rock is taken from the quarry until it is split up, and when it is necessary 
to allow the blocks to lie a day or more some precautions must be taken to keep the edges moist. In some quarries 
the blocks split best from the side and in others from the end, and in some qualities of slate the splitting chisel 
may be driven in its whole length at once without danger of breaking the slate, while in others it is necessary to 
lead the split by driving the chisel slightly all around the edges of the block before driving it in at any one point. 
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There are many other little peculiarities which need to be watched by the splitter, and almost every different quarry 
presents some characteristic features which modify the working of the slate. 

To trim slate by hand a straight-edged strip of iron or steel is fastened horizontally on one of the upper edges 
of a rectangular block about 18 inches in height; the trimmer lays the slate upon the block, allowing one of the 
irregular edges to project over the iron plate, and cutting it off by a chopping stroke with a heavy knife; in this 
manner he trims two edges at right angles to each other and then marks out the other two edges with a measuring 
stick before trimming them. The measuring stick has a nail through one end and notches or steps toward the other 
end at distances from the point of the nail corresponding with the lengths and breadths of slates made. 

The machine for trimming slates consists of a horizontal steel plate, with a beveled edge upward, past which a 
heavy curved knife is made to pass by being revolved on an axle like that of an ordinary straw-cutter, or by being 
hung on a hinge and pulled up by a spring and down by a treadle operated by the trimmer. Projecting at right 
angles from the plate, a little upward and toward the operator, is an iron arm upon which there are steps at 
distances from the knife-edge corresponding with the lengths and breadths of slates made, and which thus serves as 
a guide for making the slates both rectangular and of definite sizes. The trimmed slates are set on end outside of 
the shanties, each different size in a row or pile by itself. Each square, which is the number of slates that will 
cover 100 square feet of roof, is set off in the piles by allowing one slate to project over the sides of the others. 

For many purposes slate is worked up principally by machinery. The blocks are taken from the quarries to 
the slate-mills and there split into slabs about 2 inches in thickness and sawed into the required sizes with cireular 
saws. If thinner slabs are required the sawed pieces*are split. The sawed slabs are planed on one side or on 
both sides, as may be required, with a planing-machine like the machines used for planing iron. The planer-chisels 
vary in width from 2 to 6 inches, according to the softness of the slate. The planed slabs are laid on the rubbing- 
bed and rubbed with sand put on with water. The rubbing-bed is a flat, circular piece of cast-iron, from 8 to 10 
feet in diameter, revolving horizontally on a shaft. The sand is put in a trough above the rubbing-bed. One end 
of the trough is a little lower than the other, and is near the shaft above the center of the bed, so that a small 
stream of water entering the upper end of the trough washes the sand slowly upon the bed and near its center. 
The sand gradually works to the outer edge of the bed, and is finally washed off as silt. The slabs of slates are 
prevented from being carried around with the bed by stationary arms or timbers extending across the bed, and 
within about one-quarter of an inch of its surface. 

Slate does not receive a gloss polish, but if a finer surface is desired than that which can be given by the 
rubbing-bed it is rubbed by hand with fine sand or emery. Slates for billiard-table tops are jointed after being 
rubbed, the slabs being fastened to a table moving back and forth before a large revolving grindstone. 

For mantels, table-tops, etc., and all kinds of marbleized work, the softer varieties of slate are preferred; they 
can be sawed with both circular and band saws, and are easily planed and rubbed. For tiling and other uses in 
which the slate is subjected to considerable wear the harder varieties are employed; the slate from the quarries 
at Chapmanville, Pennsylvania, is especially applicable for these purposes, and has to be sawed with diamond band- 
saws and diamond reciprocating saws. These saws are made by setting in teeth of black diamond or carbon points 
to do the cutting. In the quarries at Chapmanville steel drills are used, but at the mills all the drilling is done 
with diamond-set tools. 

School slates are manufactured quite extensively at some of the quarries in the vicinity of Slatington, 
Pennsylvania. <A large part of the work is done by machinery, and the improvements which have been made in 
this line are important. The slates are quarried and split the same as for roofing. 

The follo wing table shows the different steps taken in finishing the slates after they are split, and the number 
of persons required for one set of machinery capable of turning out about 20,000 slates per day : 
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The machine for printing the rules on the frames is a recent and valuable invention. The rules are divided 
into inches, half inches, and quarter inches. 

These slates now supply almost the entire market of this country, and are quite extensively shipped to England, 
Germany, and other foreign countries. 


THE GENERAL METHODS OF DRESSING THE VARIOUS CLASSES OF ROCKS. 


1. The tools employed in dressing granite are the set, the spalling-hammer, the pean-hammer, the bush-hammer, 
the chisel, the bush-chisel, and the hand-hammer. The set is used for dressing the edges of a block to a line. The 
spalling-hammer is sometimes used for taking off larger projections than can be dressed off with the set; but such 
projections are commonly taken off with wedges (or “ plugged off”). The point is used for roughing out the contour 
of surfaces. With the pean-hammer the projections left by the point are cut down. The busb-hammer imparts a 
finish according to the number of cuts employed. The chisel is used for finishing moldings, for cutting drafts 
around rock-faced and pointed work, and for lettering and tracing. The bush-chisel is used for dressing portions 
of surfaces not accessible with the bush-hammer. The set, point, and chisels are driven with the hand-hammer. 

The steps in the process of dressing a granite surface are: Ist, dressing the edges to a line with the set; 2d, 
roughing out the surface with the point; 3d, cutting down the irregularities left by the point with the pean- 
hammer; and, 4th, dressing down, with the 4-cut, 6-cut, 8-cut, 10-cut, and 12-cut bush-hammers successively, the 
irregularities left by each preceding tool. 

This process is carried out to different degrees for the different kinds of finished dressing known as rock-faced 
work, pointed work, single-cut or pean-hammer work, and 4-cut, 6-cut, 8-cut, 10-cut, and 12-cut work. For pointed 
work there is usually a draft chiseled around the face, after which the space within is dressed to a level with the 
draft or is given a certain projection, and may be rough-pointed or fine-pointed. Rock-faced work is sometimes 
drafted. The surfaces which come against other surfaces in masonry are dressed to a degree of fineness depending 
upon the closeness of joint required. Exposed surfaces are not often finished with the pean-hammer, the principal 
use of the single-cut being to prepare the surface for tbe next finer cut. 

The condition of the surface at the completion of any particular cut work should be such that each cut in the 
hammer traces a line its fulllength on the stone at every blow. The single-cut should leave no unevenness exceeding 
one-eighth of an inch, and each finer cut reduces the amount of unevenness; and the 12-cut should leave no 
irregularities other than the indentations made by the impinging of the cuts in the hammer upon the surface of the 
stone. The lines of the cuts are made to be vertical on exposed vertical faces, and on the horizontal und unexposed 
faces they are made straight across in the direction which is most convenient. 

For fine and accurate work all the tools designated in the complete process are used, except that a 5-cut 
hammer is often substituted for the 4-cut and the 6-cut hammers; but some of the tools are ordinarily omitted, 
the 6-cut being made to follow the pean-hammer, and the 10-cut to follow the 6-cut, etc. 

A machine operating a bush-hammer by steam has been used, but not extensively. The hammer can be made 
to strike with any force up to a certain degree, but it cannot be guided with the delicate accuracy with which the 
bush-hammers are manipulated by hand. There are two other inventions for dressing granite by machinery not 
yet extensively tried. One of these inventions is the sawing of granite with gang-saws by the aid of chilled-iron 
globules. 

Granite has been sawed with gang-saws by the aid of sand and with diamond-toothed saws; but the former 
process is too slow and the latter is too expensive to be profitable. 

The essential feature of the other invention above referred to is a tool- or cutter-holder called the ‘‘chuck”, 
which is furnished with three or more circular cutters set at an angle to the plane of their track or the path described 
by the edges of the cutters as they are carried round in a circle by the revolution of the chuck upon its axis. 

Machines are made with the chucks and cutters variously adjusted for dressing plain and curved surfaces, the 
top and sides of blocks, different kinds of stone, and for turning columns. 

The principal objections which have heretofore been urged against these machines are that the sand made by 
the dressing gets into the journals and between all the rubbing sui faces of the machinery, producing rapid wearing 
of these parts, and that the cutters are liable to chip out the edges of the blocks of stone. To overcome the latter 
objection an arrangement has recently been invented for producing more perfect arrises. 

Granite is now used rock-faced in all cases where this mode of dressing is at all applicable. The use of granite 
for tombstones and ornamental work in general has greatly increased since the introduction of machinery for 
polishing. The cost of preparing a granite surface for polishing is, however, still great. 

Before the introduction of machinery for polishing a polished granite surface was seldom seen; but now the 
polishing of granite is an extensive industry. The surfaces are prepaied for polishing with the 10-cut or the 12-cut 
bush-hammer. The process of polishing consists in: 1st, rubbing with sand; 2d, with emery; and 3d, with putty- 
powder. All these polishing materials are put on with just sufficient water tomake a paste whichis not gummy. The 
process is commenced with rather coarse sand. The sand constantly works off and is caught on a shelf or in a pit, 
and for a time fresh sand is supplied; but as the surface becomes smoother the sand is taken from the shelf or pit 
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and put back upon the stone, the sand being ground finer and finer at the same time that a finer surface is produced. 
The impalpable powder or mud produced is carried off by the water. Emery is applied in the same manner as 
sand after as fine a finish as possible has been given by the latter. Putty-powder is rubbed on with a felt-covered 
block to give the surface a gloss finish. Flat surfaces are brought to a horizontal position, and the sand and emery 
are rubbed on with a horizontally-revolving iron wheel made of several concentric rings. The rubbing-wheels are 
usually from 12 to 18 inches in diameter; the machines are constructed on various plans, so that the wheels may be 
carried about over the whole surface to be polished, and so that the vertical shaft upon which the wheels are carried 
may be raised or lowered within certain limits by the operator to give different degrees of pressure. The felt-covered 
block for rubbing on the putty-powder is attached to the bottom of the wheel. Straight moldings are polished 
with blocks made to fit them, and worked back and forth by machines called “pendulum machines”. Granite 
columns are polished in lathes. 

2. The steps taken in the process of cutting marble are: 1st, shaping up the block with the spalling- hammer and 
pitching-tool; 2d, roughing out the surface with the point; 3d, cutting down the projection left by the point with 
the tooth-chisel; and 4th, cutting the surface smooth with the drove. 

The spalling-hammer is used for breaking off the larger projections, and the pitching-tool is used for dressing 
the edges to a line. Chisels having a bit more than one inch in width are called ‘ droves”; smaller sizes are called 
“tools ”. 

A finished surface is usually drove, tooled, or polished. Rock-faced, pointed, and tooth-chiseled work are seldom 
employed. A tooled surface is made with the chisel, and has a ridged or wavy appearance due to the lines of 
indentations made by the tool. Surfaces are drove preparatory to polishing. The steps involved in the process of 
polishing are: Ist, rubbing with coarse sand; 2d, with finer sand; 3d, with coarse grit; 4th, with finer grit; 5th, 
with pumice-stone; 6th, polishing with Scotch hone; and 7th, glossing with putty-powder, with sometimes an 
addition of oxalic acid. Water is applied in every step of the process. 

It is usually specified in contracts for polished work that no oxalic acid shall be used, because a more durable 
polish is obtained by the use of the putty-powder alone. 

Small blocks are rubbed with sand on the rubbing-bed; otherwise, machines similar to those used for polishing 
granite are used for applying the sand and putty-powder. The grit consists of spalls from sand-rock which has a 
texture suitable for grindstones. The grit and pumice-stone and Scotch hone are applied by hand. Each step in 
this process must eradicate all traces of the preceding step; skillful workmen are required, and the work of 
imparting the gloss finish cannot proceed so long as there are any scratches whatever left in the surface. 

A dressed surface of most colored marbles will have cavities, which must be filled before the marble is 
polished. This filling is done with a wax made of shellac and colored with any non-oily substance, which is 
applied with a red-hot strip of iron, and before the wax cools a little of the marble-dust is rubbed into it. The 
same material is also used for cementing pieces of colored marble together. There is yet no substance known with 
which white marbles can be filled; and, fortunately, the need of filling them is not often felt. White marbles are 
usually compact and colored marbles vesicular in structure. 

Marble is quite extensively sawed with machines called “ gang-saws”, employing horizontally reciprocating 
saws which are aided by sand. The saws are plates of iron from 3 to 4 inches wide and one-eighth of an inch thick ; 
their edges are smooth, and the actual cutting is done by the sand. As many saws are used at once on a block of 
stone as there are parallel cuts to be made. The saw-frames are supported by iron rods working on hinge-joints 
at both ends. Some machines are so constructed that the pressure on the saws is simply the weight of the saws 
and frame; but in other machines the frame is let down a certain amount at each stroke by screws worked by the 
machinery. By the latter arrangement the feed can be regulated to suit the texture of the stone. 

The sand is placed on the top of the stone and fed into the kerfs with a water-drip. The sludge from the ends 
of the saws is caught in a pit, the silt is carried off by the water, and the sand is shoveled back upon the stone. 

Iron plates, the cutting edges of which are segments of a circle, are revolved by a vertical shaft for sawing 
circular pieces out of marble slabs for sinks, wash-stands, etc. The saw prepares the surface for the process of 
polishing. 

Various machines have been invented for doing different kinds of work in marble dressing, but only a few of 
them are found at all in use, excepting those referred to above. 

In many localities in this country thinly-bedded limestones are the only stone material near at naa for purposes 
of construction. The beds of these stones are usually smooth enough to be used in ordinary masonry without 
dressing; the ends are jointed with the pitching-tool and point, and the faces are commonly dressed rock-face. 
Such stones are not used to any extent for superstructures, except for church edifices, their principal use being for 
building foundations, bridge piers and abutments, and other like structures. 

Heavily-bedded limestones are commonly sawed with gang-saws, and the various kinds of finish given the faces 
are rock-face, pointed, tooled, drove, or rubbed. On some limestones the tooth-ax is used after the point, after 
that the ax-hammer, and then the diamond hammer. 

For carving marble and other stones, as for carving wood, chisels, gouges, and drills, of various sizes, and 
special tools for special kinds of work, are used. 
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3. The steps in the process of cutting sandstone are similar to those in the process of cutting marble, except 
that the crandal takes the place of the tooth-chisel on large surfaces. The diamond-hammer is used after the 
crandal on some kinds of sandstone, and the bush-hammer is used on hard, compact, ea sandstones like 
the North River blue-stone. 

Blocks of sandstone are sawed with gang-saws, like blocks of marble. Some sandstones are so soft when first 
taken from the quarry that they can be sawed with gang-saws without the aid of sand. Diamond-toothed saws 
have been successfully used for sawing the Portland (Connecticut) brownstone. These saws, while they cut the 
harder varieties of sandstones more rapidly, are much more expensive than the ordinary gang-saws. 

A rubbed surface is the finest finish of which Bane One is susceptible. The surfaces may be rubbed with 
sand alone, or with sand followed by grit. 

Slabs of North River blue-stone are planed, like slabs of slate, before they are rubbed. 

4, The greenstone, or serpentine, which has been used so largely for the construction of dwellings and 
other buildings.in Philadelphia, and to some extent in other eastern cities, is dressed rock-face. The rock is 
considerably broken up in quarries by natural joints, and is still more broken up by the powder used in quarrying. 
A greenstone building standing among other buildings presents a pleasing appearance, but many greenstone 
buildings together present a less agreeable appearance; there is a harshness which has become more apparent 
with the increased use of the stone, and which has finally driven the stone almost entirely out of use. But the 
greenstone is certainly capable of producing beautiful architectural effects by contrast. Thus far the quarries 
have been worked in the outcrop only. Upon the further development of the quarries, and more systematic 
working, larger blocks applicable to a greater variety of purposes, and a material more susceptible of dressing, 
may be produced. 

For carving stones, as for carving wood, chisels, gouges, and drills of various sizes, and special tools for 
special kinds of work, are used. 

There can rie be said to have been any advance made in the method of carving stone since the stone age, 
when the savage chipped one stone with another; but the sand-blast method bids fair to supersede the old method 
for some kinds of work. 

The sand-blast has been most extensively used for engraving glass, but it has been to some extent used for 
carving stones. Ata high velocity of impact, grains of sand will cut or wear away substances much harder than 
themselves. For engraving or carving, sand, grains of quartz, or any other hard material is rapidly driven 
against the surface to be cut by any propelling force; a rapid jet or current of steam, air, water, or other suitable 
gaseous or liquid medium is preferred. 

A peculiarity of the sand-blast is that the grinding or cutting action may be made to take place upon irregular 
surfaces, cavities, corners, and recesses hardly accessible to ordinary methods. 

The business of carving stones is yet in its infancy in this country, but it is rapidly increasing ; buildings, both 
public and private, being more ornamented with carved stones as the wealth of the country increases. 
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DESCRIPTION OF PLATES ILLUSTRATING QUARRIES AND QUARRY METHODS. 


PLATE XIX.—Portions of several more or less connected excavations, worked independently of each other. Posts or pillars are left te 
support the hanging wall or roof. On the floor, in the foreground, is a Wardwell channeling-machine for cutting 
the marble into long rectangular blocks. Whenever it is necessary to make the quarry deeper (to “ go down ip 
the floor”), one of the long blocks is cut into short, nearly cubical pieces, called ‘‘key-blocks”. The first key- 
block may be broken off more or less near the bottom by driving wedges into one of the channels. After the first 
key-block is completely removed (the bottom may have to be dug out in fragments) a row of holes is drilled along 
the bottom of the second key-block, and wedges are driven into these holes to raise the block from its bed. In 
this manner each succeeding key-block is taken out. A long block is then raised by driving wedges into holes 
drilled along the bottom. The long blocks are split, along the lines of stratification, into pieces which can be 
handled by the hoisting machinery. The small, waste material is raised to the surface in cages, which are 
shown attached to the derricks. ; 

PLATE XX.—Small portion of the second excavation of Plate XIX, as seen from the opposite direction. The inclined channels on the 
hanging-wall side are cut with the diamond channeling-machine. The machine in operation is a diamond 
gadding-machine, by which the necessary holes for splitting up a long block are being drilled. The quarried 
blocks are attached to the derrick ropes, as shown in the foreground, and hoisted to the surface. 

PLATE XXI.—Portion of the second excavation of Plate XIX, at an earlier period, when the excavation was just being cut through under 
the pillar. The excavations are usually carried down by steps, as shown on this plate. 

PLaTE XXIJ.—Excavation in nearly horizontally stratified marble. The quarry floor is kept parallel with the stratification, and the 
channels are cut at right angles to the stratification with bars by hand or with the diamond channeling-machines, 
The roof is strong and capable of supporting itself over a wide span. However, the pillars left in these quarries 
are not sufficient to support the roof properly, and large masses of roof occasionally scale off and fall into the 
bottom of the quarries. It can hardly be hoped that no serious accident will ever result from these falls, though 
it is claimed that no person was ever injured by them. 

PLATE XXIII.—Illustration of the method of quarrying sandstone by channeling and wedging. The end of the quarry on the left of the 
picture is cut off by a channel about two feet in width, and the back of the quarry is cut off by a similar channel, 
so that a block may be detached by a row of wedges parallel to the first channel. Two men are driving a row of 
wedges, each man striking an alternate wedge as he moves forward. Two others, with picks, are cutting grooves 
for rows of wedges. The manner of splitting the blocks with the stratification is shown in the foreground to the 
right. 

PLATE XXIV.—Greenstone or serpentine quarry. The rock is naturally much broken up by joints, and it is still more broken up by the 
powder with which it is quarried. 

PLATE XXV.—Wardwell channeling-machine.’ For description, see page 35. 

PLATE XXVI.—Two-spindle diamond channeling-machine. For description and use, see page 35. 
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BUILDING STONES AND THE QUARRY INDUSTRY. — 


TABLE I.—GENERAL STATISTICS OF THE QUARRYING INDUSTRIES OF THE UNITED STATES: 1880. 
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NUMBER OF MACHINES EM- 
PLOYED. 
: Value of ex- 
Number +407 3 ; Value of pro- : 
Capital in- Product in A losives used 
States and Territories. oh auars wanted? census year. duct in jenaus Pp in Hemi 
; Mh For quar- |For hoist- For dress- “year. 
rying. ing. ing. 
Dollars. Cubic feet. Dollars. Dollars. 
Total for United States ....-......-..------------ 25, 414, 497 115, 380, 133 18, 356, 055 339 2, 290 1, 308 192,175 
TOTALS BY KINDS OF ROCKS. 
Marble and limestone (a) ..--...-------------+----+------ 10, 565, 497 65, 523, 965 6, 856, 681 190 709 499 61, 408 
Sandstone siccencseccsssctencesc ce cave as enise cme esaan 6, 229, 600 24, 776, 930 4, 780, 391 40 634 95 27, 571 
Crystalline siliceous rocks..-.....---..---------------- 5, 291, 250 20, 506, 568 5, 188, 998 64 763 322 70, 397 
Slate is-caneccstesce dues) eccmmee semesk eeeeecemacsencecens 3, 328, 150 4, 572, 670 1, 529, 985 45 184 392 32, 799 
TOTALS BY STATES AND TERRITORIES. 
California. coc ec see «cadens see eeece ce saseelenan sempre 100, 000 413, 000 172; 450) hs teoaice 6 14 1, 000 
Colorado ss.s.c-c sen =< -reees coos seas eece eee renee 6 13, 500 662, 790 50, 400 Po acese see 8 |s2cceveee 500 
Connectiont .- .os=-. sec sceeunaleseeeasseneeeeeesceneae 38 1, 730, 560 3, 527, 400 1, 087, 425 27 116 5 13, 590 
Dakota ics cacsseeessaen teem eeniakae ts ROCA OA CR IBCs c 1 3, 500 38, 400 22;'000 fie one. oce 2 pie eee A 324 
Delaware). scnc:ech-ansnsseaesaappniee ses sabsnninaccr estar 3 4, 800 45, 900 T2600! We aacre-- was 8 |.wcccn’ wesllsoeee eee aie 
Georgia scc.cs sons necc eee eate eae eee ee ar aeniena st aeeten ee 3 60, 600 288, 960 68, 980 2 Ph ese 5 615 
Tilinois 22.02 cse'ss ace onwocevenontcwneconsaseeace sess 43 2, 120, 000 13, 321, 199 1, 342, 572 15 68 22 6, 805 
TOWS sa ccce cusoctsnscecseteeneeeeeceeceratehensemananaes 131 556, 775 10, 929, 783 670, 754 2 109 11 6, 859 
Indians -2ecct sececeles eee none en see snes teeesp= Se nee ene 70 613, 560 8, 413, 827 633, 775 13 107 14 2, 300 
Kansaa 0.20 022-s.s acces peaeeciieen sesascciacemer senses 19 73, 700 1, 406, 346 1425570 | ecevece see 34 3 85 
| 
Kentucky.2-is-s+-ccsccsvcuverscnsiscnees susussccestussan 19 143, 250 1, 724, 675 92, 216 2 18 2 927 
Maine .o2csssnccusscssess saneeupaeaetiaebae sean aen seas 74 2, 285, 500 | 2, 465, 670 1, 259, 086 29 178 95 14, 744 
Maryland... cs. oscccuspececsedslecsrencews stadeceeueesen 17 307, 935 1, 375, 917 346, 629 4 31 19 5, 725 
Massachusetts '2.cse2c-+ ace- such annessncsue sas a te aaae 113 1, 616, 850 5, 468, 030 1, 711, 104 22 265 169 29, 355 
Michigan .l.0sssccasvescnschusntenne cancers cane hesceee 9 74, 700 648, 060 79; 165 ,)|(s2e eae se 13) |. eeeesas 1, 222 
Minnesota geoesedeccceesce se shaes o/c eos ewe u'amuin gas Qe iap 41 284, 225 8, 169, 113 255) S18" ||t--ceee > os 67 3 3, 812 
Missourl ..--s<cecescconcebsessave encase sovonepancemecn 34 328, 550 4, 699, 600 613, 171 6 29 6 3, 050 
Nebraska cision rec us@rcends soem instances fare some cciseie at 5, 000 330, 000 15,000 }iSaaseee==e 4}. oeeare 125 
New Hampshire jos. cavccssesicnc cmos semnelsecemsnisesien> 39 128, 800 1, 920, 340 303, 066 ay 109 14 4, 216 
Wow ss Orse yee ves aecsdeer one er see Peon e nae emneeit estan 25 231, 900 3, 251, 621 514, 420 2 29 | oicetenater 2, 596 
New Work ssc. cscense eens ssesscscaesceasccemaee sneer 251 | 1, 080, 445 6, 057, 278 1, 261, 495 | 14 152 52 14, 819 
Qhio =. ..\-2.cs sasenesenartn wees beck eeneree fase ee creer 245 4, 166, 802 19, 673, 309 2, 541, 647 16 447 79 18, 763 
Pennsylvania cescce ener eonaen ceases was ace S os eeee te 164 3, 077, 885 15, 310, 184 1, 944, 208 56 173 213 33, 820 
Rhode Adland ss Jsviececoreensaa escorsese ane soeacmeensee 17 476, 000 1, 352, 900 623, 000 6 43 22 2, 228 
Tennessee 202.0 he ce eee nee ee 13 131, 700 | 792, 621 192, 695 14 30 4 605 
Vermont css iscncialesscpenes nase neces ce one ae cn eine 61 4, 732, 040 2, 468, 150 1, 752, 333 88 183 537 12, 300 
Varginis cc. ocaeas cscs sense nana sane ert ees heemaRene oe 14 721, 250 1, 316, 556 410, 678 | 2 30 24 3, 911 
Washington! << scenssanis= buen ieee esis an forces ame team 2 2, 500 32, 500 B O44 ie ncrewas BW iabetcccc 20 
Wost Virginia /.s2--<csen-cece-tcmesseveose sacs ee eee 10 55, 350 294, 700 16, 689 3 218 ii caeeveted 696 
Wisconsin ccc .ccanscccuccesswenssnseamiewacsegedeaen 60 286, 820 3, 981, 304 227, 065 15 21 il estthaear 7, 213 
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@ With ‘‘ Marble and limestone ”’ is included one quarry of serpentine rocks. 
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TABLE L—GENERAL STATISTICS OF THE QUARRYING INDUSTRIES OF THE UNITED STATES: 1880. 

























































































\| 
NUMBER OF MONTHS IN OPERA-| , Sy ee x . || NUMBER OF ANIMALS EM- s 
TION IN CENSUS YEAR. | NUMBER OF LABORERS EMPLOYED DURING CENSUS YEAR. He es | MEANS OF TRANSPORTATION. 
: Males Males : 
| On full | sikerheg On one- San a above 16 | below 16 rite hon Employed || Number | Number | Number | Seidl Number | Number fo earkaind, 
| time. | time ) halftime. employed. | y oe be hehe ing. in dressing. of horses.| of mules. | of oxen. wagons. of vessels.| of cars. ao aat 
13, 021 293 | 112 39, 723 38, 945 778 25, 726 9, 840 8, 059 851 1, 096 | 3, 685 265 651 5 
| 
5, 001 87 58 15, 646 15, 363 283 11, 269 2, 756 4,439 586 163 1, 571 111 363 2 
4, 166 22 16 9, 567 9, 428 139 6, 623 1, 219 2, 091 140 277 1, 023 73 72 2 
2, 832 126 38 11, 477 11, 340 137 6, 139 4, 501 1, 258 105 652 981 81 144 1 
1, 022 BRU Sees 4 3, 033 2, 814 219 1, 695 1, 364 271 20 | 4 pn As Ae Se dpe 12 Naeem tate a 
: | 
BO wage <ieis:s sap te csret 195 194 1 50 100 B bees occueee 16 | Dithecwean anes ioe <ieears an line saaca ace 
GO Oeeescksctlusaawe a. 134 134 Gos saree oats | 120! licevee eves eae 17 DAlisceseeees Oilke acct ecsalacnseoteee laeee eee eee 
341 36 2 1, 902 1, 883 19 | 1, 369 466 112 54 266 | 455 46 LO} eee oreo 
Gates coe 3 35 BE sce sescs.s 26 isces cen: 1S: ||Seeeeesecclicce. ast c. | LP eee et al a eee i ai a A 
iy ee a eee 30 SO Rom eens hha hs pantie 14 7: (Sexe. eA Peace mcet oe leans 8 | OE ie 
| | 
Ce) So AS Aes eae 146 143 3 | 84 50 6 Cr ee 13 eo Secitcenc sae clases seeks cman 
314 Cy eer Cpeee 2, 315 2, 287 28 1, 987 298 380 A ees Le eee | 177 41 GI otecsaeme. 
914 34 23 2, 091 2, 075 16 1, 819 198 824 B43 essences 160 8 AQ easter a 
579 5 lsteivio cies 1, 788 1,701 87 5 RSPAS 142 DAG: |e pewterst cal'ececie's + a'a'c} LOS) \eacse cote Cd eee Rane 
MDG eaten e 13 434 422 12 | 273 104 86 16 14 SU Ae ddis.c aco, crorall Sipiereteierotettelliacrctatatelsteun'e 
| 
160 2 1 806 791 15 | 486 140 GO) eeesteisciars|| cate aie ase 57 AN pl ape, ae PS she 
606 81 17 4,011 3, 936 75 | 1, 793 2, 058 QAM Teese ates: 218 181 29 Sbuiosseu Gece: 
153 2A Nesidiatars. © axis 701 682 19 480 211 34 12 12 37 2 5 2 
1, 055 48 13 2,951 2, 907 44 1, 795 957 371 3 166 214 14 PA cio aes aoe 
TE Bee Sot eng PRE emer 200 190 10 187 13 Dai sae annie cetals oles ects pact: 15 2 A a Sy ee 
228 12 15 1,175 1,173 2 865 253 333 4 2 LOD. fie kee eth ars|| am rw ole = earalflereret nee aye 
316 6 4 783 764 19 437 122 71 96 [zes serous OR Berea e Giles Pers 
Galecnaaee ae cleanses © 55 Gute can acon 40 15 Dohler atctetste: aain|| vis ae wala cant [leaejaieies'c arc [.cele's diel ainjets|\om @ aia Sim eel | oe ete ia sre 
325 16 4 595 BOD! fence eee 823 190 OSU ancien eles ae 84 114 3 Talaneetaeten 
Bi Perea ac cleacs aa'siac 812 812 | Seeeenace. 615 130 85 6 37 68 Bikes essislsatel seeeteeiials = 
2,186 6 3 8, 302 3, 220 82 2, 426 656 774 23 24 429 12 20) [oases bootie 
2, 083 11 5 4, 902 4, 856 46 2, 943 329 1, 853 49 60 516 29 35 2 
1, 458 CE te ee are 4, 284 4, 078 206 2, 904 1, 212 819 Blaleceemece ec 451 26 DIO MSs ee 
OOM paeminsn as <|socacte wats 962 953 9 842 418 ny Ol ere Sree 52 75 2 6 1 
aM es owe qysit|<edee sein ot 443 440 3 377 30 18 GOiwenieeeie 26 Dilcicwates seenileee kite woe 
627 LG See ae ae 2, 762 2, 694 68 1, 487 1, 230 Q8Tieccrestes s ae 131 130 38 al ee ee, ees 
144 8 6 919 908 11 554 365 44 29 NWUeSsictceeees 34 isc waaetnac|seence cae wene Bt 
MMs scien s lnlececenl> an 16 Gi] conc aetaate 1G) Galeeeeee cee uilbeeia ccs cc ouciet ecm ain dd dalata sta eae ene eta aa ciat eames Parca n ils ota 
BRP aa os o's o'| a's a’ameeiacis 154 gb Ol ory spee” 75 42 QS ic anu be sans) swesiee n'a i1 3 Peery eo See 
481 4 3 820 817 3 729 91 489 6 14 95 2 WAAC ESSe os 
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48 BUILDING STONES AND THE QUARRY INDUSTRY. 


TapLE II.—STATISTICS OF THE QUARRYING INDUSTRIES OF THE UNITED STATES, SHOWING 
NUMBER OF QUARRIES AND PRODUCTION, BY KINDS OF ROCK AND BY STATES AND 
TERRITORIES: 1880. 































































































| 
J ae 5 Number of | t207 s Product in census | Value of product 
States and Territories. quarries. Copital invested. year. | in cengud year. 
| 
7 = Pa? | ie aa 
r Dollars. Cubic feet. | Dollars. 
Total. United States. ..2<..c.0 cc cence carers ce eclce se cade ee aine na seesine Mena een Soe 1, 525 25, 414, 497 115, 380, 133 | 18, 356, 055 
MARBLE AND LIMESTONE (@) .--.--------- 22 eee eee ee eee rene eee seen ene eee cece ten ceeeee 616 10, 565, 497 65, 523, 965 | 6, 856, 681 
| . 

TlinOiss: dosc- cscs noseens sa eeeeeec te Sees wae sncce auee a Aae eee me aaa eileen een siae 38 2, 101, 200 13, 013, 139 | 1, 320, 742 
Wndianad cock = atjoe an atielocoac cleo est = Selec slate Greate eee mae meee ee min patel ete rete mt teeta teeta a at 65 539, 660 8, 102, 115 | 593, 375 
TOWacdebood ccc Mewdiien den <saepdean cube cance sbisaaa palewnle mee wien shied aa Gk Sma Asm aietel ele eee 128 552, 775 10, 772, 283 | 666, 554 
Kansas: cos-5--sccctenss bo ucsanepcessncma gen oa datteme mc Soe ade ets «moter ae eee 17 59, 700 1, 340, 346 | 131, 570 
Wen tuclks ysccc. ates oe cwrs Soee tee wieeta ral wich se een siemls sminiele ame niet alee einen tan re naeiia aris ne tsisie 19 148, 250 1, 724, 675 | 92, 216 
Maryland .........-+-6 S cnjgensevnqenan soaes ssavahossamemphGyan eb Meeetae teat esd amy e 3 142, 435 | 70, 617 | * 65,929 
Massachusetts 20m. --msc em ame meeicie = oeiniaan peemalatemine snp nien nee =aiamers sels eilsiciei-lstepiaiee 4 284, 500 | 99, 425 | 230, 495 
Michican fo) to. mai ecsaiee mae cercs <= deena Seinen eeepaisnte mts ace maar aeteee asa ere ete ae 4 61, 050 97, 800 26, 085 
Minnes0b& 22 doc keweasoode5 cdccunc case ee capeen eon ae name op eee eres Rees ene eer ae ee 33 159, 575 | 2, 816, 298 | 201, 593 
MiSSOUPI bsg: cote te ecm ance cemmee pe adee eens wenn aeetae SSE A MID SO CID NOOR Sic ORceE aes 27 242, 350 | 4, 419, 300 | 421, 211 

| | 
Nebragk = 2. ococdben ccs eden wba bad bane omen aoe ean eee eee eee eibsoseaca= cate 1 5, 000 | 330, 000 15, 000 
New Work i5. 05. ccscjete cence thos cee eas Oo ee ee OES Seen ete eee eevee 55 508, 620 | 2, 836, 025 431, 439 
Ohio: 225.4 bee ck setae tous chews vse sue aeeuut semtionaeh conde chenc seneseen ace See teemee 119 872, 102 11, 098, 583 669, 723 
Pennsylvania (@) o.oo scenes sippiene cas emamel talenia ene am wie as aie meet a ete ote aie eelate a eletete store 24 592, 160 8, 389, 722 240, 934 
TENNCASEE 2ac.ceecc 26 Sasol ew eh ee ee ae ee ee en eae oe eee a sae eens penne 13 131, 700 792, 621 192, 695 
Vermont «..2us.éshenrece tohc eas LT oo: CREEEE Oe EEE Eee eee So eee eee 18 3, 886, 000 | 1, 192, 100 1, 340, 050 
Virginia’) ol 25-2 Se a eee ato seis wine omc ee os meio eee 2 35, 000 20, 000 27, 750 
"Wisconsin: soit: Seba oe eee ree eee eee ana See Deere See tioeet eetet Cnane dent eeneercer 46 248, 420 3, 458, 916 189, 320 
SANDSTONE)... oes - + neces Ss adecumen eamsveccionetec etsy euawectens so aaniie aealen cm ashi cane cinate tere ee 502 6, 229, 600 24, 776, 930 4, 780, 391 
Colorado « oi. aca coesietees bite Me apoE nee Men Os oe eee eee eee are eee ne re See Pica Rees 3 2, 000 108, 750 9, 000 
Connectlout: 22.25 sstemn ante fetes 6e o> en ois ane eatg hie ante eae ae ae ee 6 1, 167, 500 988, 200 680, 200 
Dakotas ccoucdesap seen eeeics pet oes ee sees Re GhCene Esa eepen: Rete e Reet ss mec enet keh a ema 1 8, 500 38, 400 12, 000 
Wlinois.. .. ..2k sis sae ween ass 2285 cues heehee soae ws Bech asp danacbeteseses meee res cease eee 5 18, 800 | 308, 060 21, 830 
Indiana . 2.4: <i¢eah sateeeet at aot Haus scene et em ae a ee en 5 73, 900 | 311, 712 40, 400 

| 
LOWS. ¢ oss once cee lidcubenep ce pawac cee enits<cennenCn ts sete bee anon Se temeen nee ome eee 3 4, 000 157, 500 4, 200 
Kanaas 2c..d- otis see ceawcetels stenses cadebngates Chameids cious cabbies shes aehebes mesh See aatae 2 14, 000 66, 000 11, 000 
Massachusetts 2.2 vosnnenancedebe resccwapcessob oot ane becten Danse eee mace ree eee ee anaene 15 95, 800 © 729, 980 144, 294 
Michigan 2265003 o2a2 oki ceetmcmaee nae ieeacan oe eee nine ein cee aa ee ee ere eee eee 5 13, 650 550, 260 53, 080 
Minnesota, ...<.20.4 85-1005 cs weste ee a atic tape oceans aces anima teee wr. kataey eat ee cen eaters 5 1138, 600 324, 000 41, 150 
Miss our’ .,o i522 0% sediba:s aa ote 8 ctob bs Fes ecten Oe Pea we eeisice wee mete dee Soltceee a ean cts ee eats 5 51, 200 194, 000 81, 960 
NOW. J CPSOY <2 e2-e ceaina sense eco ses ceb seep ees eeciethiiclise ces epee dct sclaceatesnasns oop eet 20 210, 100 2, 384, 791 400, 420 
Now. Yorks. : 2eniises cco oddbddisaesamalnsmioaeneed bas oe nine tees Rae eee ae eee ee 181 510, 775 2, 980, 353 724, 556 
Ohio) ote enews twee ciesalcente dan alccetsabys's cosets Coam mE ete anee sat eaR ee atten a ae : 126 8, 294, 700 8, 574, 726 1, 871, 924 
Pennsy)] Vanias.: 49.0 coect | ie sce cule eon eee a Re ee ee ee Ok a ee EE 95 560, 825 6, 229, 110 627, 943 
Washington 5. ois sss. .sct-nsisces sosoeatetiat ses acne aaa soa ee eae cee rela hee maeer neater s 1 1, 500 14, 000 2, 000 
Weat: Virginia .22$.5.. <2. ene consis coke coe cae te tend Cates pee ne one eee ee 10 55, 350 294, 700 16, 689 
Wisconsiit 22.5 i cetacundecouceodee on manatee cntceme te see nee ee ene ee Cee 14 38,400 522, 388 37, 745 
CRYSTALLINE SILICEOUS ROCKS .........--..0c022sc0ee= Oe ete en Sac eS ot ee 313 5, 291, 250 20, 506, 568 5, 188, 998 
California's o\ccs sits ans agent sow cetacean ee ee eS eee ree te ee ee eee eee 2 100, 000 413, 000 172, 450 
COlOBRAG f.2did bc oie oS cinco Solace a ee ee eta ae oa 3 11, 500 554, 040 41, 400 
Connectioutsss. 250-500! 5 ve we cp hsc seca te eee alee eee ee ee et ee eee 32 563, 060 2, 539, 200 407, 225 
Delaware 2 sous Sane ce esc Seb c koe tee Re ee Se ee ne ee ee 3 4, 800 45, 900 12, 600 
Georgia .nawe cote ce coats eel bee ene eo tee Oe cea eee oe ee es 2 60, 000 278, 960 64, 480 
Maines inedascdclecieevancboadnets nsbucctie aioe ee eee 68 1, 625, 500 2, 203, 670 1, 175, 286 
Maryland, wid. Sets wnat ox fet swe ee Se ae He a ne eee i | 106, 000 1, 182, 500 224, 000 
Massachusetts cao. ccshoses toes ciheccce reece ees beet tee ae ae ee ee 92 1, 217, 150 4, 623, 125 1, 329, 316 
Minnesotan octet vides site at oeee wa coe net cere Oe ens ne 2 ee 3 11, 050 28, 815 13, 075 
Missouri (one cee Se tel ck bien sus cpa w Hoe Glee eB ee eee ree ten eT 2 35, 000 86, 300 110, 000 





« With ‘*Marble and limestone” is included one quarry of serpentine rocks. 
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INDUSTRIES OF THE UNITED STATES—Cont’d. 








States and Territories. Number of 





Capital invested. 


Product in census 








Value of product 





























quarries. year. in census year. 
eee] arts 

CRYSTALLINE SILICEOUS ROcKS—Continued. Dollars. Oubic feet. Dollars. 
aR NANT LTO oles a otter te alot a eae siege mine efsinlcala sialnih ae siete wo \vasivinlow mohiniele i= cin Snts'< ele niac'n = 39 128, 800 1, 920, 340 303, 066 
REN Seen fate ete se oem meee ce cnn. soma cio Uae eisiseanaijara lesan cece ts 00050 n= 2 10, 500 820, 000 99, 000 
oe VGH Ee ES ek Be res ae aioe ee SA a a 3 16, 000 42, 400 10, 000 
RIAVEU RUS ter ate ae ate alate Sa acdc se icins sett etiase ace kaa sivsivasceciees aise asin cise 15 243, 500 3, 028, 222 211, 454 
DITLRI RUIN Ge Sotheeeeemeattchea act ce cia onan cce ad poset esdnsun vestiewcecine scenes 17 476, 000 1, 352, 900 623, 000 
See eee Lee hoe gncmas clones onesie ostice sects eNee cad ssicaccgwebcces pcepenesemes 12 50, 140 187, 140 59, 675 
tetas te ae aicer as ore eo slenl, sen saat aah a seem cise saceia debts den s\aceaccu'nc 10 | 631, 250 1, 181, 556 331, 928 
PRIEST teeiwiaiaie sci oasis aie ohne eisiaicet ave actas|re me menentis slcle.ccs ese ne win t/d'nocenaceecisics ved 1 1, 000 18, 500 1, 044 

Squares. 

EEE re eS ye, a Nea cis cece a an eat ade ee asdecnt sess s ridseecTss cs ptaceacsas 94 8, 328, 150 457, 267 1, 529, 985 
GOOF EIA .-. 022-222. ecw ence ween en cence ween nee e eee e wenn cnet ecto c eee seeneneenes en ceeece 1 600 1, 000 4, 500 
Rare emer netl inate rata caraichsase cries teataciancons same scctiexinsuesitelvicsdjee« aeisisisieiei='e 6 660, 000 26, 200 &3, 800 
PRSU Ry ARTIC eee a ocr se eee ae ee aiaiae aia cigiale's ste adin ane eisai aia mabieis oom oa scimecdenca cscs 7 59, 500 12, 280 56, 700 
IROCB Dene ee een seam ae site bacco mccmc aa daaebe\\somiscocinwwacece sesce cones 2 19, 400 1, 550 7, 000 
am N EaNT SES eta tao ete ier pale lalate mre inlaletainiain als anveiaielstewisiaalcas'aincicianlaicle/picnjeisleaelas cies sae 3 11, 300 4, 683 15, 000 
ee eee eee ema ene tenisis Sader at siseae of Chowan eaalenice!s a6 cadens wie cness ow smicnige 12 45, 050 19, 850 95, 500 
REPS OR ORENTS A ER te Me ee otetrg bs asl Seal apa wie als aiclaiwiaie aicle siaisis.c e’min ssn aod aaaleia ees aialalsanisia sae 30 1, 681, 400 271, 313 863, 877 
VOLT RATE oe Coe BS One Ne ESR a Has Hoes ann ee Se 31 795, 900 108, 891 352, 608 
ODS Go obcoooc abs D G0be OREO CSRNE DES SC GEC BCH SOB Io CoDOSSDEE EE EERSUGEE OnE ere icrrc 2 55, 000 11, 500 51, 000 
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TABLE III.—EXTENT TO WHICH BUILDING STONES AND SLATES ARE QUARRIED FOR 





BUILDING STONES AND THE QUARRY INDUSTRY. 


LIMESTONE AND MARBLE. 

















APPLIANCES 










































































































































































NUMBER OF MACHINES EM- | NUMBER OF MONTHS IN OP- 
PLOYED. Value || ERATION IN CENSUS YEAR. 
Number | Capital in- Total Product in | _Value of is Pat 1 
States and Territories. | of quar- ee ated: amount of | census year. product in used ih On 
aS excavation. census year. | Porquar-| For For census |) On full | three- se 
rying. | hoisting. | dressing. year. time. quarter dine 
time. re 
Dollars. Cubic yards. | Oubic feet. Dollars. Dollars. 
The United States. - 615 10, 540, 497 50, 529, 854 65, 373, 965 6, 846, 681 190 706 497 61, 358 4, 993 87 53 
MR LUIMOIS Oe a ete stan eteeteni 38 2, 101, 200 10, 0738, 850 13, 013, 139 1, 320, 742 15 63 21 6, 705 296 4b smote 
Oo ndignhhscaeens oom eee 65 539, 660 5, 619, 495 8, 102,115 593, 375 13 90 14 1, 690 533 5: |Pceca 
3) | LOWaeencenas coe steetcc 128 552, 775 6, 491, 897 10, 772, 283 666, 554 2 108 11 6, 644 894 34 23 
4°\) KensiS. csc. weera ecient 17 59, 700 219, 390 1, 340, 346 131.5670 |lieneesee see 384 3 35 N38 | as eae 13 
5. | Kentucky’. -sewacscsse 19 148, 250 934, 460 1, 724, 675 92, 216 2 18 2 | 927 160 2 1 
6 | Maryland ............. 3 142, 435 121, 424 70, 617 65, 929 2 2 1 wivctereas: 17°|:. 222 eee 
7 | Massachusetts ........ 4 284, 500 178, 000 99, 425 230, 495 10 B Alicea eee 35 39 4 \\.Seener 
Si i Michivan see. ceecccces 4 61, 050 501, 130 97, 800 26,085 Woaen asec: ty esaceercs: 600 80\ ceca -es] gone 
9 | Minnesota <-. 2.252.225 33 159, 575 1, 305, 149 2, 816, 298 2015593 ie eeceeee 56 3 3, 522 173 3 15 
107) Missouri tse occcec cs. 27 242, 350 822,775 4, 419, 300 yb Maa | es ea rey 8 nsec esas) 2, 525 254 .6 4 
TP Nebraske cence eee 1 5, 000 200, 000 330, 000 16,000) .e seen oe os oe SE icnrhace 125 SB peoseien| Ace 
TDN Newe Yorks: o-seceabines 55 508, 620 7, 958, 628 2, 836, 025 431, 439 11 103 20 | 7, 839 484 4 1 
AD Ohio sepceret aster se 119 872, 102 7, 681, 563 11, 098, 583 669, 723 10 GB Ssca<aleeis 12, 140 1, 029 3 1 
14 | Pennsylvania (qa) ...... 23 567, 160 4, 192, 000 3, 189, 722 230, 934 16 27 a 7, 215 232 Ohieaenees 
155) Lenness6e.2..-\< dans me 13 131, 700 331, 255 792, 621 192, 695 i4 380 4 605 124. | 285 bs eee 
16 | Vermont :-.sse.-se= ee 18 3, 886, 000 2, 438, 858 1, 192, 100 1, 340, 050 83 81 404 38, 971 170 D beste tes ete 
174) Virginia. -+.0,s-essne 2 35, 000 1, 280 20, 000 20, 100 We nccerec ee aia iat 12 IES oan ate 12 2 cae 
#8) Wisconsin’ 2<. -.sce~ sa 46 248, 420 1, 464, 200 38, 458, 916 189, 520 | 12 ete 5 Seaeags 6, 730 400 Ae seer 
a The quarry of serpentine included in this group in Table II is here omitted. 
SANDSTONE. 
| | 
The United States. - 502 6, 229, 600 38, 185, 533 24, 776, 930 4, 780, 391 40 634 95 27, 571 4, 166 22 16 
| = mer = | | = 
1 | Colorad0: ce. eeatece cn, 3 2, 000 10, 000 108, 750 DO) COON SS ecrmceens 4 eines oes 200 24 rote Teele ese 
2 | Connecticut........... 6 | 1, 167, 500 4, 357, 000 988, 200 680, 200 |) 18 2S aos smcre's 4, 329 53 12) }. dese 
3 | Dakotas...........---- 1 3, 500 7, 260 38, 400 12,000 |). Sor asenoe I frcttegetie. © 324 || Ber: 3 
Aj} Tihinois=.oscssseemeneee 5 18, 800 19, 900 308, 060 21, B80 \esotee sane 5 1 100 18 ‘Ws cc% ern nal eee 
5’) Indiana pose seme eee 5 | 73, 900 107, 730 311, 712 40,400 |b .c2c% oe TT ic aametactanee 610 AG iis oe aces 
6) | Towa ..seceeteaechiesccts 3 4, 000 137, 000 157, 500 4200 lsc canencse LA emerson 215 20 [se ccscncleeneeree 
7). Kansas scceceeeteecen ce 2 14, 000 17, 000 66, 000 TL, 000) |) onc ctemcer|smscm ce co ohaseeceeee tl taeee cose 20) feesceuis ee are 
8 | Massachusetts .--..... 15 95, 800 860, 000 729, 980 144 (294) |) cotonrec. 19 1 2, 026 144 2 6 
9.) Michigan {2- csmsseeces 5 13, 650 240, 600 550, 260 53: 080 jl-cneneesce 1D Wie sere wraceee 622 43 |, asia leeeeeeee 
10 | Minnesota......-.-..-- 5 113, 600 79, 822 824, 000 15 LDON | ewsiemrota: ais OU Danas 210 BD | ead cen etree 
11)| Missourl’t20.,-ccsne 5 | 51, 200 425, 185 194, 000 81, 960 4 15 5 35 || 41 | wedncettonet ae 
12 | New Jersey -<-.--. 552: 20 210, 100 2, 384, 000 2, 384, 791 400, 420 2 Boca cae ats 1, 424 212 |. 222s eee 
13: | New Norke esos seeeee 181 | 510, 775 7, 727, 523 2, 980, 353 724, SOB Wl sean ee aes 28 Nizeewen eee 4, 229 1, 587 Veer Been 
14°| Ohio! sift senccee seen 126 | 3, 294, 700 15, 219, 763 8, 574, 726 1, 871, 924 6 885 79 6, 623 1, 054 | 8 4} 
15 | Pennsylvania ......-.. 95 | 560, 825 5, 858, 650 6, 229, 110 27, 943 | 4 73 9 5, 425 185)\\-s ee celce| Saaeeeae e 
16 | Washineton: ..22.- 52. 1 1, 500 2, 000 14, 000 2000 Wicsetaeien te Bil eeeresakras 20 12 |. 222 cee aeeteees 
17 | West Virginia ..-...... 10 | 55, 350 551, 5C0 294, 700 16, 689 3 ne eae See 696 GB. |..aeet om eee rem 
18)} Wisconsin *.--... ------ 14 | 38, 400 180, 600 522, 388 37, 745 3 Dilfice seca mea 483 8) iis 3 
CRYSTALLINE SILICEOUS ROCKS. 
| | . 
The United States..| 313 | 5, 291, 250 27, 090, 841 20, 506, 568 5, 188, 998 | 64 763 322 || 70,397 2, 832 126 38 
1} California; sssceae ces <= 2 100, 000 377, 000 413, 000 V725490 Nea wcautela cw 6 14 || 1, 000 23 | x.d2 we tehllare see 
2 WOolOrad One eee eincien aes 3 11, 500 114, 000 654, 040 41400 ocean cae e CA eee 300 36 | .<asaaemereeiens 
3 | Connecticut. sou. ses. -= 32 563,060 | 1, $32, 9-0 2, 539, 2C0 407, 225 9 90 5 9, 261 288 24 2. 
4 ||’ Delawere<-<e2.o sessen } 6 4, §00 | 2, 100 45, 900 | 12,600 Wesseco cm oe, GN wescmae con Viacecacee 30. ||. Sec ceal eee 
5 | Georpla sacs aeoeactecta 2 60, 000 5, 050, 000 278, 960 64, 480 2 2h Wwascmacaee | 515 24 |. atone Sete ee 
6 | Maine. 3. corte eccnas ce | 68 | 1, 625, 500 1, 957, 453 2, 208, 670 1, 175, 286 20 166 74 | 9, 494 556 22 17 
7 || Maryland. sesssemeries 7 106, 000 1, 460, 000 1, 182, 500 224, 000 2 PAU esse = Ge | 3, 275 67 LSM remedies 
8 | Massachusetts ....-.-- 92 | 1, 217, 150 5, 985, 105 4, 623, 125 1, 329, 315 11 242 168 26, 894 856 34 Hf 
0. Minn ste peecmtesss< set 3 11, 050 14, 821 28, 815 18; OUD Mesewem acne D'| Smatesteatats 80 20 Sars: 
10 | Missouri 2.cscccescmnes 2 35, 000 15, 500 86, 800 110, 000 2 6 1 || 490 21 |. 5.0 cee) roeeneee 
11 | New Hampshire ....-.. 39 128, 800 4, 332, 566 1, 920, 340 303, 065 bh 4, 216 325 16 4 
12 | New Jerseyiiceet ascna | 2 10, 500 34, 700 820, 000 99; 000 liceoanee ces | 1,108 20 |... \ccaheaeeenee 
13; |New: Vorkissece cee | 3 16, 000 92, §22 42, 400 10, 000 3 220 27 |. win ecm 2 
14 | Pennsylvania ........- 15 243, 500 4, 008, 000 8, 028, 222 211, 454 5 8,170 15 1° fees, Soe os 
15 | Rbode Island.......... | 17 476, 000 _ 1, 024, 224 me 352, 900 623, 000 | 6 43 22 2, 228 166 | <.. s.2 Scche aaeeete 
DGS Merton tive vena omits 12 50, 140 241, 700 187, 140 59, 675 1 17 16 215 09 ||... Sc .eul eager 
TZ) Wireinia, oc. ecees ee 10 631, 250 546, 900 1, 181, 556 331, 928 2 28 8 2, 9381 110 4 ~/ 6 
18 | Washington 1 1, 000 1, 000 18, 500 A O44 IRE eee a tai es oer gare rn get te 5 lost ecl geen 
SLATE. 
| | | : 
The United States..| 94 3, 328, 150 18, 740, 891 a 457, 267 1, 529, 985 45 184 392 32, 799 | 1, 022 58 occa aons 
A Georrig... .. sasaescaees 1 690 50, 000 1, 000 G4) 500 Wowace cies piaeiioe ce sillities nea e bea « 100 12 ens eee eel eee 
2 Maine ok eee aL 6 660, 000 440, 900 26, 200 83, 800 9 12 21 5, 250 50 be hares 
3)\) Marrland <.-sesmeen aes 7 59, 500 403, 310 12, 280 LMU | PRaaatsietet 9 18 2, 450 69 Or Roe 
4 Massachusetts ........ 2 19, 400 84, 000 1, 550 7, 000 1 AL. Wate tree warn 400 16 ot eres 
5 | New Jersey .....---.-- 3 11, 300 87, 344 4, 683 15,600) eseeeces Co are ier G4 ES an tesa Betas. 
6 | New York weceeesseene 12 45, 050 1, 198, 100 19, 850 95, S0OCHE caress as 16 32 2, 481 138 Dl Sea 
7 | Pennsylvania ......... 30 1, 681, 400 6, 383, 437 271, 313 863, 877 31 55 200 12, 960 824 SO ueuse Ree 
8 Vermont clamiceisitlaweaate 31 795, 900 4, 973, 800 108, 891 352, 608 4 85 117 8, 114 858 Bo sie meatons 
OeVircinianss se: oe eee 2 55, 000 170, 000 11, 500 BL O00 Milas nekeee ve 2 4 980 22 Pee cee 






















































































a Squares. 
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PURPOSES OF CONSTRUCTION IN THE UNITED STATES, AND THE CAPITAL, LABOR, AND 
DHVOTED THERETO. 





LIMESTONE AND MARBLE. 













































































































































































































































































NUMBER OF LABORERS EMPLOYED DURING CENSUS YEAR. a yeh Aemel a EM- MEANS OF TRANSPORTATION. AVERAGE DAY’S WAGES. 
Males Males 
ea at above fo below 16 ce Employed || Number | Number | Number a ii ThaAg Number ie ral Skilled | Unskilled 
employed. ae ee bed ing. in dressing. || of horses. | of mules. | of oxen. wagons. | vessels. of cars. toca labor. labor. 
15, 632 15, 349 283 11, 259 2, 752 4, 427 586 168 1, 566 111 363 2 $2 24 $1 34 
hr eS ae 
2, 208 2,181 27 1, 913 265 855 BS! We ce eene D664 
1, 638 1, 573 65 1, 054 132 TA Bd 2 pe eattae Wale aa cl 130| 2 
2,018 2, 002 16 1, 786 192 798 Bea cctremse = 135 3 
404 892 12 257 101 82 8 2} 1 30 4 
806 791 15 486 140 SOO Ia tem c chess iaiall intel e meres mcs 1 41 5 
153 147 6 113 30 4 OM Sackiacaaiec 1 21 6 
152 126 26 123 29 LOU ata ate ase tote 10 1,25 tf 
45 43 2 ASU Ec neewene os 80) Eooeasigeesleseaweneas Leste 8 
1, 035 1, 0383 2 768 210- 316 Bee A Reese and pects | ate ica atatwialel «ose wim aiials 2 53 1 58 9 
354 335 19 267 22 64 ON stare amet ates OU ee etets oletare all siniaikieteree aor aie cate ote'amste s 2 44 1 74 | 10 
55 Bit er eeres eels 40 15 DOO Fora dealscateis ie Bee eel weno tt eae eae sell Sea lace aailoa eter sete 275 175 | 11 
1, 291 1, 269 22 744 442 326 21 24 186 5 Dar lite uate soe 2 48 P25 12 
1, 781 1, 760 21 1, 150 98 1, 041 22 2 346 14 GO ae etapa stereiele 2 00 1 20 | 18 
642 63. 10 577 36 128 QO ee em eete Ob ecceesaes LST) [esis wells wes 1 70 118 | 14 
443 440 3 377 30 18 BOM sac ste cere 26 DA eer cee clhoe a ate eae lao a 1 76 1 05 | 15 
1, 896 1, 862 34 915 948 LOB excess 113 53 38 idl Bets wtatatp ars <5 1 93 115 | 16 
51 Lee caren ca cios 45 GW sc ataalelmeelllorettececimailis a n'edalcinicehatatas eateette oleate cate |lcteial snare ele all ste meyer niece ee == 2 50 105 | 17 
660 657 3 599 61 427 6 12 88 2 Bulent eis 2 16 1 45 | 18 
SANDSTONE. 

9, 567 9, 428 139 6, 623 1, 219 2, 089 140 277 | 1, 023 73 72 2 $2 35 $1 46 
89 DO shoes shee aes als iS Ou aierareres asst aae Dia Vek nfarese = cts) tales sje a! dellsiwinialsle cla e ais < 3 50 |. 217 1 
984 791 172 43 41 160 | 282 DOs lia tate, wtaratiete'l eyeinlaiorerm craters 1 98 1 29 2 
85 PGF ciewisiate aioe son Sa eeteecyteteaialiae winneharaae Od erctserarcetelers)||sepetciere eats) sin aatelarsicts pias 2 00 1 50 3 
107 74 33 25 ES ers esccsasntets Grbterepsrets austell csreecie Saree elt ici ist arm pie 2 08 gale 4 
150 67 10 ALG Nee cisrarsietliserersintcsiataail GT SRE AR rdceih Rose Seneca sperms 3 00 1 50 5 
73 33 6 26 ON errete tel relece a [\Seatecres aes a al ea laterta stave athe ahentel tated me tata are 1 50 1 42 6 
30 16 3 4 8 12 | BAe ttoeicle a ainel||schetsiaetata eit araetd piels'a bus hin 1°62 113 7 
332 271 61 HO lleteeseea ee 8 By Bees or allem tacoma Se ceericeicocs 2 05 1 50 8 
155 142 nie} DG itr a sca din We sialaure sree fe Olle ers cuers 2 Dlewaba sts macas 2 12 1 31 9 
| 74 59 15 grave ssi. sims | aetrarnaia os | His atreth eres amie tt amie amicceeNiawa ale & steetot a 2 50 1 60 | 10 
169 90 15 4 TO blidetedee Gre | BN ester cose ol aldainy ataldievere: | etete) acs ata aren 2 19 pa ie ip br} 
582 389 126 79 6 37 | 65 Gears atatenre| ic Seale pieteiee 2 30 1 40 | 12 
1, 830 1, 540 176 426 Was oe aaa a lnats stale ele 235 VEER BS ee Bose ss aree 1 54 lent 1a 
3,121 1, 793 231 812 27 58 170 15 31 2 2 15 1 45 | 14 
1, 560 1, 082 280 423 Ul Sess Aa ae as 164 16 LD Eee eee st 218 1-42 | 15 
12 6 GM derma tere wie ecclie Bites a tareteaareat ete Arats eile ciatetata eos) ia lcretentareie ml oll ae ariel eim mimiebal| (ers laa (atlases aren. 8 4 25 L foul 16. 
154 75 42 WBiuhitamace eho mam shea ell alt 3 PAU SPs Pets Be 2 71 140.) 17 
160 130 30 (dal em Eee 2 | Ned eesstevets csese SOM ca reaiecra aoe 2 62 1 52: | 18 

CRYSTALLINE SILICEOUS ROCKS. 

11, 477 11, 340 137 6, 1389 4, 501 1, 258 105 652 981 81 144 1 $2 07 $1 36 

een ad | == = = | eee = = 
195 194 1 50 100 Be Seer ee a 16 3 3 37 Pe AA | 
95 Ob lbers,s ove case OD viincwa ences WS tice orate See ierenan, atela Sere 1 1% 2 66 2 00 2 
918 889 19 578 294 69 13 106 | 173 2 40 aha 89 3 
80 BUM ettariane ae evitetsmaidere = mie e-e 14 7 | eenence cae] nnserenas| 2 2 00 1 25 4 
136 133 3 fit) 47 3 | Bao etweainees | 10 2 50 95 5 
8, 800 8, 733 67 1, 712 1,975 |] D0Gu\ cme cew oo 218 | 167 1 81 1 25 6 
422 412 10 293 129 28 2 12 |) 28 2 58 1 28 7 
2, 445 2, 429 16 1, 383 863 || 806 3 148 175 2 06 1 49 8 
66 CO eacce cueass 3 28} SD ieteesyete's eae! 4 2 53 1°62 9 
260 QU. le ays ae feta oeteiaks 80 85! 3 Gi Serqesietatecrsll 6 2 68 odie GLO: 
595 595 323 190 | 204: | 84 114 3 PF Vawaastactelss 215 Pe 3D eEL 
- | 1 50 1 50 | 12 
3 00 1 58 | 13 
1 82 21) 14 
1 78 1 24 | 15 
215 119 | 16 
2 22 97 | 17 
O25 Sacacn ee cea 18 

$1 75 $1 17 
1:75 1 00 1 
1 75 1 27 2 
1 65 Lah 3 
2 00 1 50 4 
LS 24 5 
LST 1 25 6 
1 70 114 7 
1 59 1 23,108 
2 00 80 9 
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Nore.—It will be noted that the ntimbers of quarries represented in this table do not in all cases agree with those given in the tables Behe 
‘to the fact that the data for this table were not obtained for all quarries from which statistics of business were received; and, on the other hand, it 


BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE LV.—TABLES INDICATING THE AMOUNT AND KINDS 


This is due 
was judged 


advisable, for various reasons, to introduce certain quarries here, although their product during the census year did not reach a valuation of $1,000. 


MAINE—CRYSTALLINE SILICEOUS Rocks. 





Oo COND UWP 


10 


66 
67 


24 miles south of Mount Desert...|....do -........-. 
Hash Diaenil ees cee ee asa cee Hancock: .. 52-22 
ee a ea aw hha Seis ae aid ae eine see LO Shes caercante 
StS donee ate a WOO Mita Ack Seam ele tes do ssi au taase 
Deen ksle\ ceatem oe cet wite nee bees cee BQO) Ses aise ee mie 
Ae HOS otue cine clam attoseaecmeee eats been! each setaom's e 
Meer Isley2oteak aseesees tees ses Hancock.....-..- 
Green's Landing! 2.352225 s2e<.neee l= LGO xeistap- tanta 
PCAIOTOTD os ce ce con nts tele aglos aaa Wealdocst.-seane 
Prospects. cee ctos< ca tmews cence es te PAO) ces ayeaaee 
Swanvillotssicttececeeeseceeen se cole edlO': 235 bees 
Taincoln villoyese sce sesmease esate Waldo ssa cice 
3 miles north by west of Vinal | Knox........-... 
Haven. 
Vinal Haven: ttc. useo arate seein r ees LO" ei ahartia eros 
app LOW aioe, 2a fester aielaal male ne othe wists 500 bier enee 
0 Ldap coe saneipe eu ser cbaecaee | Olean recuatecc 
‘Vinal Haven: -ccescectcesccess cee KNOX eeatte tee e 
Tinrricaneislande.e. cease see eet. Ow omettee sek 
Pin dslaned Joes eae osisee epee ne seems 2500) fea teaches 
South Thomaston: 22--22-.'...--2-5|" AreMO betas eee 
Pe OO ase eae ee cates aa aan Mee ited pee Ole cients tafe 
Ahh ChomaslOnes as oa eedeces ait } RagOR Sate ake 
G0 Dated cesalene seekoesaee as |----do ........... 
By CH), Bi ba AL tern wipe cohen ee ciate Se ee AUD Bite eaiuiets Wate 
4 miles east of Saint George --.--- pee Oe ee eette ee 
34 miles southeast of Saint George.|.--.do .------.--. 
SamitiGeoree ssavecis ter sres ean aan WOKS OK ces tere ete 
ee0lO che Jadicn Sonne ee ali aa seae ee aie L400 seewaee oles 
MIO DOEG cs oitaantadcecctte's oe eitels | dainecolnymuccecn: 
TOHROTROW . own dlisecen nee ccese los ALO ye tomate ae 
Ronnd (Pond. 245. .0ceensns snares ee CPP ee eee eee 
24 miles east of Augusta....-...- Kennebec ..-.-- 
2 miles west of Augusta .......-..]---- GO paem cicseets 
pA MP OUSTS ioe od aon als Mea er leyet mine ats le Oath Nat 
MS AO Gi NP dna Rape tces maces eRe ee oe MOT eae elaiee A 
24 miles west of Hallowell........|.-. (ste eh eee 
"Wily nit A ae hoc ba ee eee SE | Kennebec ...-... 
24 miles south of S. Norridgewock | Somerset ...---- 
3 miles south of Norridgewock - --|. -- {1,3 chem ales as 
3 miles northwest of Canaan ....-|--. OS ee haste 
3 miles north of Canaan..-........ ees CR BeGe sansa 
IN OVE RV, acitats tee acanieee ws sherte eaters Franklin . ..... 
C0 ats See ps caine ok eee a aeeice We ee CG parade 
PMO Feb jo sere cate atoms Meene Seles (LO 5s hava sein’ 9 xiore 
4 miles northeast of Chesterville..|..-. ie pes Saye ek 
Bryant's Ponds. i. 4eecmsteniert Oxfotdiedn+caccx 
$4 miles south of Turner.......-.-. | Andrsscoggin . 
24 miles south of Brunswick ......) Cumberland .-.-. 
| 24 miles south of Pownal.......... | Meh On gan cee eee 
| 84 miles south of Pownal.......-.. | Cho. Fah eensath 
| SSACCLGSOTU foes oe an bce eee mene, Morley. Vow aeees 
Biddetordijes doa snicn.t see wy selva ech OLN jose aiewems 
BaD ere tol eens tore ee cee eens ae m vO pee apes, lea 
SON So age etn See te eV do Ups eewape 
iTenn shun portxetmco= 42 eae jee 1.0) Wk Piacente 
7 miles northwest of Kennebunk- |...-.do ........... 
port. 
8 miles north of Kennebunkport..| York .......---- 
9 miles north of Kennebunkport..|....do .....--.-.. 
68 | 4milessoutheastof South Berwick.|... do ...-..-.--- 
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| 





Location of quarry. 





2 miles south of Mount Desert.-..|.--- 











nature. 


County. 


Red BesOb. sececenee wee wasauereme Washington .... 
2 miles east of Jonesboro’...-...--|.-- Golse=s oes 
4 miles southwest of Indian River.|..-.do ........-.. 
6 miles southeastof Addison Point.|... do ........... 
Wrest Sullivantc.-sc.actene wctecmecs Hancock urecas 
West Sullivan: soscc- veces cactus Hancock... ...- 
LP MO cativn aoe raeu mae dames chee te el OO ees Uaweatae 
Bran klincl Uses sees seen: eatameeliee sO vie BBE os 


.| C. H. Barrell 





Name of the corporation, company, or 
individual. 





SPECIFIC VARIETY OF STONE. 





Scientific name. 





Popular name. 

Maine Red Granite Company .....--.----- Gianitenscereseeeee 
Bodwell Granite Company ..-...--...-...-. PALO ratio eke eects y 
H. B. Nash (Diamond Granite Quarry) ....!|....do -........-..... 
Pleasant River Black Granite Company...!|....do .........-.---. 
Je Sele gS DEEL PS OIL erry erate tania) Cea eaten 220 So Lise mae cine 
Crabtree & Hatvey Jo oit- 3.452 seus poses as N Granito ss naeee see 
doseph HAW estsesseseecetncan ess se setcee Eee hoes fet ast 9 by 4 
Blaisdell Brothers...06 ce se 4 uni tewie as se toaule Pe O goncmmar amma 
Wilnibin ode cc On oer ean tamian ease Sarat eee 

CUP ELOLLED iera tea melnc ce mmala eel wmeniem 


G. W. Collins & Co 
Chase & Hall 
Paul Thurlow & Co 
Owens & McGee 


Goss & Goss 


Day & Otis 
| J.P. Glidden 


|) A, A. Young 


| J. L. Dutton 
| Wall & Packard 


| Sam. L. Fowler 
Nathaniel Hall ....... 
A. W. Woodman 
| Maine Central Railroa 
Emerson & Bryant 
| J. H. Plummer 


Grand Trunk Railway 





A. P. Woodside 
Charles !1. Hudson 
| Thomas 8S. Reed 
J. M. Andrews 


C. H. Bragdon 
| C,H. & A. Goodwin 


Leavitt & Downes 
Albert L. Goodwin 





Collins Granite Company 


Long Cove Granite Company 


| Brown, McAllister & Co 


| Kennebec Granite Company 


PrancisiDayereeacen as 





Hallowell Granite Company............--- | RC he eee nore 
|e Chorio tu dy a tosiaw oe se aedee tek eae | Syenite ese sane 
| Lawton Brothers j.cecemeseqsereaae =e Greniiegessss seer 
| Joseph Laylor. ve... 54. bateousasssseeereen HY=e00 Yai eicaue speed 








tee eee ee eee ee ewe eee 


Biotite granite 


Bret) 
Diabase 
Olivine diabase 
Biotite granite 





eee eee wee ee cee eee oe 





James  C..A. Bayard ob ncscesnedes. tomes UO Are tocetnn sete ri Fi re 
Mount Waldo Granite Works.......-..-.-. pale: CO! S Vawiecesvetisime ol) locdle siccesres 6e wa ob de ee 
Hdiward Avery. nest ecc cus ccasswcncsmeumes »eSsOO cis dweuvs ceaeclnd aly sive aca mie oct eee tee een 
Oak Hill Granite Company..............-- hae SIO -shaeeks exact ae Biotite granite. .2.-22ee. eae eee ee 
Beach Grove Granite Company........---- Granites a. secatenes Muscovite-biotite granite..........--. 
Jobn'S. Hopkins: <2 <..0!a een d oe canedm emilee a dO cciveen aes: Biotite granite, 2.2. .4.. seems aes 
JS) Blagk:. 253.6 Sone cr eteata ee trepremene ee ate Herat lO Rus oatae erence 20: ~ 004 3%. ene See eee ee 
| Bodwell Granite Company ..-....-------. A .s00%: Jaaaoakweoweeats +2: AO occas s.e5 tee Ses nee eee 
eLMELO souk on owes eae aera aiaeiatsanis ate aie mae BAO dk ccines aeioett ae sO). vee do's saute teae ea eee 
| Bodwell Granite Company ..-.....-------- i CALANICG wa accceese bes Biotite granite (light); olivine dia- 
; | base (dark). 
Davis Tilson tanec nst seen ass pemeee emcee th ieee Os cc Seana teem eenare Biotite granite... .tesccoves oe eee 
Dix Island Granite Company ...--.-........ 1A caweenps dade calioce CO) ..c02s05 i 2.werkeeesee eee 
Ward & Woodward i... <seaseeninceeen ian ce BAO Siem, tas eee ee eee dO dccce. os steeple eee 
Bodwell Granite Company ....-.........-. sagtlO Soi ose se eee ete wo lO) ss aky ate cade ee ote eres eee 
Mirrick SAWYer . <2 «2. -oweanqpemvencsnay | Granites weseucw=s Biotite granite. :5 2. eccseem ease 
MAL, J emerson 65) Q0u. (5.26 se se cei en yaar | Le Oi see eee ree 0, GO Di. 2s eb ap een e ee 
Nathansten ton ca. ons snceteee neues nee mae LLG Suge 2 ewetha sat «GO Aden Ss ce Sister beta testa 
Atlantic Granite Company .....-.......-.- ek (LOPE che ata cee git etl ene CO wiih.0ne. co tacnense sea Ree ee 
Clark’s Island Granite Company......-.-- OD jot oe vce Saeko c wenGlO Seceda «atten dees veneer 
1] 
. {| 
Wild Cat Granite Company .-............-. UN Giranite: ose eve ene ee blotite Qranite.<+.22s.ee5 2-2 eee 


Hornblende-biotite granite (dark); 
biotite granite (light). 
Biotite granite 


Muscovite-biotite gneiss 
Biotite granite 





466200 ca eye a eccc aed ey oun ee eee eee 


Muscovite-biotite granite 





d Company |e nO’ < ve vin css cule a> saan eR enee eee 
Kigald en epee serneiaes se LO wee ccees cas bao cn ete eee 
pales sletistes meld ee neicia Biotite granite... ---j-smeeue= sees 
sljceme scikooke ener a $10) wontevenewcnees|ves AO. Secnasiicens tc cete eee een 
rire Wiasd pine le Selesine tt ots Granite. .:..5......+| Bictite gneiss..5..5. 2. cesses 
Paper sepa foto oo 14-00) ceceess-ce+--5e) D10tLS PTONIte si. 4..0n— aes ee ees 
asttd neal eee leeire Rae WO cress esas et Oo. ce acuis ce bed. ca cele see eee ene 
Bebe debby ecueeee ss Joh GO Fienccumd tos cae. 5:0 San cele's CSU een anes ele aia a 
fe aol Oe he ad a a eee Beads (Reeeene tamer hinne SEer( (Sree rem enremenege norma osc. Sac 
| 
Jel varia ae eens eee |) Granite..1....3/..-.| Blotite granite, ...~.-- esse 
kaesipn aa sceenetse os Heals 3 LO elaine cn ewan esate el cic AO /ewicn's.~ aloes sala Sie eee 
Se ab ececbat Rae nnee sis BAGO ie aa seis an telctielec |e as UO ae as naw daeebae audi aerne eee 
tne eye apare alesis Seikig Stages Heim HLO: (ain Lisa di dig po mtl oie,e VOLO! c te td arovarm mee eter ale eae Ree 
eso pce ele ne wean als MPAs dad slas es sre bei lam 450 /o peed anise we Seas ce eee eee 
el aga Voeeale aaah eels Granite .<..5 2.2. ....|) BlOtUtG BIUNLtG. euaesnenine oe ae eens 
BOE AAs PAS IE: mint dO cose sasicdideaawcl- oO. Sscwaaeangeco es bony ated ecneaueene 
ie mt eta nicl are le Sa ChO! chan ceimiets cymamtawells </eCLO. ee ite, aa pae tw eM e om ocen ee ratee 




















Nore.—Thanks are due Mr. J. P. Iddings, of the United States Geological Survey, for aid in determining certain of the crystalline siliceous rocks of doubtful 














STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


MAINE—CRYSTALLINE SiticEous Rocks. 




















STRUCTURE. 
Color. af ¥ 
. . Jointing, bedding, or natu- 
Texture. Stratification. Tal etietaan: 
Poateelssene. Cr nse! cers Massiveictecsesauseneascee Vertical, transverse, and 
horizontal. 
: og edO isso ceoseunsesrocecaa ty AO Sinisa sade conan es Vertical and horizontal. - . 
ee eee naia's selec me peme net Mey me AE pr Ree oon denne Vertical and transverse - 
sad d00 wicsnnanossccoubaraces| ear G0) mote lateeacuatntes aes SEO gas ee renee ceek ees 
ee OO es ses eee heats crc “Indistinctly laminated ...| Horizontal and vertical . 
COSTHO) aeyasleceere senetaes Massivet..tt 5) etd l eas Inclined sheets ....-...... 
A Clea aise etnia eine eal RACG ot dactinnmsae wasted oe Treg ilarieety ae snes 
fat lt 3 eres a ee SROQ fe eee tccacete eae Vertical, transverse, and 
; horizontal. 

Light pinkish gray ...-..- BARE) Se rpenieces ode peers) Be BEA Speaecenecosaros~ is Horizorttal sheets ....-.... 

MPs cca s sean] COATSO/ oo. sere in nine coins oei-| 55 me COicsevocsacmepneeagcaes Inclined sheets........--.- 
Light pinkish gray ..-.-.. FIM ....-- -ae0e--22--2---- Massive ianeaaeee saree oe Tre gilercessecccssseteeecs 
HAG HE CLAN pg ecicwe casa cis. Coarse ..-....-------------|. 2c a ee aR pe oeone ent Se, Inclined sheets.-...-...... 
_...d0 SHY cicsp ade nioa Uae onc MOEA OLB Reaper ble be mame es == Bede eases ame cae. 

Bate, ao MUG) Se Ee Soh eoeeagae “Tndistinetiy laminated. - bo @ Semen at oeeta pete sae 

: PERC, Ss A RS ICOM esate cases e mee sar is EPO Ol. Reeee seat ee chic nics vines 
i WOAlRe rasa awe ces 5 aa Indistinctly laminated....| Inclined sheets............ 
J hb Saati hes. Benes ea eee BAGG tial ee cee eee ealiaat ri Rb Yan sy Cee bE snl iaigeny Se 
G Coarse, porphyritic ....-.-. iMaadive: i: Sue een SO eee eens eee 
i RO ONa places auineciehiee eels Horizontal sheets 
; ‘Indistinetly laminated.-..:| Horizontal and parallel, 
| vertical. 
White, or very light gray..|| Fine ..-..-...-----...----. Massivels saccatasepessk Vertical and horizontal. .-. 

PUG OER waka ae baja == Coarse .-.+.-.-----.--.2--- Indistinctly laminated..-..; Horizontal sheets .....--.. 
ORs PER cee Nace wae cican TNE se ne eG Saar oneoogeoace B20 O oss ce cena vas Seeaece's OO Usa nubanes otis ntj ae 

i ai me SRC SORBED ep aae Course racer en tans saes 227. | Bes WeetGgeon tab ascaboness Ver tical, transverse, and 

horizontal. 

Sai) aS een an =O) Gc h3et A heraspaanenee ot dO Me asnte anes aes ele LOE Len Oscin's fcin's aleieiaie'ase 
Light gray and black ..... STO ee eee teials'a)=' sis Indistinctly laminated.--..| Horizontal sheets. ......--- 
13 604 5 es || Coarse, porphyritic ....-... i Pl ean SAE ei se rds Nee) Ae TVr6g mare sek eases seeee 
Gh, Ca Be Be eee Ghee Yas" paee Leap ge eto eee Oc bitrsleta aie eke Seana : a6 REMOTE SAA ie oS se aches 

Acti) AOE kee, Ah eae ae ee leds NIN ocean sec eocs Oe ee eee he LOO. Ch cot ated bcit eo mista 

RES A sccccesdéeaa ss. WUEISOleceneien ete csi5 == 2 LO) Jiao Peyoeasiasen neue ewes Hor tappial shests ..-.-..-. 
Ps SMR eh ert) COBTBO). cicauela vines === 1 Indistinetly laminated. ...| Horizontal sheets .......-. 

Ae cc estae Mien = bwnie PRUE Gioia namic aretateisia'=is s'c'ain's SAO) share snc2 dsc es aes Imes nolan ¥eG ite. Uc las, 

sett) = ee eee SD SACP) SSeS ae [Eee AG). Sete So een BET Va pe A) tps eta, a Oe eee 
one ee eee Fine, porphyritic -...- BE: eae eer etree 1544 CD: Mee eee Pee ere. a 
MOVE STAN Ie wiatis sedans oss ff BUINGN SS Seiwivispaisiotis sla nieisae sao 2 (EAR ep aeptek ao tomerie Horizontal and parallel, 

vertical. 
aE OTAY <eca~ sce a a1 0 HRA Bas a Se es Indistinetly laminated. --. faassen hy and parallel, 
vertical. 
Dark gray and black.....-. LoNSw a CW See Oe, ieee a ae COR eee ta knee aaepemerts Vertical, transverse, and 
| horizontal. 
Ete stern act dino sie del Meee O NA Reet eater eras aetna aii S00 eee ae see cee ae Horizontal sheets..-....... 
LR DEID TAG ace nae0---- set jisctaihey Asch basses senee eee \ Laminated 0. s7 betes Ure STAM Ek pastes see newts 
WOHERS OTH: —ceccess.Seszaed WesEOY .oa4 Sgenrn A G5 Suen Indistinctly laminated. -.. i 








“White, or very light gray../|.--. 





Meso 





.do 


‘Indistinetly laminated....|.... 











do. 
Devonian .. 


Archean 


.do 


do 


Period. 


GEOLOGICAL AGE OF FORMATION. 


Spotted, black, and white..|) Coarse ........-......----- IMASBIVO, 2: joc skids dnaleeee Trpeeularics. sees ee Arch#an ......... 

(Us IE 215 ape eee Re | 6 tc ee re Be OOVe <eats a ae oe eee smear Horizontal sheets.......... SR Om Raecsn aes es 

MELO eee sicictctmcfa,s 0 haat - Se OG Mace cemec desc ct ae Jac Indistinctly laminated....| Horizontal and parallel, ||....do ..-..-.-...-. 
vertical. 

Olesen wescet ess couvnas- Hy CORTSOL wasn woseintiows smsi's £o OO vee ae ta seees eaters Horizontal sheets ......--- WeELCOl es Sasc Caaae 
REO ee saison ne teams +,- Hee) eco ee em aot ce wow coechos 5's Oe ptt anes see nec eee OG Seaeieeen Lee anc 2 BS AOle we natsiale nates 
IPN U PEAY occ scs o-cvenacae PHAN Gl aecae-s 2 < Bees fe Aca he dln WMASSIVOr sate te eticinaerree Horizontal sheets ..-...--. Archean ...2. sae: 

ey Be gee JE aC CU Ue eke ae re Ey ae Leal eit aac etme eee Ota eake eke) Seite scab. J06.s RAR ee Sas 
oo eae Nee s0O ts a ects sciatica ea sts OO! ce cinsisc sence cinemas nl Oe Veemacacee cece seme Bn ees See eee ee 
OO Meetec py ecce~ acta seat 6 | PEC oman oaers ecemam ee saaic indistinctly laminated...) Horizontal and parallel jis. dorsaasense case 
vertical. 
HBERA PURY ceca sec c- se- || Tureralars: ogee. sate. nese 
MOBI OT AVE onic a0 on s Sa Solan Horizontal and vertical. ... 
Light gray... Seat -| Horizontal sheets.......... Sekai 
GTA tes as vse Suie wore cine e sin COps cates subsea staat ees 
PO) sind ateainise em nipict cpemeta lls SCO cet gaan ce eecice sb os 
Li RNG RYAN. Co. 5- scam asc Irre OTURT Lec esate ncn sinm 
IGT AN SC cose canece sciatica st Trregulatye2 3-2 ceeateee es 
fC Se RE = err UO era ee eaten Pe On scent ie oie Waaeimatat Horizontal sheets-......... pial 
JD NS SBP Ome oe mee a See Cr Co A ss MA Ea ats OO ea ya. = wine ala et aoe eeeene Irrepular...-...-. pee aeeats Pao MLO) ree meres eeterolate 
“Light STAY os cst aie eases SEP OO Mec spe sash swaeink oc fe Eee OO Ge cretla cata Loe Horizontal sheets.......-..||. DelO atone’ eta? 

BV senses sn acleeem malls CeO) Seep aren eaetsniecconwetes AG). sos. 55 sn ohesssanoame drrepular cs25cs5os25.cepee. SEIGD sem Weis cites tic 
LOY ee Sens cn ce acme s.4 oe COpTeO Mines cumaataece= teins pleceive SOTO SPA Pe Trropulartaccesseacseseness ASONIGAN |. Kaen <> 
Bere setacene dp ee saceuews||s sas OO aca natuesemasqoaee> als Biba ano acess: Be eae OD axed sae nadg re nee ns Br ODay aicisteen anim 

Peet UOiecnt scr cae voces tenes BING si scct acne anise Boece indietinely lamingGednass tiem. UO)iscenctoactsan ames ses a SARLO Me Briaa ree acme 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 





































































































MAINE—S.LaATE. 
SPECIFIC VARIETY OF STONE. 
f th ati a 
Location of quarry. County. Name of the ‘Nudividmal. company, or 
Popular name. Scientific name. 
Valero wlville nec sccceeste a ueceaes Piscataquis ..... Adanrs a. Merrill, ste ace cou scee wade sereee SlA6 coo ce tee edule os ai lic.ce Sess od acca ees see ee ae 
2 | 2 miles northwest of Brownville ..|..-.do ..-.-.-.---- Piscataquis Central Slate Company -..---- $2 MO seidaleol sclb swinedille weisiciecls's se 25S qaieh ee See eee 
[| SVG SO eo eee ne er eee ne a UO esse hess ee Monson Pond Slate Company ..-.--...--.-.. =O sie Sod ate etise ms | emcee decades ln aces che ne eee 
AL Wado Greet hee sus Cees eee ee meine ct ele Pa Oneesetweniceek Dirigo Slate Company Seb UaInee Reigeca nee He GO Wneed anucecaabd| Seeded d.cme cals boas ven eee ea 
Biles ote Rue seen ue ok ere neater SIA Ce Cie ees tbo Hebron Pond Slate Company.scsse-sccecee 5210 cele ners « Shalem sete tenes oales oo eleiee oaiceee Soe nr 
6 | 3 miles north of Blanchard..-....-. Piscataquis ..-.. Blanchard Slate Mining Company......--- Slate. sos ccs ccencse| ace tions cota anise aus,¢ «dane ee 
MASSACHUSETTS—CRYSTALLINE SILICEOUS ROCKS 
1 Stephen PsA ndrewes soy) ecto mstsunaweblens Pyenibe dsc s-a-ceses Hornblende-biotite granite.......----- 
Dis Cape Ann Granite Company ...-....--..--- Nita AO Wermacrsiety BL heen Hornblende granite). 2-0-2. ee speemeeme 
3 Trumble Granite’ Conmipany 2-5-2 -cces-5.- 2) MOO Antec tees e an) aes GO .s0oice selene eS oie eee eee nee 
4 Solomon rumble a2 se weieacs ee one eee ope SRCGOUY osarantalee sh ee ners CLO ss 2)hi: daa aie i ree ea 
5 John, Buti ses 5 fac a ewe e ee we cares tee OO lesen open eas i6do hogseee eee 
6 | Barker Brothers ear pu sect e ae seit eer : SY ONMEwersee erases parse ts granite 5... -saadeeserone 
Ti. Mernom brothersyco ot ts gine ewe teeter Pewee Oo cede de csemdiaee |. 45.00: occ tut iaie tele e eee eee ee 
8 | Rockport Granito Company .-..---.--..--- NO. uae be ae ctdrece y Hor nbilende: biotite granite.......--..- 
9 ir Pigeon Hill Granite soupy. clneinainelew pin oe | (LON eye stn iatnctalie aly : asses neanee sa Seeo eae eee 
10 pe Ri Ovdars oeeen st. aoe see oto laea eeeer | Granite..co. sou icaaen Hornblends ‘granite sudbee sacaaeae eames 
11 | JER ROR Sappeccescad Woo tadoosoosese TSS 6 yee eerye a= eT SI Wilson) Scare mists mclaren wir ott meta tervee ee | AT ATITEG Ae elo eect 2 Hornblende granite.--.1...-.6.-.:---- 
12) Peabody). oss 25-50 tess samo cancels Be 10) f chee eee ae Samuel Prowl -esass.casece steps acces meal a Aoi wesedet[eectO Ll. bccke's (face ee aeons 
13)\M5. sO Sem Cele ot hoe eee dee mee eee WOU eelenese Putnam & Linneham: .....225.<.2e.cece es EMU O Miah s anceete alison do)... b2cdssc 452 Seu eee ee eee 
14 Ne die sadede samen: sotece emantee nen i Re O eee aes Scott Brothersmiecd-tosasoe soc nene eee low sti Mattos vee ee a0 a's else eisie cae ee eee ee 
TOTS lO eceeete eee sitter eee ee eee en WaTOO mcincsieat ers HAs Newhall ieccccasens pecisse rsmeseaaee EO 26M calc 200 v.45 2. o cael ee ee eee 
16: (dpenfisld.:.acdee yey te eaattee maae EBS6Xi pesos Thomas R: Newhall’)... 2. s.22s.f see ce ese | Syenite2rs22 etewce. Hornblende granite............-.----- 
TT: ec 3.0) don cines sameinn stots memos Selle 1D) Seis nos ao Pd New hall 222... seen eee Reece eee oes GYUNITOs Sone a ee ee GO» 22 4 .ca.skmegen eee eee 
18\f West Andover 2n.cee horses eee sae gOlsesese sa nee J Maddox. 2 siiiese chactehoce dec wens seuenes | Bastard granite. .--. Muscovite gneiss :-22..2ss0.eeeseemeee 
19 |) LLawrente <2 scsaschep eae tranetcees ee LG |e ne cet oe Jesse Moulton oe. wiecescesewm sae a warpetstants SELALO eiltelcintg powder nel ieees 7 (eer es eR A es. 
20 | Lowell ae ee epee shee e aren. Middlesex ...... Dre Ward otis ace sacisit ep wneemaws mers au Gipltie kaa doseliee. Biotite gneiss (granitoid) .........---- 
21 WeMedford jaccecccseecee eee ees Middlesex .....-. | Town-of Medford ox 22. .\aewicnienem sea sepa Dighase. a. s.ccees ene Diabase (micaceous) 7.22 522.22ce eens 
De No. OG a tere teene lem ater Mea eee nee e000) pase nes sey 1 Nicholas Whiteis.c oencsateeanee eee eee Saas Ke ee tery een [seh OO .2bdscetews dacen ee ease eee 
23 | Aghia | Uh Uke eek cae LOE OSS eee aes Hudson, WaUolemaes.n.ccs ccmncuslseenemr eee Granite - 26052. 22 3as|ece eben woes ane ene ee 
o4 \ Hramin Gh dmcn Aer cageenie sees Onesie eect Ds Go ClOV SG te varomcins Come cttel ne nannies patel Porphyryiecs-sssemne Biotite granite /..2).22.-0 ce) aeeeee ar 
25° | Wieshiord ocirvoee hei a oamratna ened) oes AO ssneae ek ace | Andrew Wether: oot ean penn ae teenies Granite.die a deee ae Muscovite gneiss (granitoid) .....---. 
26: |) Wiestlord cota. ute cadenae ara cect Middlesex .-...-. \ Prescott, ce Sono. cane: pease =o eeeeaee eet Granite i22.eoeeseos Muscovite gneiss (granitoid) .....---. 
OT eet sO a eur a eee eee teen re eae Time GO Buea sates | (David Resa esc sc cmaee em sa eeeeaeeee Pe OOns cen cileate aa nae eee (i (ee oe ee 
28 OO cones dime ae eeitel > plea ntine os iO, Re esate acne | Swett S& Snuthss.5.20. serene setae ce sese ee weil, Adaeeeseeem sees Biotite-muscovite gneiss (granitoid) 
QO RRO! sc memes ers em oe toe ree a ee MO Giseree ere | (SOL SpPatMainow, oon bck sles eee tan See HA CL) "La carn acter esate cee GO .sced35 se58 saeco eee eee 
BO\eR TCO ee rea belomisine Cee t een tere e st (Of Wepre. eres Pt | Benjamin Palmer & Sons...-...-...--..--- se rOO! 2 0e ae eee Muscovite gneiss (granitoid) ....----. 
| 
31) Westford Eazn pee cowscclece nner ace Middlesex ...... William Reed. jase deee ere sec ete staat ane ne Granite... Joe eee Muscovite gneiss (granitoid) .... .... 
Bo tots. C0! see cec au ects cme komeheenenimewalies ALG: epee ipctamee | Samuel Pletcher: eet nace te eemewecee cad i ome Petes ® Sees woe AO acne a fe bee wind lee i eee ee 
33 AVP scuseceemssien eee ces sah ea nee iO) Aveo nawetee Dek Ot: 0s PL NRE ie ore 2c ea tt eee Metal nic ae le £2 eGOU ale eee eee GO... abso ise edeeee peer ee eee 
34.) Fitchburg a... otensae=seleee tate “Worcester ...... GaN EE he a Na Eos - do ......... | Muscovite-biotite granite -7<t -meensee's 
35 |. S500) 2 Pome se sce cee aecae nce masse Veto See eons Fred. Halewee see 2 o25) bias. clacwieselegeeins MAG (te oe Weel Biotite granite: .. 2+ /.52- esses eeeee 
i} 
86) Sueominaterce.e. cect: sc eeeee nwa Worcester ......| S. L. Kittredge Biotite granite. . 2... (5.gccee anlar 
37 C LINCOM ese cer eee ete eee A ALO, ea seater e cea TGP VAT Om eS ipm ek ante cts aaa bed tas Seem ee eel legals SOLO cee states ster Mal atoms (i Xo POR ee SE 
38 | 2 miles northeast of Worcester....|....do........... } eS AVGDD Rese: ula dee tae eee ee Biotite-muscovite granite ....-....---. 
39 ) 14 miles northeast of Worcester ..|..-.do.--.-...--. YD COONVOIRO ch ogan casicaete sais cee on aaer oe Muscovite granite:....-...-2.2.02-ses0 
40 | 14 miles north of Milford ......... dOnt caeecna cs! ichard. Carroll oo. 2.02 eke bode mscce Se Ull ag 6 yAO rerio wecete ioe | hoe eiictaiee ik cetera sc terete 
41, Northbridge. .c-4)) sce. <seeaer acest) WV OLCOSUDL aacian | Diamond Hill Granite Company.........-. | Gneissoid granite. ..| Biotite gneiss ....-......-sassseeese=ne 
4% ¢ (OO rece ties State ee ee ccna ACD eae Oh eee Samuel Fowler, jr Jaa oe Ha iibeee ie LEM eee LO sia Apsehdente Lice 222 lO: «2 seis one Sel seane ene 
43 WO ec ete ead eee en oe [ciel ee Secnohoe Georee Mi Blanchard? se oseeces. eee eee BPE Goyer eat tele ol Pel (s Rr perra rs Se 
44 \ Chay One ss od cares eee aero att tees olen At eure. Mae Lamson!éeiWoodbury 2.00. otceesacte see: BedO Rie scant oeeas Muscovite gneiss ..- 2522) seee nuns 
45 CCIE Ire a eRe! Jar AG GE ete OO Hcg cece NS ton Gide UMSCOm) Sx that aaa ase ees Ile 1O ieeieee te eebien te 62:0 Jae dasa sete lee eee 
46:1 Qorthifl elie. aes eect rapclinie soe | Bassett 2 DiyOns Sess toanseess eecs soos Gneissoid granite...) Biotite gneiss........-..52..-<s.ceeses 
47) || DeerHeld ter em en en isee sees are ey: LeolO Wscbe ses oe ) W eatcott SAGs 1.20 dec sete ee semen as Mica-schist ......... Biotite schist ..--....5:teaeucseaeeeeees 
BON evra ON ere eicrelater nt ie a ear meats 200 Feet seee J GasNoakes <a skotces teavesteeten amen eee PMO Meeeeee sete se sale 9€0 vie scses Sent ee 
49 Pittsnela PHEBEPE eR oan atec “Berkshire .. ....| nL, omiphrey isp. eessce ssa se ae ee ‘Limestone .......--. Limestone .........40 scene 
BOPMBOGKGUs .ccn a aseuaime cep ester Maren Cope tn aa MetClellancsiGcodwinsssss2--eoer en geeeee Guise eee seat Muscovite-biotite gneiss .......-.-.--. 
DLs DOCK Sb idcimes aeenine sieerieeintaem restr ee Berkshire cson- | Chester Granite Company (York & Bald- || Granite and gneiss..| Muscovite-biotite gneiss....-.-.------ 
| win). 
DIMA MLONSOW saves cis caemeicine neater eae Hampden (2... i Wise MiyntiGGo oo. 2 solemn scares eee WGmelssi soy sens coke Biotite (dark) muscovite (light) gueiss 
(granitoid). 
DSi Drip HON a. mares aitle ot alee eeteenla ee DPUmOlO ae arene SW) BIO wil, jht2: 26d acc: tomo eee ee eee Blue-stone .......-: “| Melaphyre.....23 seer essen ee ene 
54 WAS 12a Poni sa ieee (endear eaten 0: See es SOO: See REE Bee He ie re ia a LG Uae ee hed GO s.5'.cagitadee@be sso aeia eee 
565 || Dedbaut suscahihacvansteaeeened ‘Norfolk. ......-. “ME. Balled. 4.0354 in can sae ee | Porphy PVteene reais ‘Epidote Branite .-..0 aos ee nee ee 
DON Dedban peewee acer area eenee ae Norfolkice esas John Welansyi.e a2 «oc cssleeee pee eee ee i Poranyry Pes ewease Epidote granite: .. 5-2-0 .eeeeeee eee 
By Oi litstel) ko Bape eeemrnseieseer sacar ase ed ALO amrente Lae ae John Moyle (22 s:1 eae ay cece eas ences Granite: 45 5eacs saat ew eaves Soe Skee eee oe ee 
DS MUI OY eases cose sae ote ae SACO seem eres James (Marks 225 he- (0s Sos ee eesti 
BO Mech et a tee ae pametaae meaner a LO telats set once John O'Neal 
GO EEE NOS erat etapa eae Ne eatoee stags CLALO Sa esis eile Kennedy & Mahan 
Gl iKQuaincy oP ncn eee cepa nee ae Norfolk. 7.20.24; Churchill:s bitch cock-.sce.seeeeeeeeemeus Dark blue syenite ..| Hornblende granite 242 Cae YE beret 
GD tee 0 Wie elete we amma ee nce stele erate 35.00\, teen eset D< OU dese se an tae wei tbapemeeeiese eee Blue syenite ....-.-.].... GO) secsce Se gacee ceumet tae Seen meme 
68. 230 Nearer es cre nep ates pecse Bat eee ers Tee Be Raxar 7. 3onc 5. ce cama eeceees cae Pink syenite........|.... C1) 22 an ebae sean eaie sec ee nate amet 
Goal LAU Ee omastens cin snnanntecine sce ees ee stlO pane ease mers Barker/& 00S .0 25 notte cee cevocan ates Pink*and blue sye- 222200 a ccee ante mcemin seen eee eee 
nite. 
650) sem COM eran ee ees sever r nce saiteremelanae (10 aeaewew eats McDonnell & Bros............ Seieanaaca ee Blue syenite ........!.... (Oe See Reo Dawe esa nan aeiele ceereee 
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STATISTICS OF BUILDING STONES. 55) 
OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
MAINE—S.aTE. 
2 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. # 
ES 
Color. Ag 
p - Jointing, bedding, or natu- . ts & 
Texture. Stratification. cot platessa Period. Epoch é 
Feet a seta ches Lmaeass Rhomboidal .............. 1 
BE ena soa see watteeathy hectangular...2.2..5.0022{... 2 
Rectangular and irregular. 3 
-| Rhomboidal Bice 4 
Meee te Sa tain dares Notes cone | 5 
B eetaes oven ante so emer MIO CDAE secseris cmc ie ana 6 
MASSACHUSETTS—CryYsTALLINE SILICEOUS Rocks 
Dark gra Irregular, broken i 
Light an Few joints =<.-.---s- 2 
LOM i enivceic co <\> waswelges «pCO ein ceweyetaniede ee aap s 3 
Spo oo eee ae BERNE wren cys SCOR 4 
Dark gray Trrepulareecqsaessee cca 5 
Dark gra Hew jomtsse-5 -.os.sc= 6 
oa 0 ee aaa sic sen 34 “ 3 Trrertlartcesescesese aes Pea 7 
se a Reena cece sew oes = ModiuMucen es semeeee= eee e aoe (UG) pane S AEBS Se ene Horizontal and vertical. - -. QO rete tented alee sean needs salar <.- | 1830] 8 
ME so nurse yeaa cine nC ae em eee fetter eine EL Ofelia aint a cla alas esnicig =, c)m.- | wink COCO RIE dering Secale gee eae OO seigenesaciad|enaciec wscsesom<c6 1870 | 9 
Darke greenish gray...... [L@OBTSO)ewaurice orm ee ~- si= > sed 200) sohsecpebedeenese sane Horizontal, inclined, and ||....do ....----.--+-|--esee-eeseeeseeee 1850 | 10 
vertical. 
Dark greenish gray...-..- OUST RO an ane semaine near MSE BLY 0 feteclateiela «ain (cmm eles Horizontal, inclined, and 
vertical. 
Pinkishieray 2222. ssn osc dit) seep eB aces ape asec ~ AUD) SS egos neenEgSnoretBe AUrracularie peepee ss scs- 5: : 
SICH EA Volts oleins ees e acces feo OO 3S sbernsesSs5 55555555 _ Ale! Sos imescencsecpoar. Horizontal and irregular, 





Pinkish gray . ha ee 
ENP EE TAY recaisis'e/de's so 2's 


EIB OT NY: oats seca <<a - =: 
Pinkish gray ....-- .-.-.--- 
pent gray 


BOATREO TAs cic plc cai anes. 
Pinkis 
Gi 


TORR IOT Ac cicic.c aoa = see oes 


Rusty brown ............. 


Red .....-.-.-.<--.-- 0.050. 


RA Oona toda e ed anes 6 tees 








PAV paee nine fo cee | 


























(COALRO es: vesecsee ene te IMASALV Ola ace stecsacit se eseie 
POOP sconces tee oaae GOpsieencs oes ay ee eee 
“Coarse, porphyritic......-. Mipniluated.cc./Jsecacu ees 
COP cease etna = tastes BEL Ons cabins Seen oto ls ese as 
BET Gir oieiaeate emate eae es Beret | PeUO wh name nessuasciatemeee 
Coarse ssc. acess oe ciecis IM@SAIVG\ac2 d-+ n= -osences 
Me OOaias aueidate clleaiimncsciesi< eer eis catecteaicnte aa 
Be OO MSaic dapecicwes omnia ners ERO ta telcos cs cise ne oe a ets 
Coarse, porphyiitic....... BEAD afninie anitaneec tenet ee 
Fine, porphyritic ......... Paminsted ¢.s:.+.-cs.0c 
pie. 
‘Fine, porphyritic 
Fine. 
Fine 
Fine, porphyritic 
ine 
Loser dd 
fasoohO 
WHING seas nae va acids cae es Indistinctly laminated. .-. 
pet OO miei eeainctwe aden ans IMSGASIV.G cance cecseeeweeetic 








NING asia waists seman Sain Sere sc ae Indistinetly laminated. ... 
ee OO aetinae sateen cova moe Laminated: -..=.5-.-+-s<6: 
ee OO teces Nee sresita eres eclane COM ak tiacmetan see memee 

ORTSG.ot cdc cue tah: Base tae So dO Seearsoee cae ee eae 

ING tee be wtasei= seleccomsiae ce SO Oh te os een icn ev iastermmaree 

HUNGR ao cinee eco se tela nse ab GAM INatedc= csacenleweeeee 
PE SILO ain So tinciens en csaee sel's BAA TOR Beemer ioe cnt 

PRU totes stance aetedss on Indistinctly laminated... 

CCT 22 ae ae eee oe ane is. dO, Soa, aa aoa come 

Fine, porphyritic ...-..... “Massive ..........-- Fasten 

Fine, porphyritic ......... MASsiVG.asqcenacanaeewoet 

OLOMUB Orne caste Siac b's ioe aa are ce AO Paco meta occtetonts sees anos 

ee OO eee ac mee ciate niet |e wc OO) cucasuek cosas aone ss 
Nene Onetae get onee aces cts Se Oss ~s8 tse es wares oe 

Bree (OMe otis en sala cic ow, be hy COs eesiteinaecusdiaememaies 

COBTEOG fo ccsweausiccs ts. $i MasSIVG:sscncnccsaemaness. 
rail Ourseencagdemucsab’s- soc tod Otsascraciee aeucieesee 
yea Oi Sa metentaaateewaca ss << oo: 0: cotcwncwannionaee re cies 
SOR EC Sek ae eee ea Cee Ree Gace 
Seely ene ciau k@aaaeceee wes ee's OO, ccsccaneeccavissnsesss 








vertical. 


PiMOWec ean iscaciokcekers«s 





ew JOmts 5 secsecec ne nics 


Urropularycacg oseict cs a'= aisisCl 


Horizontal, vertical, and 
transverse. 


Horizontal and vertical... .||. 
iregnlare- ne eeeecscesa=- : 


S ‘io 
Irregular, DLOKEN! = ses sa 55 he 


Hor izontal, vertical, and 
transverse. 


PLETOMULAT HS mpeisiets saicie\ess ian 


Few joints .........- d 

Tirracuiaren esse seew ces one 

Parallel, vertical, and in- 
clined. 





POO wrt aean ns Hast oe Saces 
Horizontal, inclined, and 
vertical. 

Inchned, vertical, and 
transverse. 


‘Vertical, transverse, and 
inclined. 
Irregular, broken ......-... 


Horizontal and vertical... 


Horizontal sheets 


Lower Silurian 
220.00 
Archean 


Upper Silurian ---. 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 


MASSACHUSETTS—CRrYSTALLINE SILICEOUS Rocks—Continued. 











Location of quarry. 





Name of the co 
in 


oration, company, or 


County. ividual. 
































































































SPECIFIC VARIETY OF STONE. 


Popular name. Scientific name. 





































He GONG Ve ces eesti ates ae crete Blue syenite 
BP Tr ARE Emote Bhs. ieee hse ree || Blue granite 
Hi DAKONceanapeparstes sereeees sa scereeeeaite eae one cteer useage] seat 
-| Lewis Dill aan acasaaacane 
Wild & Field ba Cheer tuto) ore 
Heotor Murry. oo. o-ctcess deteanacecese eee Gray granite........ 
McKinza & Patterson ............scccceees Blue granite.. ...-..|.... 
Ay Farnum oe couse seb aap semnics Waris gece BYCIHILG fecenal soee=c|enme 
William’ Moorescz.. sevcces access acrecce ett ama AkO creme aaaaca nme eee 
PRIMES, GAIT eee ase ap ele eee alesas seers ail “Blue syenite .....-..|.... 
GC; Hard wi¢ke C0 \ eee otnemntaeeace mein Blue veyenite siseeeree 
Hrederiok) SyNields.2s20e5 ema cbees eee scala eit) Sete Ss sees le 
Wiendellie Covcccseneccessece esse aceees’ Grants SECA Cncouetl eee 
William Tranior <2ceisnetese~ sos aes ane hoes Blue syenite ........].... 
Charles’ Johnson’. sasccctes sc spbacaca-c@ecahve SEO laren cna setae ericte 
81: Quindy -kec esses ese see ee eerie ee H. Roberts 6:.COs- oc naccgem atseecaspecne cae Blue syenite .......-. 
82 jp West QOmincy <2. .viec enn eees es oo se Blodck i \Sonsic2.5- ceccavteceesees suck ces DS VOMICG scceceeanvmns 
83 it AMES WELTY saa eal 2s awe Nene cavene vee b ecole SO 
84 W alter Berryceusieacae ste saetlO 
85 F. J. Fuller & Co --do 
86 OPT ROPOLS 6c C0 sue case tee senenceeecoees SyeNite)|s 2. sce~ wnance 
87 Granite Railroad Company.......-.------- Peto sec cane d-seu cs hoaee 
88 .do . SA ae REO Cessoll pearet b tosteodde Charles 'Wils0n io s-c so ctey -em'tann warn desats Pie eves tesa cat eee Hornblende granite. .-....------------ 
90"! Randolph. ..3-weswssu de oaceare Labsee ORs ok ene I S28) Corlisgiao2 soit sch apatteeasint's sonstieane or Granite ............. Biotite granite /-.-2-2cs<2.3-ee eee 
90) |) Brocktonsocsse tees cs hiawde coments Plymouth .....- W. DeGleveland= sts cs cse teeeecmes =a SOG Get on tees ce te aocne G0 js oc Seec seeps saeueaeeeeee Peneeee 
Ol Wall Rivertisccs.cose ss e- eee IBYIStOl hua cteieas William Beabtyier a. boonecsecmeeeeceece cee Granite <-o-essser = Biotite. granite... ...<feesssnaneee ear 
92) Ieee (LO Seq cripne SaaamoascortC cnn Wiece Tse S oS ac Nathaniel Thurston. ..........25--scsecces Baee ON Seecrr Se Ace tenet obe CO ai Son's 0 sone cteane= sie ee eee 
93 | Freetown soo.scsecs eeeqnscssces| ceo. G0) e cose mate Fall River Granite Company ........--..--. siccQlO et ucinnale sive mesiieees GOs. ce sedewnsnce sas cnmbacnee Seerneee 
| 
MASSACHUSETTS—MARBLE AND LIMESTONE. 
1} Pittsfield) eo... Seca edanstcsecee sees Berkshire....... Koa, SLUM POLGY tes ce oecet er eeesycaeteoe Gronite.-so--eence Magnesian limestone ............-.--. 
2 || Lee sence tie encase nscesca cee se eeceal spare Cs Voyage Meera aA ae Se Grose): gece caseeeeemeree see ea ae tee oe Marblees-senaesnes Dolomite .co22¢ (2s2eceisenee eke eee een 
B Vc fOrd bo ee see ere eee oe hase dOvzcudenceeee FLorate So Pitch: s cccesctecas eeoespewet ese alle ae Ci Ree ape Limestone’. . 2.2255 2e eee eee 
4) Shethield saetc cece seteecee teste actin. GO asatecaeres Briggs Compatiy soewaccse= concer een epee ines G0) nase ceesareeen Magnesian limestone ....--..-...-.--- 
MASSACHUSETTS—SanpstTongE. 
LW Liowellcc Sectbesdecans ancawesticcms Middlesex ...... WS Livinestonek 26, ccusks ceecneuseeees Mortar stone. « ci.060.2)c cee cae ncts docc.cuelgceedaleee aaa Eee 
2 QO le steces Cae das Suse been bee hee ore d6 tne neee eee City of Lowell i..2.-s.5--s-acsacadpedes nae LOO occotarenahioncs| sc emcateacausas ds ccna aaeee ee meee 
3 WN Gwtone suse hs defen emenee eee es kd Oxaie- soaaees Patrick Grace tice = 22-64-56 eae eee “Pudding SLONO 5 < osc] oc nc seeesnc cdc acldenae ass eae eee re 
4| Brightone..s2athesseec ees neater es Sultolks Se sseee ide \WiCLO DE pat ben een ne saws tebe ne en Seeeeeae fete GO naec cute n see three dae eeiee Cee ieete ea seep eee eee 
5 | Boston-Highlands 2.222 os.c...c~6-}o5 GO eases } Oweni Maymn.2t2.c<7eaqcebcescettesceenens woe OO 2 .cicts savocsaslsccebeisace sed ae a3 is sence ae sane 
6 | Boston Highlands ...-.-....--.-.. | Suffolk ........- Michael) eons no. snp te sok hae cnee eed Pudding stone ..2 2...) sipnesaiene-cssweleccenn possess saa eee emma 
7 pee jemeces seein eeeneeecenee se. Norfolk D.. MeCarty s cocn qccsavinc sat sccugeebeeeme 
8 PGON west cecttstescas seep eeecac .do iene ho Aram fates ecko Roce tema a omen 
9 | Deerfield ‘Franklin James Smith........--- 
101, 22300 Sea oda ss Boe eee, ..do Blake Brotliers 
11 | Northampton)... 05.25. 52t- S55 -. Hampshire ..... John: Delanéyeees 3 sacncsyanenas esses ed 
12) HOV ORG. ope eeeces see eee ene seee Hampden ....... LL. P; Bosworth sin '.s 2 sceaccceckn shee ona wes stpQO oo acccesreapecs|sacemn seaubis ose suis seks ee 5 pte eee 
13: | West Springfield 2225022 cbs2. 52.1. SEA pee aa CurtisuD Stoddard soo 2-202 sues ae eee A COR Ree eeiac Pent corocr ame sere magee cutscene 
14°) Mongmeadow <.-ctcr vet c soe cede e |e GO ten viata ak oes §.d. Billings:.& Col: ts. Seance awades cence ae ceOO cv ecnacncuesacel, one srisetved stem cbs tnsle= ewes ee ean 
De eet Conse nhs Serer Sees Se eo ee eeesG0)scpeeep aeue | Norcross: Bros. & Taylor.............-.--- seas QO 2 -hdacaceecnns |onsle aeretuieals oe sebewee dea soe os 
MASSACHUSETTS—SLATE. 

1} Cambrid 20s-cen -mameseste eee eer Middlesex ....-. City‘of Cambridge <if.c--¢s-cees-aeeees enc | Slate... sos LSPS odccese dscns ee conghee teehee aoe 
2) | Phancaster © ones -crcseaesh cesses Worcester ...... Lancaster Slate Company .........-------- | b PaO siere dope me esianl oie oesineste ep tei chin ed Oe oe aoe ene ass 
RHODE ISLAND—CRYSTALLINE SILICEOUs Rocks 

| | 

Lif) PaRCOag leon etecasteneene eee caaan Providence ..... | Garvey Brothers: ..-2-0es<-s<(e-b seers ----|| Gneissoid granite. ..| Biotite gneiss.....--...------------- of 

2 | Woonsocket seuteceseccenseeneceua|s Bes (uly oe eee Fairmount Farm Company...--.-.--------- Mica-schist.......-. Biotite schist.....-....5 6295.4 see eeeee 

3°| Diamondiill = te ceneeecreasescess <6GO Je pee cnt ---| Diamond Hill Granite Company ...... .-.. Gneissoid granite...| Hornblende gneiss..-......----------. 

4 | Smithfield (4 miles east of) ......- pavOl se eneeeseee Smithfield Granite Company .-...-..---.--- Granite 2-0. -s- =~ Biotite granite... 2542 -4- sneer eee 

5) | Cranston $225 feaes ose eee teaeceers ote batGO men oeene Richard Wenner. score. ese eee senate oe Mica:schist......... Mica-schist beade seen teste ee amen 

6 | West Greenwich! <.s,.ceausecnens Kenthieesspeene FLOLACG V AUP RN) 2c. cance sscceaes ae saseas Granite. occas. see == Biotite granite. .2.22--..----eeesene eee 

4 i eoeN GO Soca ke cep ee ete pen eels Sf 00% Sterers. JOsepl Tarboxss 2.4505 cs cence Socmeeee eee eae 10, cee gece an ews dO eat bel cee eee ere eee 

8 OO areieeim at one se eens eee OO Sacen carats JONES RBYie-nccs ce tricewasedtnevsedebieasaihe 3 GOs scnere cass uemel: fecOO caciees hee eneas Senses eae eee 

D.| Newport. ncveeenee ieee eects “Newport........ J Bs UROBY ete S Al a acauhl aad anneante bok FG Lach reitoeee? su @O.c ececdcaeeslee stencee eee 
10 | 2 miles east of Westerly .......... Washington ....| Charles P. Chance eae nssananctesasases SECO ses encms #0 @O.25c,chiceeacstes oes pean 
11 | 2 miles east of Westerly .......... Washington ....| New England Granite Works .......-..-.- Granite. -s22-.---0-- Biotite granite. ...-..--------2-+escees 
UP Bed Cee Serra) sgcio Ss JoGeoboEed do Smith Granite Company -.............----+ ean kdO epesecees csnbaslseey GO. gac.as owes cansensenaesn-s= senses 
1B] os OO on ar ae ese eee a arenas CUO TS RE ee Oe Aan Shee Se ee eee ae BEG Sesame sce awteeclsece Olan deve Lasceniece st eee eens ere 
8S ee AON enter ne See ecient ea aes “Charles P. Chapman...... ....-----0-0--+-l|- Est (heed ree en eee ess Rie ies ae ee coerrre yee 
5 7 | SOO Reto erecta ein oe tee wien eal John. Ra Macomber ives sb. concer cee eee O ee nee eel ee ri Cee hele ec eae oe See: panne 
16|42 miles east of Westerly, --.. =. 24--|-22c00secdecacen sd Reale Mean gi seay wath s oar eee eee eee seen eran Gels seater 
U7 || Niantlo.. -.,.0c lea: sibessdenesicadelacdsdo crcdeascc: 1] AG? Genin de Core ence. ae aie ang ame eee earn 








STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


MASSACHUSETTS—CRYSTALLINE SILICEOUS Rocks—Continued. 
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RHODE ISLAND—CRYSTALLINE SILICEOUS ROCKs. 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE LV.—TABLES INDICATING THE AMOUNT AND KINDS 


NEW HAMPSHIRE—CRYSTALLINE SILICEOUS ROCKS. 


































































































































SPECIFIC VARIETY OF STONE. 
Name of the corporation, company, or 
Location of quarry. County. individual. 
Popular name. Scientific name. 
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B72 as AO. eten oapae = (ie scheisiawenm Seren femientlO Peers eencter JObN Bs WISHSL ie sewemacicc cs cease aw encicnle Ie rt sO Nicolai wn walter ate Muscovite-biotite granite......--.--.. 
38 (iy:,.0233 Se celeee eee mental oars Ose aanaene Albert: Hayden’ vss. i. ac capeccsseeeteaae | Granitic gneiss ..-... Muscovite-biotite gneiss ...........--- 
29. Marlborough! t2becasee sepeeci sme alae MOO eae Se eiaiare ‘Albert:Gyi Manne 0 ne eeeouns ee eeeees | Granite. {26536 2sse= Muscovite-biotite granite...........-. 
VERMONT—CRYSTALLINE SILICEOUS ROCKs. 
l ; 
€¢)) Brons wae Keep eaeene eae ese ee IBRGrCocmoan er eees | Saint Johnsbury Granite Company. .-..--.|| GTANI CA cse set avsease | Biotite granite -.....-<-.s2.sccckuaene 
Pai bea Ronen PW Mesa 6 Sot seca Gade acer ) Onleame soccer 3 DAE tnrmer do hon. cece one eeeaeee re ene SOO aioe ck eee aes dO. - 22.0.5 bese a ccag ae ee 
3 | Rye gate MES Eee nee cereus £ SonOSO lene | Caledonia....... la he He Canter @-jecsemasaecoweteerdas somes mee [pend Bierce nas as Biotite-muscovite granite 5 ..52.--esase 
A ho sdovgd on aa Sane aren alate sedom seat are OR OUE AT atl hee ctere Se eto dere tere ee ce bee OO cc cere healt owt QO none ceweece <beee 
5 | 24 miles northeast of Woodbury .-; Washington ....| C. W. Cilley ...----. 20.002: .ewscccrccccesas aL LO Se aete Seneca Biotite granite:...<... cc s-deceee eee 
6 | Woodbury 222. de.cesrseorasencanes Washington ....| J. Ainsworth & Son ....-----2..0sc-.0+es- Granite. tee ccssensy Biotite granite ..:-....--+«s«qeeeeeemee 
v AR RRA (Nie een artes sere mes Gr ae edOee asec nets Vioodry és (DOWN foe eee stant <ctagecaisince soe ae sc AOusacwencsaeee pant eee GO: -h wwesiee nd aw aicigeam ee anata een 
87|) Barge 24 <..c0 se teponeees co seetas ae ae MPOO) sectenoumes Bi LeGmith se wsccteecce sae enema ee ees LovdO ichierwece meme a's, AO Saidx occas ia dle oe oa ee 
J) GSE ih) SAeeebeeedat- Sop Saadea Sta. Sentity geaen| Cro VY NEON s se oomeci encase ieee aceerile Sgr O ee wa caacemee enle =< Os. nancies cals s sie cise nee ees 
10 100) coset 2 c= aaa eename marae eo teiee i oe Wetmore dé Morse 252-5 oct eon costumes «as0O Seetcaee tamaeee 2 (CO aig 5 wea wales swam ae ee eee 
£16), Betheliiccectientae cect aceastemceee Windsor ae.-enes Edwin Kittred 6 .2552/s-ckeesscsceeceemesil| GLAIIULG cere cee sees Muscovite biotite (dark); muscovite 
granite (light). 
W290) 2e eo. sans ate edelete cee seener Ts BGO Csi sienia ons HaSturtevant o> Cote cccsneresecreaecae seals GO asa tcns meen nn ee Muscovite granite <. 2. ociecs ate 
VERMONT—MarBLeE AND LIMESTONE. 
1 -Swanton 2c. sls. scseseesaeencene Franklin........ Gide Ro. Barney). oc.ce22 so sceeeree se seese Lyonnaise marble...| Magnesian limestone . a coe s nen eee 
2 Wisle. La Mottes.s 2s. seeaepe reser Grand Isle...... Ira & Pi Bal. Seconds oscecstateees see arbleand limestone|....d0 ........---.«sstes sseneebeneeane 
3 WO ler see esac ae acaren See Ree ESI sa Saab Ab or: Estate of Peter Wleury <<. '/scaioa-cince- be «lf osetia wee smpe eens Be -G0 sje w ss coe selnene eee 
Bee toe LON. Manis rae neat ea ade) sete ae Rats luve eaesa te Goodsell’ @Hursh 37.2252 6 ces sone meee se ‘Limestone and mar Yo d0 nev cks os sce clce see ee 
ble. 
Dn tavee QO anne <aeaseciecioe seco eer eee BAM Oye arsserian 35 HHO) Wisk\ & Son! Zcaviececeee cae eee te pealO Sane aeaatenn cael Fat Q) cnecin's noche cuiask Gai ey een 
Gil Pittstord cc jess eesceeaes eee eee Rutland ........ Wal W'. OMG eo COP es ie tae soe ecto ee een Marble ceases cts <6 Magnesian limestone ......---------+- 
Hla Ublan Sees siete senate nee eA O 2 eee aes Flint Brothers '& Coss... 2... ancsbeeseene MagOnmeee sepasentoe Magnesian limestone and calcareous 
dolomite. - 
Bi aes lodec senna se ontee ceacecesee salewae Hl) oSerdoscesoe Sutherland Falls Marble Company...-..-.-||- See Olpme cease ae aiech Limestone ...< 255-22 2s22<se so seeneeee 
ONE eae O) se nnimnlerde ean sates See eae! see Go eevesee <r Columbian Marble Company .....-.......- Bi Of ewaeaisisipinemin <\n wd.O Rocco) sidiewcile 14 aan ier See ele eee 
10 West Rett eury dl eee cterctes wtatnutnieatn sa ret (RAR ie eres Rutland Marble Company............-.---||. mend Ole netapieemnia ster ele ais CLO < simceinie'wattin ele ete ate a eteca meters eects 
gL er OW a chiens ake ctaeten te agte see tee ee Rutland ....... Gilson \& Woodtin= jon. cscs ee sean ceeeee Marble\ccsee<svcen ee Limestone .¢ 0.2... ccneaseshesaeeeneeee 
12 Neem pc acAnacos sear aa cecahe loc G0)eoseanceuns Sheldons é&' Slasonse,-ce- ee cehee ae eee e eels Se OM Se etutares Seas ais aisiOO aa cansmobins toemeseeescotass amam 
De SO ee erate cele ete ote a aetele ae er 0) 2everercaks Sherman é& Gleason ,.2.-.:/cs-- ceceecncas|l|'s SecO0tecenen scenes snlc sacdO'S thasies epoatdedars cdamauuee ances 
14 South Wallingfordirccrcssesnesses| cles dO: pecesee nar Milliame Wi Kellys 3. ccceense cueeeaean ceele see @Olrrecueu saree mare ce dousicseecpeeomonad acasaaeeee 
$5.4 Dore. same cae cccs + aleesesees Bennington ..... SH Pringe cC ofsc.-t se asnueeeeene rte meee GO shucsestecsswacltaat GO see ccce cet Soe teneane ses aeeeaia 








STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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‘ a 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. =| 
es 
Color. FI a 
ant ahr ‘ i 
. A A Jointing, bedding, or natu- A HS 
Texture. Stratification. ral mnfane: Period Epoch g 
~ 
) IMSSSIVG: 6-28 cs oreosinseses Horizontal sheets .......-. ATOh@an AW 14. s02|-nancercheweense nes 1870 | 1 
Medium . Obscurely stratified. .....- oe ieen Andeviertiioalaccnlten-2d Ot eecsaa cone nalcoumecwak cace eee 1865 | 2 
Indistinctly laminated J: - 3225 .dOsess-cccte se seas ense- sah Ocawsnian screen ven ceew tise sinwane fom 1844 | 3 
Masnive yo ataaieeesceseoue Horisonital BHeeER =.= = 52 SEU AO aise gn os ce dain |\wistels = cls bss iulnip ctoletsie nis 1870 | 4 
Ad Aaves acces cetsonteaed Spier GG ie (ee eer ee er BOO wines eccaemselaete cuscoe caeeeanee 1870} 5 
IMGESIVG co acaancons sean si Inclined sheets.-........... PATCDPAN SG: dsieasi|| sane dale ncaiee stieaee 1846 | 6 
afer LOL aisininiataisielsinieialateista are eiece Horizontal and vertical. . (OO). cecicnnicadsne| setureeacdceseedeeed 1851}; 7 
SOs meee na dats cotcouds GO 53 eee cots oe Bp salle enOO Ll eecrec sinc ence fee cess coauescherer ae 1866 | 8 
Ie LO gadis ctsieis eretaers eekly ao ‘Trregular Fey) oxalate SECO SAAS See Sear payee yey 1870 | 9 
BELO sais ctvtare mais siete Smee Horizontal and vertical....||....d0 ......-..0+0-|sesssccessccscecess 1866 | 10 
WMASSIVO Ties ccdiecceesscceec Horizontal and vertical. <..}) Arohwan 5/5. <.:|secicscissecsnccsceses 1865 | 11 
Indistinetly laminated: .<)..c.G0!.22 +. 2-sesenceseena SLO BOP EE Side MeCE Ree rccn oparerrese 1875 | 12 
IMLASRLVOViG oes yrace mee eer Sea eS Serer GF UO iene ci etenis sicllewiaicion’s'o cte'sisiais ceo el wr 1879 | 13 
Indistinctly laminated. ... ‘Horizontal sheets ......... POO mee mee aneaisscheaads Sccem user sass sac '| 1874 | 14 
EMERBSIY. Op feine late carsreciamtaleie i]s worizontal and Vorticals..||\- sek Oba te anes tess |a(c< nice vewckiee scar cell LOGt.} Lo 
Horizontal sheets ......--. | ATOUDAN Y= — aecaeainescies \<iaaasencslcsael| LOGa AG 
Horizontal/and\verticalc-0 ee dO or craaeh toeciicasdenceasace= cetene || 1876 | 17 
Inclined sheets.....--:...- 250 FONE) 6 Sec Smcdaoctal | och oo ASB OOO REISE e || 1871 | 18 
‘Indistinctly laminated. <4 5. 2000. 226 ol Aieicce cat isrmielajere eto CO Marana Besataalttaeticaaaitataats aa patatlae || 1850 | 19 
MAmnnated sescsccnce ccc eeae OO renh Se epeae Oa cine aeeales SCOR cme satiaees lemeee eee nee ace ass || 1850 | 20 
Indistinctly laminated ...| Irregular.................. ATG Paneer =k as5se|lccnsescvassacdescsus 1877 | 21 
ELOO ene ce dean ces we eaies Olnmets sista cae oe etree Vestas ine aiaane vac nisiea' [lacie vee nia aicdh sa atemcals 1871 | 22 
Oe restates semeietnetatt ‘Vertical and transverse ...||.---0 ...----------|222 eeeene---- eee. 1871 | 23 
PMigasive cic coke eh dar ees ROO Senne ten anata: BOAO iey tensa an sac llasiewaniswan Senemertaas 1874 | 24 
Indistinctly laminated . .-.. “Irregular Bo Ase Ore eq IOF See Er Ber ee eo RporSmaceoacciebacs- 1870 | 25 
IMASSLVG, Saaniticie-cimsrieboe ee Horizontal sheets .--...... Archean’: f..v2s2-cleacetcine se sealer 1820 | 26 
Indistinctly laminated .-...) Vertical and transverse ...||....do ..-.-.--.0<--|---sscesce--s-s-s0, }| 1865 | 27 
RO Oia econ ee eretiiceeth: DOLCi nee Mecuere eae rte PEO! Hae tue cictic eos le secceniceceeeineieee 1875 | 28 
BOO neha secscce se east ise aQnizontalanc-vertioaloter|||-.2c0 secu senecacr|caecesacweeesiacdents 1860 | 29 
Sty See eee as km AS SU OU Nee seat oe oe arate ReOO Grex ase acicmses |nerciaacele ater ane, 1869 | 30 
Indistinctly laminated ....} Irregular..-.....--........ PAT OREORTL, = 22 fet oan | tal teense aietee ete = Ae 1822 | 31 
By Oa js:sietarys clas cin vaste Horizontaland verticals. |\-0).00 cic acsie 50052 |'ssau'esiclaiss slsles wo saci 1873 | .32 
Miasaivie! size oseeoe ee nceee Morizontal Sheets mene smell ae SOO tec ne anc coe cne teen seme mee eee 1864 | 33 
Br UO tse isaiisincn veka safb eres Inclined sheets............ Dee OO Mtes cass secaatlice voubiccesiessastdlcreit 1864 | 34 
GO}-So ccccseete eas esee Horizontal sheets ......-.-. mee mise erase seek ole ne stented 1860 | 35 
(Cad ee a EO oe Sees WN G) pacitars stciten a ness wats IMGRSIVO nce oe acat eicectoue Levecnlanye. tree soe ee PATONG es tants |Seea eens hacia: eoee 1868 | 36 
RUG exios es saissincbe cies bams| IMedininvsesn sacacsins pecs OWE oon ate laie ease Honzontalandsverticnlea.t|l)-.s-50 Omens. seco esll-m a.<rinalaeeisenissae sas 1879 | 37 
2H) 3.50 Se SS pe ee ee Tht) 5 oP emake me AEE ‘Indistinctly Jaminatede 2-1) een Onpe sect taken ase ieyacte Softly Reet peeteoallsedaeaniccca so ecb er- || 1870 | 38 
Bee AO Mineman sisiclivce'e ne ace WOO can stemeuieces sive ateicis aio IMSS81V Gree mc mas sem etsamia€ Inclined sheets...........-. SoA SP Aeecerol Bo SGeeccoaerideTcedc: 1812 | 39 
VERMONT—CRYSTALLINE SILICEOUS ROCKS. 
DAP PLAY ss. 5 o-c0s. cece: RING Sad aap ease ses siee'das'ctae WMEASSIVO 1: 82 ae nlae easton | Rectangular ...-.-.--...-- PAP GN SSAD Gael cnct=s|eanie aera eaters eae 1854 | 1 
HORT OTRY a. creel = oa. een CLOGS IO eae ce = sansa Indistinctly laminated. - | Vertical and transverse . Wipper Siloam shee seeeeearieec ae can || 1870 | 2 
CAEN alae SRS ae GORTSO eset s te cecletneccris) Oe ans ee eae eee WOTIGAM } OUDS peaasecteas swell asia (0) 0 AROSE Beal Seon Ganacre deck || 1875 | 3 
Wipho pray... s2+-2--ec.0=- SING eee ease hes cee sci (Laminated, ...2.iccsasest Horizontal and vertical I|--- AY ea Babed Eee esacacaonensa. 1850 | 4 
joints. | | 
Light pinkish gray ...-..-.. Medigm) ..25scc5selac<n- ie: Indistinctly laminated ....| Inclined sheets...........- sets AO saws nicigioate oatei|scemieistaies Sicisieisheita wee | 1880 |. 5 
Light pinkish gray ....-... Medi) nceraine cise teem ac Indistinctly laminated ....| Horizontal and vertical || Upper Silurian....|................-.-- | 1876 | 6 
joints. 
Tighe BURY gacccs ences vaee SEA oon se caierew ate yeactalae IMASSIV6! Secs, sea marteeeo Paravoley erblcaljOmmts © seelle ca C0) sone atkeatteel|ews aces s- okt seeaals | 1879 | 7 
557 Ss ne WINO- evince osee eet eaves. wie UO S Sdates otseetic eee eee Horizontal and vertical EO istisok semis ctan | aoa eatenr= om cismneeatie eal 1835 | 8 
joints. 
PRRENSTAV OIA ocaideecs ee: see OO Gee catectcsia ce ae Stee Sat]: Sess csasinaecseceenss mars Horizontal) (and ye parallol. iF. <6d0\s 5... 4s. <5<|e-senossiaencsarcesc || 1878 | 9 
; vertical joints. | 
BASU TW so: oe sobs cas =. Mire dainty ae cesietawiatote 2 </etsi~)|/2 recA Rae aeeGogensuencd Horizon telge and s VErbiCal|frsen Ou sc os sc0:-ine))ootemaic ant aisisine nna ae || 1840 | 10 
joints. 
IGT GHUOTRYs csc cacecccs nc. WING wa. eeeene wees ss se AWE TG) Go Saoc ances = Shonen Inclined sheets .......-.--- (Upper Silurian eteessjecee ose aaiennee= 1868 | 11 
10) ROS Medium +.ss.os eon chee ces sels uAOme sac. bscemaseee rience Parallel Pcl wings weiechlases Ol. cccssmetva tec bee cewsmebsiemeeeaaee |} 1879 | 12 
| | 
VERMONT—MARBLE AND LIMESTONE. 
Red, variegated .......-..| Coarse and fine ........... IMBRSIVG)<onnei memes tee PEG Reeaeettaee aieeate win ate ee Tower Silurian elteaasaisiacicmsciewe st = 1866 | 1 
Black, gray,and variegated|| Fine ..............-.....-- ARO eoerer Epo conn ncscr. CH VRC BNIOH ete s aie ets aa cose SOU s eos serene aoe Dee a ceweauet eh ca 1874 | 2 
PRC ecrat sins ory stale os siaiain COATSRee eae tone tet le BIS cAO eaves’: adem ane semese Tihiigkeeee ea hk eos aes Neg G Qipsvee imran paera am oleted sane siataje tere sida ume 1820 | 3 
eect) (eee See se racer Coarse and tine ....-.-..-.]. an OO eqces taps sane Asa TON Gye TES Sees Seem aac aa UG Moraes i itsndd len abe ne eS aaa 1874 | 4 
SURE O ees cccleceorscit ek oe. SOBER A ES leas Sree ol es ws's0O) sfcasee aesiasisits wacesi\\'s Peers we semen sm arc woe OOhaatareatine rc. lasaecas ssaenestecsce 1776 | 5 
White to dark blue....... THANG Soe Hota Sacra ee es Massive) tocs cenuoeceeanls ot VOW LDIOK ei ca ctasaame cs TG wermilariaives |pcciccssecccs ceenced 1880 | 6 
White with dark shadés2}):.2-do -<2..2-.6.2-<.08-+2-- BEE A OEE a seacnnerneee PL EG ies nar Solna aa utes ei alas AEG) pica, lara Ie CME SoS SEC ae 1866 | 7 
Witten Wiel Wark: “DANUSiles sp 00s. wtonseccct eeu. ces2|s SEL OO bce Jaron et eei arene ee te eek OO) fam cvelonn delsia & alarsic ata era's lle arate Gaatieae caver Se clacn@ dlawcaeceene eees 1836 | 8 
and streaks. 
‘White with dark shades -<|}--. do t--.........- cca. --|- SP We aase notches enstons SecGh ae eae so sane Peaee J-==-O - 2-2. sees eee leee eee eee e ener eee eee 1867 | 9 
White to dark blue ..-..-. Peer setae det ccmare tae Fein ame Fi ae ae Mn a en Pen ea Ut O le atlases se naan Se ee bars POG Perea aaa os susie saee sees tamer ee 1845 | 10 
White and blue........... Hine aasdesaneses deen es sane ‘Massive scdc ses asceecst ec: AWN) inl eel Fe acs naiscre Dower Silurian i..|..<-stceessaetance ce 1845 | 11 
sO Dadeessalleste OO cases ateadarssscseaes | Se OO seacaceete seas vasa sas Paws oe RE Se ciao der el | PEMA ase cs acesmen|sssey cs aceuapeneeeas 1844 ! 12 
White and mottled........||. SepOOuscg sheen cacaesa tee oe] > BS i ene Gree eaepeane Obscure: essscccnsccccensnille MOG RET Ts pece acl cetsuseeeeeeren ee || 1844 | 13 
IW Obese. se snccee tere ls Be CO) ap ccsaeeteaccaaees ss BEA LO) ee ee ctetcamernetase ven, PhICK: case aes acee=|l PeMON Sera sens esee sea dele ean eens = s 1867 | 14 
| White and mottled .......]|.... Ov sees cee ee cas: SHUG wamesdase Ueowaskanaaapseet dG s.sheee Kobra ceticqamee PeOO eee estas melo cater sm eemonaaanos 1850 | 15 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS: 


VERMONT—MARBLE AND LIMESTONE—Continued. 






































































































SPECIFIC VARIETY OF STONE. 
Location of quarry. County. Name of the isin te wg aed ih 
: Popular name. Scientific name. 
16 ||) Dorset -tacncssecccaceseeseeseanicee Bennington ..... Rreedly; & Son fs... sssace.ccstsscanceenp Marblecced.tersstes Limestone 22.5: 2scesceees AP rap 
17 eWastaDorset. aces sence cee ou wacer loans Gonnveste ae Hollister, Tyrell & Co. :(New Dorset: Mar- ||. do ioce coctue osc op|acateecescccccc cc Ua seebereeeeeee poet 
ble Company). 
18 soe cOGieecascesaccccms ee eee ese eee ser ih Agogo e) Dla Kentite Co secsesasecers sicedeeeee memes seeclO feceeaees Eton Magnesian limestone ........--.------ 
VERMONT—S.LaTE. 
DasNorth field Ge cesnces + sess ek asamee Washington ....) Adams Slate and Tile Company ....--..--. 
2) Castleton: tocccepsceche= === eana] Rutland ........ Richard Conwiyareuncese cep acaseee -veped’ elle 
Bills see Ol cemaisateaies icin ls steteistetistie= = eaare JonO eaamsee noes Clifford éesitchA eld seceneee. poster ee seecile 
OW Sect Oe se gisbssocenaedo fest: Ades). Lake Shore Slate Company..........--.--.||---- 
B Wee cn eee n et osatce actte cues st Blue/Slate Company s-2-\...s>~-s-ceeninesnellle 
6 Castleton ....-..-----+++-+-2-2+-+| Snowden Slate Company ......... ans 
7 | Fair Haven Pierce. Roberts . 2-5. svsccescuesasisc ae 
8 dO kcecws foscen bene ceecs senor Jones, (Owens h CO. sero. oe etn ce awe eels 
OW ERUO cose teead csi nicnessisnis anahseeel Vermont Union Slate Company ..-..-.----- 
NOW ates 0 eiowccvnacataaaes ose een aoe bce Oeepeseen sa Fair Haven’ Marble and, Marbleized)Slate)||-22-00 cx ----.-.scoscl coneese. se uen ans cena eeaneeee see seas 
Company. 
AiG pairs Haven: vcecser cea raeeancee a Rutland ........ Griffiths, Owen & Co. (north quarry) ...--- SAGs scce5 scscc ects |socckweseseecbocus ss bene cee nn 
a Vy SCG (ees AS Sa eens nao SO oeepstee Griffiths, Owen & Co. (south quarry) ------ 2+OO iccecseccrccceclecccvorcosenccbancssoc esc sonnuneaeeneeee 
13 Poultney ziceine ene ne's\e wie ear aa siete necOOi see atiesuee Eureka Slate Company sosne~ ne-s--neees Ua) Gee -O Jacaieaasssimen das|woene wees one font cscamce saalanp sea 
Te Sd ea soeise Ae aa gash asc soe | 361 AO) manetasaae Globe Slate Company ....-....-....-..--..||- SeGOOceSiceweinbivenae |sqnccehelet au seedcecees sae pe em 
15 | Evergreen Slate Company...............-.||---- CO caacebman cpcuan} seme an eee samo sem ese ee tenis e sae ee 
16 Lloyd, Owens & Co 
17 Re pO VG aon ceo apdemss gated saa enone alle 
18 Griffith & Nathaniel 
19 Daniel: Colyer t2u2-- Sie.crecsumenensteeaaee 
20 Williams Brothers & Co 
21.) ‘Poultney <2... cassee 5 mentee c= re Ihutiand -]-.sese Se Vans ies CO). csuseotceceepescoaces se sres 
22 | Pawlet: 23.22 snc eseeier ee aceon see 2. GOs tes see seee IMA W elohiat Se onacttasceweceesbesteseerae 
23 5-0 2 occa tesa see E eee ene are ee 0%. -2eecae eee USA ORE TP Gee a a ets ae Geiser 
24 4 LO Sanu cam ebee Sean eet entios LMOi cshaece cere He INOEUOME eo soe cshe concer le ceareeeeenee 
25 ¢CO eis dewaste mat hoe oe eee eee tos POO: See Secepees J SY Waren! pool. acs -ctbes dere cee asce oe 
20 | Pawlet.c sccscaseacsareen uses seen Rutland . tere: WiaidtWVaNSeoae- pec. bk eis epessneeaeeee SHBLOs Ue aston. caren 
27 | West Pawlotics.2 ces oes ees on en dos beceee FL WitHuchesssacces scene cae tate oe Wace OO etpime coves eee 
28 Nines 10 voce ace seine aa ease ee sr een Teer OO eocceceere: Rising’ So Nelsons i Sscee hae cee i ee Oi 200 ts. tem daecnsess 
29 JO 2Sicl macstececseneomemore eee tt Ci eee nea A Owen Evans 6c Som :tes.. ce sce petee voeaces beg ehUh eccamasen ee cses 
30 \)so2-00 2oc ronan stereo eek e ae aeeeeee s:dO\.cceadaeet The Browne4 Slate and Flagging Company.||... do ...........-..- 
31, | West Pawiletne- co scan segoce sae Rutland (22... H. Dillingham ...... Woes seteene Mees am MIAtG 2 eee ae wevan ns 
CONNECTICUT—CrysTALLINE SiticEous Rocks. 
0 
1) Hast Killinglyo cesses sees eee Windham ...... posepl: Oatley st. ck 2t2 ot date cees emcees HMGMNCISS . . eum csceunhs Hornblende-biotite gneiss...-.-...---- 
2 | Sterling ..-.,-----22-.-seeee seen ee lees i EC eee: Jeremiah We Goswell: oscesece occ sseescane W Granite ss. cc-steees Biotite gneiss .-....---.--22ss-scnsne- 
3 |.---dO .---- 2-222 -e een ee eee e ee nnn ee Sac es esc Samuel Uawnsend ¢----1- 0. sseme tel acee Hain SAMO: wen niclendean s:cuin| itn Mies Sia nines die degen deals ee eee ee 
cayauoae Wea as6 5805S 4S tahoe Gear ae Foae0O etek nent Oneco Ledge Company ............-.:- = CQO bo oea ee a ees Biotite gneiss oo eee ee ewww ee ceeene 
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i) ‘Glastonbury. osscad ese seen eee eee Hartford. 2:1. 22. Chester Hemntz6.c 6-1. eee es recente Gneiss .sesscen tees ase OO 6 aad case te dee eae eee 
3)! W est. Norfolkis2 os eae eee Litchfield....... Snow. 8" W Ooster seis soak Jone os Uoane coset eee. 2 Jae ena te eee "Blotite- muscovite granite .......-..--. 
9m) (ENOMASLONY 24s teeg eas eter eae ee SEL SARS aertine Plymouth Granite Company .........-.-.-- “Gneissoid granite-’..j... 0-00 <stess 5235.05 e8-> 5 3-aoseeoh ea eeees 
10 | IE. MOW6E oe eissween ak: toes een ee eee 
11 | JONRY OOTNIS isis enaeeneen nes etnias sae 
12 Sylvester D. Hill ........... 
13 |. William: Ritehorss-eeeence he 
14 Thomas Ritch oe. 2e-e esse sateen cones ceseres ae 
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16 Spring di WilCoxhe se seers et esse eee ees | 
17 | Patrick eben foo" ee a Ee Reds rei Sh et 
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19 OW Blakeslee; c-5 ee csaeco ee ence oeneee 
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214) eetes island: 2-500. casecce 5 oraees John Beattie io 3.<- = ccwecaieecsusonseeemeaee 
edi Stony Creek tasers. s es eeesecicae ee John Robbins’s..cu oe eee eee eee eed Recor hee ® | 2. 0007. aiare aeons 
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OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


VERMONT—MARBLE AND LIMESTONE—Continued. 























































































































i) at 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. | 3; 
Eo 
Color. | as 
; ; Jointing, bedding, or natu- , 5S 
Texture. Stratification. af ahi es hy Period. Epoch. e r 
White and mottled.-...... SUS OSE Sos Sanaoberesccse Massive -....- Serene Mivenytbick=2ac.vescsesee 6 LowerSilurian ya. |saecas mere cece eee 1840 | 16 
eee 1) a eee ween ee tenee TEE sees tee eee wee eee ween te ah ween wee we eee eel ewes Ogee cescenacecescs cs Ser Sen eneuswwd veleccoens cence cocneepee 1850 17 
Peri sspiniceaws'sisspe- == 0000) ap etesceée me cteoke Beet OO facets es siteaicneccassae| seer CNL are ea Si eae se atae Oleeses ve cits cs lsainsetne seaecuertas en 1827 | 18 
VERMONT—S.3atTe. 
; - 
fippiae-piack ............-..- HiNO@ericce rete omeae aes ca nen Rectangular ............-: Even and smooth.......... Lower Silurian. ... 1 
pa) Se sre Oreo easctosmamee tence Mhomboidalv. ss ose. e =. ip ic AOkeentocaensscciecsecas 2 
oc G a a Beet UO teincuensiessnseanae sone ea get BNA TOCtAN aster 1 AO secs as emeenaceccell ae 3 
’ ar. 
| Purple and green .......-.. we elae Rhomboidalyaca..casas0s~% Reonlary. casesuscoasiaacs vice 4 
Blue and green.........-.- - Trapezoidal .........-..--. pees OO teen eee sem eies a acases's 5 
IRE Done s> aca sock eee Rectangular .............-. Regular... cceess 6 
Darnis and green ......... e BhOmpO Mal ease se aes Even, smooth 7 
WanMerated 22.4: .s.2--20<. . Sor OD anses jeskaass sass aie rece teat, 8 
Purple, green, and varie- UO) aes daca endaceae PoC Oaacesiacinastssoocess secs 9 
gated. 
Variegated, variousshades.||....do ......-.--......--..- TITCCUIAT EL ce tc eccedes aes HV. OWacss sob seecst cnocased: Ea One oe ee ie coekalsec eee detent carezee 1852 | 10 
pet And purple, varie- || Fine ................--.--- Shhompo dal ee scec es een~ « VGN tage amteiate cinaniaioes niaatas LOWer Siluvian- <5 |scecsncs scsscwscccas 1876 | 11 
gate 
PRTG RV ATIC LACM ace won| - 10 cons) sac stisecscesiaind OSes aenasa loon sie ess sameOOngsescacessesdessccns. Sec GO) aeitacs Seances |= saeco ona casseeees 1876 | 12 
tO RMR itieiawin ecu .s a> < x0 pode ON panne ces cjainiee eins below ‘Trregular - sfareesucerasces Bee Obcccerseceraeserececes FeO aoe naicanteallseee <a cee come cee 1852 | 13 
Green, purple, and varie- ||... do ..........-...---.--- thomboidal and TOCtaAn=|peecOOieeaww esa ceee eons tes ae ee OO ee rena ec laeced ox aneccebeeenee 1868 | 14 
gated. gular. 
Green Rhomboidal ............-. Trrogularcen cess aac secs Maes Ove ni ccie cicials Bcd Dena Pooncsnskcers: 1867 | 15 
Green, purple, and varie- | 16 
gated. 
~ 2.00 17 
Green 18 
Sea-green 19 
RT GID ee eicte = tes siz! oaolsis ices eee OONOMEr matreoctias on esas Bae CO pe eetettas Wlae sae de stears Vals Ales te Aaibatsiciat seme scres5 Ue OO Bias tosceena lesa casseaes sc etemeeh 1879 | 20 
(BN TaD. eS e op SDC HOUCORSEDEE SIN Gis iaeaisiceiee tase sayiaois pViatia bletecassse-o aces 5 = Wy elie sseers selec wecesees Mower Siuuriansca.|s-esssacn sea eecees 1874 | 21 
Sea- green oct aapoo sd ater Ser Omen eeeiceinseeies aireiats © Rbhomboidalsc ssn s.<een se Qeern seeds sceasae see IAG Met aot cchen este coue seca as mates 1870 | 22 
bend LOY 687 SSE Sear Beer dOss /oeecng- ae eseaek ae SL Rae ais cates six ss sisters RO soe kent aac rae aceite Doi OOiarcetanss seca aceu cts sac cae aerate 187 23 
Purple eee so ewe cesiceman. cc Pe ON she seb a acceindisindnas = EViariable sce s-sd5 sv esn-0. Spor dOy sues te teases sot AS aR e EO Re tae Set tomes eaaciattes errant aeons 1878 | 24 
REA-PTOOI sees sizc025-= =< Waste CO\ss/ stparcts cere’ Peete Sas ys LG rls iys aime sie come los nceeie PAS Ose csat eo setae noses rl Pee ces ccucnaleceere Sone aesecuee 1872 | 25 
SOME TOON =< ccisissis tenes os a1 SIN Oe eee na cit ne ciine wre teres Viariablecuacccite cece rss sm VED seein eee ene ca ak Lower Silurian ses |ccssscec-- sores eee 1872 | 26 
Ostet rs = access ree sisiece an30' Stasess eisc sisiawcwee se Rhomboidal fescasseces2 = pas) COs arse ssesice deesse ces Jee dGve seteeeteces: Bescectescietescescen 1873 | 27 
Se) 2 TE ABRs nasty) Sad bene ieee ssuee REGiINS Ulareecaces wee sills | COe-e taste ee semen ae = Sea a easeris hecebda MUSE EOUDOTeEE CanRnne 1876 | 28 
fa, COG eee Wester GOn aac ces aaee hela tics aes TrPesular eee ees asees ee HRaR RO ek aan foe te et Ontece awe tone sens acne meee etiam 1876 | 29 
Sea-green and blue-black..||.-..do -......-...-...200-- Joints parallel ............ Smooth and fine..........- eee O ree eae atid oan le tae secisticws aastes 1872 | 30 
BBS-PEOCM ie coer seco cos-s (GU) Ce Acca ngcioseaneboe- Rectangular! s2s- oo ses cen WMOOtH sas tess see a sens PO WOx SLUCIGN se ae cum eae eset econ ime ae 1878 | 31 
CONNECTICUT—CryYSsTaLLINE SILICEOUS ROCKS. 
| ! 
HIRO PTR Y gece c2 + sine ones i COMTHO's cletes sasteiacis se sistas Maminatedn.cssitsescca 2 Irregular, vertical.........|| Archean -........|.-.-+-------------+ 1842 | 1 
Ory cad ight gray aan f eaee wae HS pranete aa Na Pe domes ates SoCo rs! (PARC FRE iat SS. Ae BEE OME Th: SeRa a ENE sta: OCI mee | 1877 | 2 
Lec OG), 2k oe Se eal fied fen Sanwcuascaoe eases PPG Pe eae aces se ile COME eee ree eas bee do See EEN Ae ares eet ae || 1875 | 3 
Ce EG ce se ck ecles ier CONS eet chen eee OG peseeeh ic tte e cee aioe (i ing, Bae eT A aaa Se Se PT AG rae tee cae cater a auiseiade es tap 1855 | 4 
S000 3 3° aa ee CoE eEre I ROUT G eererteretetaete ere tee ners Oe tees sea ole seal LEROG UIA sy ce © ates ciate ste cia tell flare Gore seaersoraet onnce sets tae 1877 | 5 
AEE Picci miss nnwin nc = = as Wee te eae cee Daininatedis os. pata ek Irregular; nearly vertical .|j Archwan .-....:..|...-.....---.-------|| 1805 | 6 
Paik THY) cre oie!= =1eim)nio ena oa Np COREG rate eeietelntfeletatialer stats Brataie (10 taeielsteteietateteteleiciate ie cla Irregular abbot andverticall\ “6. GG, voc tac savccealsecsakigcodas<ceheaestl ABOOM NT 
fishoeray oe)... - 2-2 i Hin datenatiassbeayeetens Med omen se ren ae NE Ae ee cena UCT) A ee Sk IE eS Rae eee || 1873 | 8 
_ Hee eGO emces Salawa ee ceteeeiarse Guo GOs ccaiamis che cess eames Bare j ‘Irregular, vertical, TE a SPR ie ae |, Seo ti 1855 |. 9 
clined sheet. | | 
10 
11 
| 12 
| 13 
14 
_ 15 
| 
PMDLTIBIIZIEA NS tece cans -='s| | Compact, granular ........ Laminated..---. .-sc2-c<-: esha sheetand verti- || Archean < 2.553. Qi 22.50- cence sae--ce 1848 | 16 
cal. 
SE cae ee h WING! a. occ sine vesteniees os Massiveteecn tens + seoc ee Trregular, vertical.......-- (AGH EN tr Seaton e Beaerinia Paciae haces | 1870 | 17 
Bee Ot ae aaa ets Uses sees’: WE O La uet oe ita set cera: Se LO e ete ecicie ain te seniors, atone ROO R ee eas Ors oe eae Sem O) aeee ne tae Nee gsencs seeren geass = 1871 | 18 
WG iaer acura yseeesss Hoa COde eee ics cab Monta tec shina. Ci Cvnepe mR a rhe Eh AF oi see eed Gree te eed be eee (AE OMe eee Sate Se eee see ore aawean ca | 1868 | 19 
DAPI PTAY poeciset setter Conia ees een Soames: Paid Ole tans aceon ons Muchtbroken....2-0s2ue-. WO cit ae, bd ak! ahs Rie ae ee || 1879 20 
} Gray to red. .............. | Coarse, porphyritic....... MBSSIVO) gaa erclst saimeteseis ets | Irregular sheetand vertical]) Archean ........|......-------------- I 1870 | 21 
ert COs ote eee sce wine tees 2 Hite Sa eee eee ee Ba CO) Jctoe cuteness tee Mo asdo 878 | 22 
INOS ap ee sc a asanc ees: Heine sawnevears 6) rs Pp ihaminated sesscsneone sees i -.do 23 
BEd e it. kee ee CORES Tie Ee | ae SEAL Ree Ee enema ce moe | “Solid 24 
heG a aaeeinen seeae eee es Coarse, porphyritic ....-- ~Ataseivel.c. 63000, Ueto Irregular sheet and vertical 25 
OA: ote c cat oases = Coarse, striated Laminated Irregular sheet and vertical 26 
baagat gray Fine MASSSIVGyoot ores saeeer ees 200 | 27 
2.40 do WO Netcare assesses bl pomaGt) 28 
Hee aed Indistinctly laminated. -..|..-.do 29 
oas0O do Seen O nda dente cemuseaan se Fouky | 20 
| | | 
APU PEAY an wa as arose sat eNO senate vet ehortens cl. Indistinctly laminated -...| Irregular sheét and vertical]| Archean ......-..|.------------------- || 1840 | 31 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS: 


CONNECTICUT—SANDSTONE. 

















Name of the corporation, company, or 























SPECIFIC VARIETY OF STONE, 

































































Location of quarry. County. andividual 
Popular name. Scientific name. 
} 
dl Manchester: h:cccscctetct esas lee Hartford sas: <2 se Charles\OF W olcottc-csssesatreccrnces esse | Sandstone ........-. Sandstone .....<2.5.ceenas A ete Sh 
ON Bask Haven 0 ceeeee en eee oases New Haven 22s, ob rancis: Donelly slo scst- serene rn-m eae es enliae ee Oe eens PEt: (ewer Pee as 
3 Otis Ree ee ee ees UO Wenn eee Robertr Medios. sac essai ean eeet em ner per lONRone Scene cose 3000. ocenee'ee ce ecko ace tee 
4S Portland ie acon eee cue here “Middlesex ...... IBTainerds ss‘ OGar a: e- aee eee een ee mer eee BEAO ates sc cae cete o 2 dO ecations 3ocvcattcaned eee eee 
Fp | aeoiaar (Manatee REN Se arty Ur oe ~cedOeetavceence Middlesex Quarry Company...-........---.||- = oO seen iterate ane A: (: ROP ME 
| 
6 | Portland .¢ oe eee ee eee | Middlesex :....- Shaler & Hall Quarry Company .......--.- Sandstonelss-aesmaer Sandstone ...... 0225.2 oe een 
| 
NEW YORK—CRYSTALLINE SILICEOUS ROCKS. 
| 
1 | Hastings-upun-Hudson ...........| Westchester... i MUnSON 05! COM ee rerere nc cmetn i «mene a bemaer i GHCS penne eer ees Biotite gneiss... 25... qseeeesee esas eee 
9} Cold Springs. cases sesesensssees oan Putmam. cece eee Hidis MAU OVirer ec weun nae ehoae aeee sme sme eer OTRDILOn pee ok ere et Hornblende gneiss.-----....-.-.... eae 
Si Clayton i222 pos steecerteeeecmeae Jefferson. .-.-.-- | Robert; Forsyeh: gst ucts <q awn ema seene ond fa weiemcistesielent- Hornblende granite............-- oer 
NEW YORK—MARBLE AND LIMESTONE. 
DP PaGkahoG ss ceeas cet wsiscceheamteas Westchester....) Tuckahoe Marhle Company...........--.- i Marble. cee 0. oo Dolomite. ... 2552-2228 seeees were eee 
| ease 10 cc ce eee ona eee eee eee ceeemedle act Co cree John Mo Musterton.secesescsasme sce as acee Wisse avamer sects ones <0 \-..c05.008s0cccce nae Uaioe eenenee 
Bi Or CON DOL wecees assis eae ame | Columbia ....... Py Hey Wire) OL1OB a eetena eater ater = chia e seer eaeet Limestone ....-....- “Limestone .-...:.ss0s aan eee 
4) Sand yHillisceee voces eeaemeeeeee | Washington ....| Kingsbury Blue Stone Company .--...-.---- ooh vnicwnccnssdiecase. 00 52cece 03 eee eee 
6) Saratoga 222. nsctescosre Saratoga..-....-. jeer Ce IW Ini on. cca names seem ate ee ape sceeweause pecs Magnesian limestone <.0.2.ccsseseeees 
6 | South Glens Falls...5-...5-... - Saratoga Sams iste Thomas Reynolds & Co...............5... | Limestone .......... Maenesian limestone .....--.-.-.-.--- 
7 |) Glens Malla Siieesacwence ore. 2 eemee Warren? 5. ..>-|, Glens Palla Company -. 2.22. seencn- sees SErGO doshas ace cemsen ca 0 os Jen ante lee eee 
| (Crown Point... tieceecenece osname Hiss0X Want aeeoey Era Clarice cece cman aes oem eons SHULO scene rh emew nls » SCO ys ain sale 5 viesp niece sia eee ete 
9) | Willsboroughssc2---sssseeace eres =O eto e mere. Lake Champlain Quarry Company .-...... pa hO Cotcsspee seet eae Oe Coenen 
10 || Plattsburghy..2 ote seecte eee ereee “Clinton .......-- Burlington Manufacturing Company.....- 20 oss casmae sods caf secles Sk matine da cloacae See eee 
11 | Gouvermeur 222) sececsee eee eee Saint Lawrence.) Gouverneur Marble and Whitney Granite || Limestone ......... Magnesian limestone .......-..-....-- 
| Company. 
19.|" Three MileiBayseesseusaseee sees Jefferson ......- Oven Wishk -cossacctpeencdstectsecacisesse Sere |-ne OO ..2-cnseeecnens 600. .coss, cece at Sees tee eee eee 
18} Bowvilless.. S22. sees deeeee peers Lewisiecse cena TS Carter 2 user se ecae ne dene een L100 psnsarceaserer™ | Limestone « aniee cael tacatablee see Ente 
14} Taleottivillesscsseecesssebeneneemer wee teen Fane |} Meichor Aner itr soso case fewer aene seen see 02 acc eccaccee lata eed an suid deeds aus arene ane eee 
15° | Prescott .2<-ccic2 cee tons sete ste Oneidass.= 3.5025 Byan LChOM ss one seme gi eweaneac ese eile GO te ce ctaveceeue Magnesian limestone .........-------- 
! 
16:| Prescott: .sGencsse ce cosesemscseere QOnelda.cs5.- Vane JEL OG Asha, ODER aceite miele erase sera eras Limestone)... >see. Mapnesian liméstone ..-.. 7.2252 seeee. 
17)| Canajoharie=. 2. sneuescee esos Montgomery CHarlesiSba pers te ere slehewin soto sciete ies eae WECOO Win en aahereene ono 6OO Ss cle nnis ed enn sae ee eee ee eae 
18) -Slribes Ai) \- ee eae coe reece ae OOo dames Shanahan w.0<. sesh. ce waeise sieaeeae DE (1 oe Merrie $2.00! saves esc e vache pee eee ee 
19 12 dove. Jb obec ote seer enn ae eee AOA wer e-lseee EG ig gle ti i eer RSS rere Sear asso ee Sees Wes ee cea he seme 210) a one's wate velo Se see ea ee 
20'|), s2edO".. 2 een cape eeem een semen ees OOP es seenee | James Shanahan & Co ......-.-..---+----- BiG weecel settee cee (OOo cbs vecna's ode pic we poets eee 
91) Amsterdain 2.22.6 ese easeeeener es Montromery..24 James Griswold 2.0 cee meen ee eeeeeeue eas Limestone .........- Magnesian limestone ...........------ 
QO WES sO. samlatna tem eem tect Cees pM GOSCD aan pakeee | James Shanahan 2 catacseeds see qsceaeeane 2800 aaiceniapiaio suet d wosO' vs cares accsacssco aan 
23 }2ccO™% Mu sancs akc es eeae ate ae eee ee Oo secs wees | DOL Nee witie scones meses es sbaccinc see LOGinescscccesmoueele o2sQO .vemclneedaecsnenee pete eee 
24.\ Sharon Springscecess-s-eeaceeene Schoharie....... \iOhatles J: Srmthe acne scs ean sate eo celamice amare ..do ean ca.aaisininia| sje) ce nein cn soo aa ee ee 
25 Cobleskill 42222. smeseen ceseceee an sc QOie sastaneeee Rely co SCANLON aa awe cree se eee e ee aioe es Pee OM eon ee ree ame J-=--GO -- 222 sone eee e es nenennsannnanees 
| 
26.1 Howe's Cavecse susueceeneeseeeeenn Schoharie. ......| Howe’s Cave Association ..........-.....-- Limestone .........- Maegnesian limestone ................. 
27 | Springfield Centre................ Otserxorsss.ssee MeCabe: Brothers Coceecccecsse cece ceoas oO pine scnme scenes} cca cAO ccceoed ta sesame ny eee ett 
28: Onondaga -pecseaseases esses emaaeeel Onondaga....-.. Hoghes; Brother & Cor 2222 2s ede ceenie SeoOOi don weceeurensies 2010 Sai ac clea see oe oem ae oe eee 
20) '}. ce Ol 2 cose alec ence ene meee een 22:00 =. poaeeee He OUT GUL CN WR 7c reteinete tain o's bisa ete erste lanl e 
CIOS Ene OSes ceca ra donaasascga 5: Je COR eseee eee Patrick McElroy 
| 
31) || Hairmonnty---seeee eee pee eee Onondaga....... bd OO OD NOLS eae celeste senha ale nesias eetes a 
Bey. oO. ae ee See eee ee #3 OO ee echeceare UB INE a cece can Shae cree aeeneecicicecion eet dd 
33°] Momlius 22.25 3ee5s aie ee AG eas ee POupe Hughes at Serene mas Be See Mane Sener Re OGioae wsme terete eee Ci (1 RR ts eS hs 
54) SA aDUrn sane eer oar ceeenclee eet | Cay WGA = Pe. sctncls Goodrich & Son . Se emck a eetmmieee en pO. Si aretdame aetna SAO etib ce cea bfe's ele te ete 
35: Idee dO:. seas eke eben ees be eee eee dO See JOHN Bennet cis seccesuc sie a see sels tates cu WOO Davee deci 2200O .calese ae cicle hey n'e sine aaa 
26 | Awburn-s!sy col pete tee eee Cayngas-..22-% Alberti Garretceserae +=: aeseheresena eras Limestone ........--| Magnesian limestone .--...-....--.--. 
of 4 Union Sprin case sass ce eee meee S100 asweccet se At BONG Gio ice ce Zhe eb, eee eer een ee be 20 
384° Waterloo : 3.2.24 2tesecueecee eee anee Seneca. .ce5..c.e| suoren Thomas: 2 ..1aeccn os coeee ees e ener < do 
39 COs sec eRe eRe Pee heme Atle Sears terrae OT Hmmety eeepc. bet cece cee st sete cere i|..+.d0 
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Co See at Lier eer, kepen eee ay ye 9). be (Oe ouesaen ee Wim SOLO wit! sae asace ee eerste eee centote Hl ore Ck) 
45 | Loekport {pepe aera ae aes Niagara ........| Rite Ji Carpenter 3.2562. 2s sede seems capesie| eres do 
J. BA WOUNE te stcbee henna = Salgisimalnenan eatetiats Limestone 
Lantz 6 Coes. wae ces helo soca ectae, ean. --do 
Wie HOplOSan 26 rec ene aisle aa weiner atomic ven a UOvene 
J. UODGINOGr ecu waccters sn asa shes ecammaeee -- do 
WY Be fio yaa nn eae sea aisnr coon ecn ead, ly wer GO 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 
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5 
a . 
ES 
BE 
q 
vo 
|e 
1874 | 86 
1877 | 87 
1865 | 88 
1864 | 89 
1860 | 90 
| 1860 | 91 
| 1879 | 92 
|| 1845 | 93 
|| 1878 | 94 
| 1855 | 95 
1840 | 96 
1860 | 97 
1875 | 98 
| 1860 | 99 
|| 1856 | 100 
1850 | 101 
1857 | 102 
1850 | 103 
1860 | 104 
1860 | 105 
106 
107 
168 
109 
110 
111 
1850 | 112 
1860 | 113 
1878 | 114 
1850 | 115 
1850 | 116 
50 | 117 
118 
119 
120 
121 
122 
123 
124 
125 
|| 1869 | 126 
|| 1877 | 127 
1877 | 12 
1877 | 129 
|| 1870 | 130 
1878 | 131 
1871 | 132 
1871 | 133 
1877 | 134 
|| 1877 | 135 
| 
136 
137 
138 
139 
140 
1880 | 141 
|| 1gso | 142 
|| 1879 | 143 
| 1879 | 144 
| 1879 | 145 
1860 | 146 
1871 | 147 
1871 | 148 
1862 | 149 
1870 | 150 
1850 | 151 
1871 | 152 
1860 | 153 
|| 1868 | 154 
|| 1873 | 155 
1820 | 156 
| 1864 | 157 
|| 1850 | 158 
| 1849 | 159 
| 1278 | 160 
! 
| 1871 | 161 
1871 | 162 
| 1830 | 163 
1871 | 164 
| 1870 ; 165 
1876 | 166 
1873 | 167 
1869 | 168 
| 1860 | 169 
1860 | 170 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 
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| 
SPECIFIC VARIETY OF STONE. 
Location of quarry. : County. Name of the ye Sb ce oda dona Ab 
Popular name. Scientific name. 
B71) Medina oe serene ent eens sak aces ere Orleans ..-.-...-. Kearney, Barrett & Co...............: a a) NADASUONE wee ces ace 
WD head ot ee ee eee ren eens see UO caccceeean< Jenac Holloway <csssosce-<esebesceceace ss ee On ee ae eee eer elts 
Wis dor eee eee eee Sb eee eee Patrick MOra toace. oss: adeses see tee c amelie Ser Los eieeciee es Peele 
BAe SR does cers ae vane alle Me OO esse eteles Aad. MeCormikgiecocter= sees asemecnccaee 2200 sooner o pea eee 
WS |Potkportycceerete ce eesse tees. Niagara ....---- CharlessW Ditmoreie so cj<5 aan omietmnn ones | BG nests ges pric 
176 | Warsaw Wyoming...-...- IMOorrisiéeSOny. con ceieeam > eaeema seca eesioa Hap stone -akees ene 
W77 Weslo Pek eect eee 2500 eet ese ea te Philander Ee wesdellis senses saner esse BSA leer era eee 
178 | Castile SO Ome ioe acters George Sutherland -222-oonesessee a ceieeoce= Sandstone ..:.....-- 
179 | Belfast Allegany -......| John Lang .....:-.-..---------.. .------- Par O sack ie ceaneeeeel 
180s kamestowi rece -ceeees oe ese = Chantauqua ----dohn McVeigh o.-emesn esse ee laene sO. tas tieteccet anal 
181. | Jamestown s- ---e-oaWere co=- wees Chautauqua 2o-.).d. O sorienaere.s veer cee des tees eee as eeeee | Sandstone ......---.|- 
. | 
NEW YORK—S.iAgTE. 
Si Lani p ton eeeece: ache ke ebiee sa eece Washington ....) New England Slate Company ...-........- SAL oon ote cae cwee cae |a cin se ee ein aeleia sip ein tet ae 
Ol Seed ocean cbocee ecterek es tena aeatelee ne WO wel awecn eae Boston and New York Slate Company...--. $s UO sin eminelcicnsocedals cesses ena ennrec a0 lita selene eee aa 
res ats tsa seen et es GAA Ae nD Col ride ee Saga Oe: David Williams & Brothers ............... 
2 Ble SCS ass oSPeR ei oncracacimacen be |i a2 WE asncaaca Lyman lS WiALteny a= cs sence ss senser eee 
Buea cOO Get ccs cecc nas see ae eee eens So Pa saeabe aac foe QO ee eels oss ae Soe eee ee eerie eeree 
6 | Middle Granville = <2 ----- es Washington ....] Penrhyn Slate Company ..--.--.---.-.-.--- 
Teed o-beacehanteanes cas eeemeowrasalls besOO Ran eeeezecc Albany Slate Company. ......-............ eae 
Boe LO ee en mere etre ate enrol eater ete aaa re tee CES asec Middle Granville Slate Company 
9) Granvillé). scn.e-ceneeewenmesoecetet ema GOeernce=seen Empire Slate Company’ ............-.--- 
10 fos Gd OSS tea enc ce satiate cee eae eee males scOO Mecsescvees Mettowee Red Slate Company .-........-..||.--. 
11°) Granville oo scuvestesosceeceesces om Washington ....} North Bend Slate Company .............-- 
12") Salom. < ccnceeeserassanteteeeaee eet OG. eee secant Salem Slate Company ....................- 
NEW JERSEY—CRYSTALLINE SILICEOUS Rocks. 
1 Bergen Hills. co.cerg ee eces atest Hadson: ss.2o25- Béerpen. Hol Ce cee eee ne eee eee | Trap-rock ..25.s<2<- Diabase . ..s2 20 snemonessenriee on eens 
2 | SDOVEL Ls ccseececanenteet eae tone ae MOorris..<tcn.--0- Delaware, Lackawanna and Western Rail- || Gneiss.............. Gneiss «2. ..)552. 20 pe ee ee 
road Company. ‘ 
NEW JERSEY—SANDSTONE. 
1 | Flagstone Hill, Wantage township.’ Sussex...-...--. Apa oo George Cart. o.ceoh sem seanalseemmesre Graywacke'.....2...22|.0..ss0c.ctcses-cneeue seas sceaan = eae 
2 | Southern outskirts of Paterson ...| Passaic ......-.- William P. Hartley Saree aan ee aneon + Sandstone ..-. 22.2.2) s-.2.0-250c0. ascvcceeeesaeeee se peer 
3 | Belleville. Avondale post-office .- | Essex...-....... Aa Philip’ @ Som -.coccsasasuneseceeueese eee “jet O) Adciscceeajsoeeee|s cans oeed neces ante eee ea ee 
4 2 dO Seo sheet as sesancices sacseeele 50200 Ss Sees aa William Ax Joycers caso n.- 5 eee enero ne te eee MO Joes Sadie inde Sele cpaccancs meen ence eeee eee 
Bo. 5.00 aaensess do nneuncsaas jecivcen's| sep Ce ge orice Wied, LeckvODINS OM: passes os ants eee eee eee Jeet CO etc ncesee ces cac| Sac e seen oes a eee eee =e 
6 | Pleasant Valley, West Orange ....| Es3ex.....------ JP ais hy gab acrcama oso sacs ocn aan acnasarsc Sandstone <... 2. .c ones cw cecum sess ee eases a= eee 
7 | Orange Mountain................. eon LO ee eee eee PO AMES E)) Oa: CO eeee renee Sete eee = gee Be! OTE eR OUR A SES ene (peereRecocescnonc moose acassccco 
8) Newark ste St etoeere scales cece etic $2000 ees ecemec Newark Quarry Company............---.- 2% =O - 02 ence en nnn | one eewiecenee conc escenemsesusss ams eties 
as rer Ce ye see ee Jem pale Ue ae erg: dO'cseacseoees KochemBros noose. ateetosk ec eee eeoeeae wn oe MO a ceencciceetenwalstunecwcls onccpis be CeneE Mee aes anna 
40 |) s.2:d0. 2 e Piieeasen ieee scone ce eee ate Jac00" aces sees PhilipwHochule geo -ca5s tee nts en see eee eallecen CO. 222 < co ccen oe) nae cceccnscecscions tint aeete ae a 
Fi |) Marbtinville.t.7-e--oessa48 eae eeeree | Somerset ..---.. William i. Bartle:& Bro”: =-2.-.-----=== | Sandstone ...2..-226)-2- ees accesavecceccens cacentitaen tmnt 
12 | Milford, Belvidere, and Delaware | Hunterdon.--.-... Smith: Clark) 2202-85. 2cc seks. sactocasecninn OO ..asaeceecgenss|sccoes scedn nuances san ceneene ae aaannann 
Railroad. 
13 | 1 mile northwest of Prallsville ...|....do ......--... Pennsylvania Railroad Company......---- pints Oic ceainwinyaes Senet Sean eate BPP enero osc ce 
14:)) Stocktowas-.- 0 ssestaalesaviss ee ee om a an Oe eee James Lilley s22235 cSo sccm tesaqeeen csesee 3000 2. cceeesdeescsa|t lies cs cece sacs s= ceeee =e a= eae 
165. )\..0200 + canesenscewne se taete nn oeeete seeGO. csmcvenseee Potter Bost)..<25-cecscssc-sicsubvcwunseeean [eee GO cece sce cceeensl|\cens aemee ce <5 ce ee cease =e 
16.) Princeton S=s 74-57 --eaeneaseaee Mercer 2-2. nen. Thomas ewell Veeco cccpecmes dee eae wena se Sandstone '...24.2-84).seuscaccacdencee vie walcacieaeer vee ofaboia ere 
17 | Greensburg soo cassesee ee eee e pee MOU tem etee ee Li Clark Se Broincecce possce se teas emcmteeece nnn HO sJocanwiceleg vied siecen canes caaa ace eene ce aan ea eaten 
18 1| 2.210 eo soentioceee een sees eee Gia. «ae seleets Ohas: Kevlerd& Sons see sag eesescaneceees nan. sacs ceca ns swallaccccciatevieclcas ccsl@iniae ahs ett nntnnans 
19 55:20) s ween Saas Cerise oktameeret paeGO' Sees oaceees Greensburg Granite and Freestone, Com-' |}: -2:d0 2 ..dcos se. -ooes lon ecesecnes suedectcwcaes === eee aoe ae 
pany. 
20) Keg Harbor Cityic-c-so-- = s-ess- <5 Atlantic ........ Wiolfsietter Brose: ceueavateeas dees cs remoee ws MO ve cecno nslsshacid|inc osccisiece'ns oaes ac ee oan eee 
NEW JERSEY—SLATE. 
2) Princeton! cats coe eee ee eee Mercer....-.-... Stephen Margertm..--ecscccacracteneneee Sandstone (slate)... --- 0.0006. ooecececkacteeenee ean 
2. La Mayette tc...csee-ee- see tees BUSSOS ceca ccies - Williams &@&Titusie. 22s: cececc anos DINGO iotictsee eee ae oseg|'- 0% crecescwiternicc scene ee eee tee ae 
Bl RIGO iiworeis vincent ayaa ines eeten| Rees GON 52 dc e's PROB ONES 3-2 2s see euo eee cee nee eaemea linen COR ial acetic sipieenis|osseeerses sels ces tases ene 
! Died 
PENNSYLVANIA—CRySTALLINE SinicEous Rocks. 
1 | Twenty-third ward, Philadelphia..| Philadelphia....| Barbour & Ireland and S. France..........|, Gneiss...-..........| Biotite granite.........-....----.eee-- 
| aw hOl cw cet iee oanab we ocak evap aaa ae SHOO eran ates House of Correction, Employment; and Re- || Syenite ....-. 2.2.2.2)... ee canna on cace venensueceeeacnemnees 
: : formation. . 
3:| Twenty-first ward, Philadelphia ..|....do ...-....... MoKinney is f20 20 ceo cuesse teh ace eaae Hornblende gneiss. 2. -s/-sea-ceeeaee 
4 | Twenty-second ward, Philadelphia]....do ........... Jobn Nolaw eases some canae ce eeeins Mascovite gneiss ... 
Dil Kein CO anu ecsicnsscepewcem espe sacen Et Cue ne Nesteridés Shelmines*- 23.22 oes nu secu eee eee Hornblende gneiss). - 5-0. ++ -neeemeree 
6.| Jenkintown......-.. Joma as ws OS Montgomery... vamos Conn. cceteescce eens sane et ane ost Hornblende gneiss..... ons aaa 
7 | Jenkintown and Mill Creek....... BEC Ee Selaee Eldridge & Stewart (2 quarries).........-. pan OO Saikca cin on wasnt GO Fonness ly aematcce a} Saisn eee ements 
Si Chester ere. cas acim samen ea deieaa: Delaware ....... AS Orda. OF Deshone, ji: sevecuccs ee eeeee : Biotite-muscovite gneiss .--........--- 
9 |----dO -....0. 0-022 e ee eee e ee eee ee eee] Sani ce cedous George:G. Leipenss sete nee eee gets ese harrca per| ipaee 0S eee ee 
10) evar WOvensewisnenicaraseeemecenneteces le ane UO mene eee ee Be Lis Powell occas oe ee cae receae tees eek 0 fen te eke ere ee one GO) oids sense ce~t Sons otoaaate anaes 
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OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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| 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. = 
; im 
E 
Color. Tae ae = s 8 
le : : | Jointing, bedding, or natu- A Pay 
Texture. Stratification. Pat pani ei Period. Epoch. iS 
Pinkish gray i ree an Reaaeoasoercpssane Hiven, thick -.....-.-....-. Upper Silurian ...| Medina ...... saessietsaon 171 
Light gray -.. Bi eens Oba seier craven uriee seman OO eae amaee ee ma -| Even, medium. Becie WOf- epee nee ae Eek Ol casa eceaeey 1851 | 172 
DERLL eater Siatera te ts 4) ee bindiatined Seca ceenorsane Rea LCN epee eee ta resem ei hod d pai LOmw earns oes as CONS: teasers 1845 | 173 
Red and gray <is.eie pe AO tere ete eee aayelte sae pelea Omer cetaaee oak a eee Ps CO was cetacean eet (eee te || 1872 | 174 
PAGHURIAY oc. <c2--------- 4 MassivG?ssc.nt a ccocaecesys ee esl aacacasceeaesciteasies pat COME cakes aie ore SceMOieha ceeene estes || 1825 | 175 
NAV ees nice sesicesi-in-- i NEASRIV Gras sseece sok ees Hyen; MeainmM - oo cec~ ccc Devonian ......... Portage. sesess a 1876 | 176 
Gil 4-6 bs acme eed iy Rr Bales ell 2a Ye eo nanreoe: CDce iC BRA ine eee m0 Se ieee ee cee | 1873 | 177 
OLAS) are DRA Alki yoac see cepeonspee Even, medium to thick . RG OG! soos can eests as Ts ea ae WS 1873 | 178 
NVATHAGTAD css ee ~ =< cs 255 Hae See OO terete cistaera as ataa teats Myon, thick 4..cvwck sen: oan Opseeeceeuas ce “Chemung bre Bete 1876 | 179 
Ena Se ORO AN CSBP | REOAG CORE OBES es BGPP Ses Seen SE AMG i Acer oor pccceeceecroets Even, medium........-.-- ---0 ...-.---.--..|-.--d0 -.---..-----. 1840 | 180 
ONON 65255556406 SSS BeIBaae i MBSBLV G)- en siacneeemmers: Even, medium..-..--....5- Devonian ......... Chemung......... 1840 | 181 
NEW YORK—SLATE. 
ies | 
LED Gale). cin cians vaya sje sis BING ansa ass eevigd SSSA TUN OM DOM eye mea ters aisle een Reena See ar aurick ws « Lower Silurian ...) Cambrian......... 1850 | 1 
eet tice ct secitagiscesa' Scan Oya ae nadie de alee eee 2 SAIC 2 eh ES ae OPe eee ASABE is 3 oticehoreareee SEAO 's PeieiS is, staleictaia Ee Om aaans ane tee 1860 | 2 
Green and purple.......-.. PLO se odes ea teeeteunces SQeeaeherlatida/ tae ress are Sr OOS sod SES Oa ST nO ABE parti (ONer, or beeiooocce ya Otrwcamecna so Sa 1868 | 3 
Bee tae eae mia Sen 'arcieie, «= Seer een ate ne eine tere sone oe “Rhomboid: al, irregular . REEL Sri ine On ane OES LONE Se AO aratlae cement miata eb Ofte Sea ee cto se ae 1876 | 4 
12 ete Sa PSE er Sen Sone ates Oe ciaserae ink Uttoeiee ate aie che dace ene Oa | sce WRESc eer eere SGA sae SC ORE 1880 | 5 
Purple and green, varie- || Fine........... Spenaaad Prismatic, quadrangular..| Even .-...........---..-.-- Lower Silurian ..-) Cambrian ......... 1850 | 6 
gate 
Res ie tees areisicins 2 aiqc)-'5 6:0 PRE OOh 2 aaa wicise awiawarnaeone Pane Oa teem cect Sas aaa Bee CO a Siete wis nie. siasin eee oa s/a aed vees ase sec ae Potsdam -ce.- caer 1869 | 7 
See Ce eh einicniein<<mie- <5 5 COLO Ge ene EPEAT ree BalO orcs corpesiae eo vactice Saree Onesie ts cea eaeeeoe 4 sonal Geet Ascedacte SOO eee oe 1853 | 8 
ed aa and purple. - BO Oe hcclaara antonio tlete a ees "Rhomboidal ..........---- (Whe) Sos -ans pasdoerene SAH BaccSnbocser Cambrian ........- 1853 | 9 
Beem sissies se acs/c.o:0e.,0te Bree Oc irie sane Sales seinen be pe ienee on coe abincie eee a VENUE ec nasict Saute sou niacceillusecQO geese sce ces eOtSdaMbensecs coon Lota ILO 
ISG ee AEN Of eteie ts salem ciataie’e aie eos Rhomboidal es .---s.6-. VOD remateetas slysetsis sane ke Lower Silurian ...} Potsdam.......... 1872 | 11 
Purple variegated, green..||....do ...-...--..-----.---- ee Oren oanie ten ees ete Peer OO cciecicmmrenicacn tenacelcs avr. UO) Nees teres ate Cambrianwes-seces 1868 | 12 
NEW JERSEY—CRYSTALLINE SILICEOUS ROCKS. 

MR OTA Yoon cece cusses | WRITRDIO Ssecse neecescs soe | IMSSSEV Glorioso aecisee ae Se Trvemalar= ce. secadceelsswacie EVIASSIG) loan cece | acsn ae seiances sosiac olaeames 3) 
ES A a Wetiadinm. oy (ais cduncss 0-5: | BET UO Yea ae Ren Mhsbigaee sa Reece dak chen ae. Meche eed ely 1869 | 2 
NEW JERSEY—SANDSTONE. 

Ne oes tact Stee cin o 6ic.e'sis i ‘Varlableness ese -seceiss-% Even, thin to thick........ | Lower Silurian ... 1859 |} 1 
Crayish brown i IMasSiv @rsceecias ss casteretaC Thin to thick Triassic 1848 | 2 
so LN Lee nae EndistinGtrsstecanee sce 4 Wentelles. Gen armadcr Sore AMmeecO Olan saa 11775 | 3 
ap iNe) e966) Ree MOO? ovieteeeee sane eye EAL O Mane etnias ceacistoee sac nee at eae Gene | 1854] 4 
Be clily 258 ae ae eee WwclO seasons gos sec aneninss 55 0G Cory hn So Bac oes Pane aeee AAU V AE Sacer acts 1800} 5 
Grayish brown WE WO ooesbaeone cose AMOK - cemngo SeHescuaQuSace Ae EEE) Ganeorses| See nc soe aceeances cee 1871 | 6 
OO etian serene scca cs onci E MUSSsIN@ (2 sana cessiccse seer ie AHLO Bera Sicieeicele cing <idias oss SL OSuimamiats ate satcicts | qtne aadeeciocis cess 1880 | 7 
Spe hee ee a ie i fImdishinGtzscecestrisescae Bee UQnariesemiine ascce coscans ee OO teres ateceetine caceene ne cacine sae 1812 | 8 
3 eS ae SES 2 ad sea BA! URE ee anon ae CRC Oisal clalaisecinaie teisinies sai See Ongas se stigase cel oseapeescseaie seuss aie 1872 | 9 
Dane OT Se eae caus prepare 2s 6 caccive eter Pt DERE Es Ape me Sie Meee aes ROO Re eccie Patan) eeadacnoa set emsaeie 1858 | 10 
URE ditty 6) Win Oasceweetros tab seeks <. Massive PUI ASS1 Ol oece rare x ote o tase te ee sites oe 1837 | 11 
tee OE sn nis nk oan s == BU Orem eters cies cio cee nie = Even, parallel i Bee LO Weenie et stasmits||in ox oe aaa inet ore ee 1859 | 12 
Grayish brown ........... Coarse, conglomerate ..--. Massive eat cae Ae scpcticl Peer node oOneT Soe 1850 | 13 
2 IL: BS 2S RT COSTAR Cascme ciesins = cine = 5 bras). Of naan eee ers amare HOE Ais GOR Be sEcncance Peper rcoettc sneer 1876 | 14 
soldi) 22 say ke ASR Bese 3 eae SoS Se See SOR ty See e Aa aseeosatones eee PEEAUOlsetemeeseecas | Dea cec ota. da cet sear 1876 | 15 
PT eles cndatecnoas<e 00s Medium Trregular 1800 | 16 
Sravish [ET ail Soe aereemee EEA @ineaictics arse (cla ce ees e+ Massive .-..-- pace 1843 | 17 
a TIES SS Coarse AREA ONMRE HAG] separ oe mea acr: aor 1833 | 18 
MEO pais ciae visa swsc cass BURG RHI & 5465 GSS OCP ESEOEe GROG UOr Cee Ore nO Sa aec asec) (p 1843 | 19 
LOW ens ncceit on cia os nie.5 > Coarse, conglomerate -- - - . Trregular 1873 | 20 
eee atone shew cs sats'a's 5) | BHT G Goce eat Se nioe Sass Helle cab atoiaa an seamen aren sneal eee wean tcneiu oa stcicsasst | IEYIASEIG) <cclcass cas aaa ctadat es aeca ce | 1843 | 1 
15) UG) Eee) ae aes eee! | es Cees accsecuusce settee a|ece sce ARO UEC CBE Side 0 G4 Se. CEST CP AROR SER ENED eae Lower Silurian ...| Hudson Riverslate)| 1844 | 2 
» Lee RS a ee rg Re Fane te Se reas a aati wale aedeer'rmeic MB CEC HSE HEQU eS et SAO SORES OSCE Conese Ee J--a SUISE CETERS Coo) EAE cere pee PR DCOEeEm |erie ie 3 
PENNSYLVANIA—CRYSTALLINE SILICEOUS ROCKS. 

POSE: GTBY .c2-..sinc+cccwss WUnGiewench ore seve ceba es Indistinct 3 2.2. <..c.sa0- 5: Horizontal sheet and ver- || Archwan ....-....|......----------+--- 1850 | 1 

tica P 
ESR GREE OCB RO ROE Ee ae Coarse and fine ..........-. Laminated verses c-sescsasslose: (ARE ae SBA on ene ee BER O OEE eet ote oneal eecin's Seheweacaeenia 1874 | 2 

Dark gray ...-...-...- ea Bing tesa otc vole tes: ha do. ch UMaine eee ees dpe eae We iar Damen ee. ce tenets nace eeeee 1837 | 3 
Bette Vaictsne an pie me sicves etereier COprsiace castes teo vows anes mca O eeu e eae cine ses Wr6P ular. asnarachine 2445 SEOOre care ere ss couses. she sinetenen ee 1730 | 4 
PANES STAY: 5 oncce'-)e'scienw en WinG peeweaste Shoes sacs 5.'- Sol GO Ps tce pata ane mare shes ast Horizontal angveriCal 2-5 lene OOhecs teas cenais|-||c-a0-~ cooce sienna dees 1860 | 5 
Gray) .-...- arsck Cae Coarse and fine ........--. Laminated........ Jpooscaa pep ul als. eines see daca PAPCHEORN amt cs coee|esmelwiachweaenienl=.n of 1858 | 6 

a a 1860 7 

ee ed Qrcg cee seen en eeawuwenn's ee O -sanccccnccce ome SE ESe Par avaveune!! 1878 
Media aam reeset claaee AGe eed sc tava meee coca Meee OLc2e culien ok atet!| stake ciresiaa so soe Ss, 4000, | US 
POrZOntsland vorucaleansi aos GG scone cn'-vecen| iaeene sedan eens c= 1750 | 9 
Ayropulars ccesedatiescs cs Poe Ue caneas scenes reaactisaeenelasess- 1800 | 10 
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SPECIFIC VARIETY OF STONE. 
Location of quarry. County. Name of the eer Ara company, or 
Popular name. Scientific name. 
11 | 23 miles east by northeast from | Delaware ....--- JOSEPD GE. WiarO eee serace sme he ne ss ears GuGISs een cee meee Biotite gneiss . <2. 2. cesses eeeeee eee 
Chester. ; 
12 | 24 miles north from Chester...---.].--- GOs lenses Leiner 6 Lewis, 5ccces -ssacceesoepeeenioe = 1000) seat eoeeant Muscovite-biotite gneiss ......-..-..-- 
13 | Collins station or Falmouth post- | Lancaster-.....-- Obi Weller. oS oe ss oe naisnietsasicmmecicine 4 tine ‘Granite .cose cnt Diabase...- 3... <<< -seee sia Seen 
office. 
PAC! Wittens fxcacec seek ree coe onee tees Works hesetceeae Northern Central Railway Sompasy = eager Conewago granite...)/..-.d0 ..--62 5.6 ~<caeete ae eee ane 
15 | 2} miles south of Gettysburg..---.- Ad hms 2 once Di Ho Pistennirt 2.- oes cepa oo eeear Granite... ..6 22 le ccee ls ceO oviee cin - ccna nleetelala tase eee ene 
PENNSYLVANIA—MARBLE AND LIMESTONE. 
4 hasten. 2 Perecece eee chee ee esaee Northampton ...| George & Isaac A. Smith..............-.-- | Limestone .......-.- | Dolomite .. =... neetes sesleeee ee ees 
SMV amMseenn eee caer ae eee = Montgomierys-. ely Es Potts 2 anseneees oc see te racine sakes Marbleandlimestone Limestone .........-........-.-------- 
3 | East Conshohocken. .-....-.-.-.--. Z ‘lL East Consbohocken Stone Company....-.-. Limestone .........: Magnesian limestone .........---+--<- 
4 | West Conshohocken....-.......--- ps Ue --| Conshohocken Stone Quarry Company... .-.. Le ARGO Eiacose ee eecnee ose) AO cccceds scine Sane See Ree 
5 | Brid seaports. os tases oe eee J j Henderson Marble Company ............-. Mat bIG: fete ca pace see Limestone oso eae Spee ae aes ae 
6 King of Prussia station Le LORE ce sie ren eee ACE mete cre ate eae WPATDIG: 2:24. asee tee Limestone: . 2.5202. 2p aoe e eee 
q | Henderson station ...<-c--2-0-22- ete Daniel 2), Hitmery prise... - scene sees eee Tee ac vein eeae Maa 0 (0 SOUR rt er) eS ai 
SAMO WHI COWL) 2 -sebaes ieee ste Matthew Berrys e --Scassece sa oe dec ee et eeeer i WIAMeStONels 24.3546 Caleareous dolomite ........ sccaceunes 
9.) Puekerton'./c- cavacee cpeneevene * Berks Philadelphiaand Reading Railroad Co..-.. eee sO co ae tle wae etree dO .. 2. consis cea See eae ee 
$0) WR@giINO ee. o-. on eeepee ce wee eee tae Want) Starting 2255.2 022 seoad oe een Reet Oeste eee lowe CO. occu went aan ees 
PM WCReading. 62. 2ece= es ee tea ae |) BOrKks. ise voene ee 210. FL Stel R QUT Mi oes ac eee ee eee le \' Limestone:..2ccc<<: Calcareous dolomite 
12 |] Arille stations. esas sees sees Lebanon ........ Poh; Wi) Beaver ocasas oo maccokewreeene eeeee be non 4 oes. setae Limestone 
13 | Harrisburg (44 miles southeast of).; Dauphin .--....-.- | Cumber & Zimmerman....-..---.-----.-- MELOY sees belhe antennae Magnesian limestone av ualdna.cee eee 
14\ Seaman Eaten ee eases oer sees | Lancaster: -.--. | Et: H. Witmer (James Young, lessee)...-2|| -..d0 .--- 52-22 2..<60 Caleareous dolomite ........---.------ 
25 I dsbneaster. cco cosee ke eee eee eeeees hee eC Orca tues Sohn We. Moentzbt.-1c2.seecccoseeeoeeeee eee G6! 25.725 esse | Dolomite....-.. i220 2. ee eae 
16/\ Danesater) 2. eo beeen eRe eee | Lancaster. ...... William Westman ........-..-. siceeten gave tia Limestone :...50.2.. Dolomite. ...-55- case eeieeee eee eee 
tT LODO lect c oben atlas ateeere ieee WOPRS Skis. eoe Ge Vamenta. eek © ee oe tet eae ae eee roe bse A) eee tie een ee Calcareous dolomite 222 -o-saseeeeeeeee 
19 || HMarrisburp sens eeest eke reese seas Camberiand +=.) McCormickii& Coz. covese. cepa eeouan eee [ey LO) oe ae eo eee Dolomite..'.t2. 0.222 0s ae se eee 
19. 1 dco. do udteesken cose ee eee SPE i Cs ey oe ILAGregk 2: oo ee aan eee Ree eee Fae LO yes ene eee 
20 | Shiremaustown (3 miles south of). Jftet tO). eine 2 Moser& Sidlescin..ce-n2 sees eee ees uta MLO atcteaec ine eee 
| 
91 | Carlisle ....-.- Valsceieett otra eto Comberland e221 Ws, NOD. So ete eee ee pee eee Limestone 
22 | Chambersburg | Pranklin 22.22. Honry Lippys--0ssesscscses-ceees Ito O25 Boas mee eens 5 
23 | Connellsville (3 miles southeast of) .) Fayetie......-. AS Ry, BOARDING, 3.05 Gucen seewinetadaeemiates | Blue-stone 
PENNSYLVANIA—SANDSTONE 
1| Demberville ws ose4 a2 aeee ss eee ss 1 Bock jcnactersicle | ‘PhomneH. Kemblaui.<.csvesecace ceseeeoee || Sandstone’. ......ce.|/s.e, sees ce acu n anne eee eee 
2'| Wardleyvillbeteeepee-ssscee seen =e Wein OO Ye pees errs SB. 6) Wi. PD Wining et sec sesse a oeeneees GO in cenenecateas|s otic veces camcseumanes se ee gp =a 
8: | Newtowrlh secs ane uwehesaccecteas bis ice MO teenie dete Bete raBbuckman d& Warley: 52322. -t ees ecee re ae Howe “QO cic dccmee ces eee] vic cipice ae euiatoe sepa ee ee eae ta 
4) WorristG wiles. senses anet wee eee on } Montgomery=---| douis: Plagm 2.282. eee ee seen ae cae ee 2a tO... Senccccmseccenl mee cewea cure ote ole eee eet ee tenes 
Sl Bridsceportesssesetoasptastes kaos | Sli RB Ac onan J J DOvIs (eo Re eee ee see cle peed Meera 52-0 4s Sicndnc ee cheisamn] te cee occ s bel ee tee Et aa a aR 
G)| MONT BSUOLG t.ckcste rae ete! | Beries-2.ae see Eppler'& Risehvillad 2.20 ceo cosa ce eens Sandstone ...5.0 52520). 022 ewes s ca. eb ace sees e eer 
7 | Hummelstown (3 miles south of)..| Dauphin. - Hummeistown Brown Stone Company. - wae ehO Lecweces~ beecesthiece aoe e cs Camere 
3) (Colum biacsteres casts eee sme te Lancaster. ...... TLS HV OIO itor ss coecen Nene cet went eh Lal Ote Btergcae stesienea Argillaceous schist ...: 2.0 aseneeereeee 
9\) Berhlehem Pe ee ee eet ase aee ) Grehieh 02.7) en | Brinker é& Wagner... 000.06 ..ieesvee ccccl| eweenscecs «cee pe Ses |aeece se aan see ee ieee 
20 |) Wieissportyc2 tacese ne eeeeame seer ) ‘Canboni 22... Henry Mertz. -<sc ciel idence es serine sieges Sandstone .....-.--. | Sandstone (bituminous)............... 
4) || \Pondiliddyaeeeee eee ne nae ePik6 Deeeeeee Coos Miarewell, cu Os sara se ara eet ae Blue-stone ..--\0-0<sslcnssscegsccucessetueee ee tenes 
12 | Scranton (3 miles north of)........ Lackawanna....| Jeremiah Williams.........-..2-..----..-- |) Sandstone ........-|..0c00 cepecsnaces one olen Ee 
13.1) 5 22 Udo} Se see Ee ERE eh eee .§.-@ 2. pace vee, Seg) (Res Fas 9 eS ie ha, Gee Py ie ae hed 
a4 | Leureli Run (Piams)..>~-0.--seecee Dusemers ooo Philip Gankerac. cet eee ance teeeerunes 
$54 DAG RBIS cee eee oe eamine eters SAS Ope 5-35 ck Delaware, Lackawanna, and Western R.R.||.... 
16 | Shickshinnytceccess::) setae ore 3s) LIU ZOTNO aecw nets George Nicely, o2- sce. cceus Seemest canoe ee ss | 
47) Danvillesescescns pee etemeen bees Montouriiasce.<- CAC. Hangh agent." chee doe eceemees oe eee of 
18 ees ae ee B cS e se beinbc abitee selaee | Wyoming ...... Brownscombe & Kings). ~ cs. ss eccos eens lm asQO ccacwlcicesnipene| susmmencceneece pees SSeS 
19 |. Neti « meeen ee EEO ee a eae ene eee ae eee ee | Flag. SEONG «ioe wninee dl ccaaneeupcecesee seen ee eee ae 
20 Sap Gio Seah Wyoming Stone Company...-..-..---..--- || Sandstone ...-.---:|-sc«se-be-usace.s 6. ee 
21 Wyoming .....-. A.R. Fordyce & Co ...-... Fae aouis cae cee 
22 ek CES Se oA ee Brink ad nippy. cece se eee eae on eas vans 
23 BG) eran Moses Shields & Son.....-- 
24 | Br: “Susquehanna - Harmony Brick Company.. Sie ae ae 
re See poe On teaacmnae -| Joseph Botte) Rai ceige ete 2 een fae? be dic oe Sinise cin otal eae Se cin be divipe 5:2 ele aie See eee ene 
26 Susquehanna ---| MoCoy &Co) 2.5. Sete wn nace setae se se soe Ping-stone 5.02. 2502). sence ds << oe. o0t nce eee Ree re 
27 | Mainsburg.---.-....---. Sais seeee| ODN eee eae Mainsburg Flagging Company ......------ SaNdstone occ ee~ slosh ecwin ve was ene nan as =e eee 
28) || Antrim 32> See eee ee eee mn LD ieee es Patrick Bradle bY 2 Sais ns el Doweeeiak nee aieele oad) ccicaciccs ceases) Seine cco acs vc eden ae's's eae 
20) -Marrandsyill@2.-.ceeceeemceeeiacts Clinton . alates Bich Balke Seon ceo sec en eee ees Sia wt OO Sicis wag waite been \ ccs cane «abies 6 ce ee eee 
BO tes. CO ces ctan aceite aaa mame eae ate Sale lOYe cutlets lay DLO NEON RILEY) wees cece ince aaa e tele ere poe 
31 |} MeV eytown -<.-<cee cate ane eee Mifilin . BSS Ae JOSEPH WaAtSODss 1 4cenaes tose kame eae 
32 | Puce S INITOWB= Jes -c eases ee eee Huntingdon . Bronk Hefright i o¥ 0-0 stseacc nese eee d 
33 IPAltoounssenutescenee ea eee aeeneren Blaiver tec ceeen "William Mvérs' occ scuesdscccacccsens sete ae 
34 | Altcona (5 miles from)............ 200 so coas -| Booth & Mackey is 5 
BD fd OTIBESCb a ao ean cw eens eaten eee “Somerset ......./ Job MGA Gams e- 2s oe ches deckieeeleeeeeEe 
86 id ONNSCOWD sense he anata see eee Cambria........ Cambria Iron Company s-2-c suse scene Mahoning sandstone). .2---....c.6cacnececceee Soe eee eee 
37 |... (OO ,.« ctascepiep mamamkoeden ee croton SOO ack edeuas Gore'é& ‘Levergood :Jossi4s2s Se aeeeew sees Sandstone .....:-+.|.-c--. .cccccckesue! cle veh—an 
88: Muller tase pest peeeeaneawes ‘Jefferson ....-- Allegheny Valley Railroad Company 
39 | Mreeports.ca2secssesee see ceeeeces Armstrong ..... David Taylor cco. «dee wae couse ease ee eevee 
40 '| LNCGSCO .2 seh oo eauee ce eeee sees Westmoreland ,.| John A. Huffman..........-..cececc-aecnn: 
Al) DOIry. cde ss ceteek cere eee eeeee eee Westmoreland..| Loyalhanna Coal and Coke Company 
42). 22:00 spree aesisae sewes coat e a eee aoe att! John’ C. Vanipbelly snsnvsneeneesren 
43 Greensburg Socata 6: Zi MEP Mann toss sae epiace seeks 
44 | Webster........ ieee mawe|) WV ULam IN GISON sc ccalce cimeleieme ciate a bie slotmieiee 
45 JUScotidale ts .consasercuercemaemees Samuel Dunmire 
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STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


PENNSYLVANIA—CRYSTALLINE SILICEOUS Rocks—Continued. 











Texture. 





STRUCTURE. 





Stratification. 
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GEOLOGICAL AGE OF FORMATION. 
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PENNSYLVANIA—MARBLE AND LIMESTONE. 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 
PENNSYLVANIA—Sanpstone—Continued. 









































































































SPECIFIC VARIETY OF STONE. 
: Name of the corporation, company, or 
Location of quarry. County. individual. 
Popular name. Scientific name. 
46 | Connellavilles.-ceocheccss ceaeeee se Fayette. .......- Christian Shibley anes .. esses eee e en eene ae Sandstone 
47 | Uniontown (3 miles southeast of).|....do .--.---...- James Fraser.......-.------------+---- Zee) |fomne! Okseane sic fence bea 
48 | Uniontown (4 miles southeast of) BIR So dagacsee D. Shipley ..---..----.--+--++2--++--------|]- ae AQ) bineieaneis ee oman lone 
49), Waynesburghiccess--02-eceeeeeee Greene. ......... Simeon Rincharticssn-cceecnessncecite cei: eG Peewscelanpe caer peter 
HOS West DU nionicesvecsieseee cen eeeerl: SEI OS eosctener John Lapham oo. << aceon see eC weievio ewer ise COO SBece eee mcse mi) Peck 
51 | Washington (5 miles west of)..--. eee a ema Desa OP OLbY icc camisienouisice's se eis alta viealamele Sandstone 
52 Washington (3 miles east of) a Hallam r0s Geemene see tea a cacieictele se aiteteta = Sets Olek s saccicn sesame aloes 
53 Washington See BOS SEAR John Brady .-.-.- 100 ceewaceee ete nee 
54 Canonsburg eee eee canceeenie John Cook “Freestone 
55 | Monongahela city -.....-...-..---|- Williamp Nelson saeeecs es sees cenae cee s a Sandstone 
SS eSewiCkley esenee a= aoe eee ence United States Government .............-.. Sandstone 
57.) Walkers Maisto enuaeasens sce ee re Pee pute gb, Cincinnati, and Saint Louis R. ||....do -...--..--..---]- 
R. Co 
59 WSO eeskws pear th con atten tence a 2 Ohana scepene Fsaac: Welker: opeosenianscreweeiieescniieae parC enianaemamens eats 
59 | Mansfield Valley............------|- Bet! (Oboes IM). Browil saan. wccetatssnsaececene = === ==|\ aan O's Seton emnle aerate 
60 W Pittsburgh esa. s-cs nes eemseemee| Beil hs seecuro EROS OROUEC Gos. copeasurecse ea ceeeremae tee POO o snesenlesocel 
61 Allegheny ...-.- Jesse’. Scharite.. s: scks nore se ane sanes oes Sandstone 
62 BR dotsce ss ceseae Hive ONOS). cee cvee ce pee cav ce cmwaies cece ee eas sno cenacacuebeels 
63 Be COP ees ae Seely eSOs eee tare cne sae re aac ae eee emer a OO sense car esas is 
64 |. SEU yas 5a George. Wright. -2.c2..202¢cesveeeccaios size WEG een ca ae.e Tae 
65 |. ar hlO; Seeeewerees ALE Hartigan scncescncgsceanmekees ee cere BECO eae cosines emel ence 
66 Allegheny ..-..- Henry JiaMes has cuss nce wcmecedemanm seme eet Sandstone 
67 Ree UG i eee er asec Ritchie & Sauerbrier d 
68 bsROO) eee cca JoOhn Schetwzel jtesactcssteseecws ee ecene es 
69 -do een cs | eo Obn Mirekenstem' sus. ssceasewenese cence 
70 Bee Cp orrenecnGso Charles King Sesee qos ence saa ee eas aes ae nea 
#1) ANG DONY -cece seer ese eee eee ees Allegheny .....- | Hred::Altevater ...2.2secceres eacpsecns= acl 
72). Baden. «ks ween ceeesee yeeieetesee SOAVELiewace skies To Gk Gallagher: Ses) ssssssm cen anne cohen ones 3 oe 
93° | Baker's Landing cocnecsc-seeeee ra EXO eure sitar oe cle Reedids win pene psc eecen eee eee 
74| Beaver Walls’ d22co-ece se semmeaeee ES dO athoccceaen JOS. Arman oe aoe st a rigewne es eee meee 
75 |) Homewood Soiczccesemmencseus seals asl Oere ms taal ates AL SOV cose iechaeren « getaennine minciaine nie eee 
76°) Wampum scccp mete comers ss cetsner Lawrence....--. DACOD LTIdAY ss «nese nae << vecat ees eee 
07) Sharon ho escc ee ovectemineinss weiss IMOreerie. vale= lo | JuOv DL PARGErsOll. en. <2 ene+ a ceuouseeaecens ae 
ED Pet Corer enn cima a see San Soc fale ClomensiHermmann s,s ens eeeaer eee eee 
79 | Greenville P. LOG ie ae see eta aaceue aan ae 
£0"| Shenango -eeeceanscese eee eee eee Craigs, Pinkerton & Co 
81 | Greenville Amy & Kappenberger << <c-~.2cs se ccse ss Sandstone .-........ 
oe ee | OR ARS poo age Amy é& Brown oo o=ceccucesaatuwel cas ga crce 5100 |p acGaelen oneness Sage 
83: |. 2:0. i scaeee me cecieen cosmos gseae. Charles Wryst.. scene ceeny eee eee sav hOi se se eot emeealeeee 
84 | Stoneboro’ LAW Odell, cparecseceecc: te sere eens COO oak abot eee : 
85a) WranicUie seer ee sens see ae eee VOseph Bells. SOM eease ae eees ase eee at QO\e ena dpatne see tele 
$6;|; Franklin: S3s2oretees ph eeeee ree W.. Brodhead 5222. sean- cases we keee ues cect. Sandstone .......... 
ST") Oil City teetees cesseacessoenecessse loses David) Ready sits 2 ocecsnsscedarsceser ec seer 3350s5ric)}5 a 
88") Garlandiecses sats) Seance ae eee Linn’ & -Weaty: ot bec ccaneyeesaueceresne: (OO Bast varaexcnre eset 
89 |.... 0 creebaeas sesap test amen meares Pennsylvania Railroad Company.......-...||- St ease. aciereerte 
90. Titasvilleccccecene see aeseee eens | Crawford ......- Denis Brenatycsese.cne cevieessseueeeneraes Woes GM) S655 otRoscsn F 
91’ | Meatlvillesc titncsciscstes sete coon Crawford ....... ‘B. McNeil. ceo As ono coeeecescecoacebetemal Sandstone .......... 
O2 |, dow eeree cane seat eeeee cone Sa Cee rank ogk ister ~-<deesc ges ean eeeark oat ee iceemd © henna wha s ane : 
O33) COLTy. -easanemae fe enete an ee eee ate | Mirie, Seite, seseee Je. 'Colegrovers cs tsetse teehee eee ae MER LO oa dogdwexesete| 
94°| Léboout --25t222 + thes sec nesee. |....d0 jeden}, Krank Sengor-: sce -ce cies eee ecees sees MdO% cocses scene 
95 | Erie (4 miles east of).:..2.-.2.c2~. le OO 205 a. Reaseee VANES LORS eect verasaeeeas esa awsee <tr acl} e ne 00 Gime aceon aeenemee 
| 
PENNSYLVANIA—SLATE. 
1} Bast ban gor eee ee seseeess <a eee Northampton .-. |; bray ss H0rt .aceaee- see ee eet ene eee eee 
2 1 se Dlate: Companys cease ce emacs sees ells 
3 Bangor Slate Company..-.-...-.-....-..---.||. 
4 Bangor Union Slate Company..-.-..--.---- 
5 North Bangor Manufacturing Company. - 
6 2) John Jackson 6. COe sec ccssasecee cas = te se 
TiVo hee eceee cr ceeweices aed ccceael lee TAO cate mars Bedoty & Comer enact eine sae capes em as sanials 
ol ERE COM eRe aN Sa eae eee asec 6 Sea Ws shee Sages West Bangor Slate Company........-.---.||.--- 
9 CE AE tsa rea no oOn oe acns acres: OG snasmce se Stephen Jackuow £00 beccaeiseseereae anes 
10 Chapman’ SStAtLON soe ennencnies se EPO dette sella k= s Chapman and New York Slate Company.-. 
11 | 6 miles northwest of Catasauqua; | Lehigh .......-. North Peach Bottom Slate Company....-.. 
9 miles from Allentown. 
12 | 54 miles east of Slatington........|. So /1O Raceeee Ro Henryk 0 eucee we acweaaes cess cere 
13 | 14 miles east of Slatington........ snja OO vais vila ein cles John. Panlus & Couce esp see ceee ue ce once e eels 
14 | 1 mile east of Slatington..........|. Res Oihs omeeoees Caskicié: Emagk.aveccs ans caineeescccseme celle 
163) platin ton hee nssete ener eeeeaalee SHdO ete a sat ok James Hess: 6: Cosa sssn tatoo sene eee eaten |e 
16))| Slatin gtonl cooecoe ae aetna Tenis Wi tastes W,. Hie Seibertasn. ence eweecce tac rss ane 
17 SC Oe0 yatta faae sae aeie ne eme med eee GOW St sarc onioe David Williams) eee o< sess Vasceseemen= nails 
18 | 4 mile west of Slatington ......-..- ISAO ramen eee ae Columbia Slate Company 
199) tO .25-  Ul oe essen ances chek a ane ning OO ae pee Se Kuntz de i000 beeen occ vce caleen «ar 
20 West of Slatin gton’-ccoss<cwceeeeel= wen nace eoe se The Industrial Slate Company 
21 | West of Slatington ............... Lehigh. ..sss00s Krom & Maser ..o.c2 ocsucsteaseceosseeeiees 
22) Slatin ston wese= tone ee ee een ee oe FEI GR. phe eee JOGL NGil er bcc coon eek oeee eee 
23 i Slatedalececs. sen sees sonoma Sat AO eee meee Locker Slate\Company--2---s-ece-sceteeeniia 
243) Toyrinsport.: sncos eres cate ee coon TO Oesteelanee Laurel Hill Slate Company 
25 | 1 mile west of Stinesville......... cogcO* Gage tees. (Reever dca Lanhauss ce Sees = ch cceiee te cemeemeellt 
26 | 14 miles west of Stinesville .....-. ohigheeeeseesee Greesimer &.BYro.. esac - seco werteeet eens 
27g) Ban goricees secede ce ee cee nee es Ore Weceor hese Peach Bottom Slate Manufacturing Co..... Pomp AG Reece le. Saccs | bat eneen enc cune aeeeeee dicdleeeeeoeeeee 
Z8UeW.est Bangorieesse sense nee seeeee aoe GO. Re essere Jones & Molaughlinse.sess. sees ceteweeceelle SPOR oer ea en ence [naaoek eieeneeeee ee ehe he eae 
2042 2id0'6..24 53-0 ncueee ee cen cen ee meen aes AO ee Robert L. Jones & Co...... ae ers ca: REA EEAO ai eckn coctcae seal saantuion em cene Seen ee eens ayes 
30 | 4 mile from West Bangor........--|.-.. OO ceeeteeeees W iliam'OsParry & Core cae sececaereeces Delos UOaintans'a ene eoetal leds cmete ees entretaceset Seana swmesh ates 
ee I a aa | 


STATISTICS OF BUILDING STONES. 73: 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
PENNSYLVANIA—SanpsTonE—Continned. 
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a 
STRUCTURE. | GEOLOGICAL AGE O¥ FORMATION. =| in 
EOS 
Color. # a 
A . Jointing, bedding, or natu- ‘ & & 
Texture. Stratification. g auntace! Period. Epoch. Wy : 
aes tae R a wiais vale sae eanteielr COAUAG cree cece: est oees INCISUNCUse so te etenie case Even, thin to thick.....-..| Garbontlerous es s4|oec) ocees en eee ee 1867 | 46 
POO Aenea siccse access pM OOhcianc wate, gee nee suse DEVO OMIA adele views = ai IBOWIGEES Ss. Se ekiscate nse cae ee iren ne oe ees aalnoe os daceuasitenemese 1810 | 47 
Light gray. ..-.2s.00--+--. IGG RIN 6.55) Be RSoapcrcise SOOM cluleleisitwaietas winta/a se MVOURG AI patecergncet <a .s1- Sub- Hartearpe takes ASB A ae orcanese 1876 | 48 
Ga pes eae y nin b ano ew esses (OORTBO- oa eee ee aan setea EMamatyt cries: oe ee oo ‘Even, CHICK Ge ere ean ee oan Cerbonikerous snc) o-cendes kelctentee eee. 1850 | 49 
PEO amen ctccse-ccevccs een Ute cue Some aidic vememecloas pia cl OO sata canis sive em sislcts ona SER O tian ction cee nes seas |Peenil Aes 3: 66e6 955 peooeresssceugs acc 1880 | 50 
Gray eae otis ,<14)'s 0b ae Coareecc.c<ceurscmeniese Ns UTTORUMAT SC oeccsaneaces sere Solid so. e vec ce wes on vacss,cie Garboniterous cees|-c--scees ce cemeneee 1860 | 51 
SRO eat a wan't cviacees<s Peck OOigdertinweeeaar tate Ba LO: Je eis wean snwee se HVENL Meany CO. PAIK ose 8 OO v ocae.cawstccnlecmepaicincene ce castes 1880 | 52 
Saath) AS Sane eceposeeeee HOO: slap otids Ge capes selene OO teins occ ctie nae ea ee nina 0 Re ae See eee BUSdO Seb snt sass ae lodec ee ence soe wees 1816 | 53 
BE OM icla vis ae c'ce.c's cunis:es Palodinm cy cer sce coc: “Eyen, parallelos ao-5 sa090% ‘Even, thin to medium ..... EO Oeste aa aoen al ea cneenaecian can cient 1847 | 54 
DE Oise niciets np as caennees COarse ss. ct esas emeenes DVEDSSIV Gis ce eee em acc e ease a Even, phiCk Wocesmeacces ca bts QOteiwe et ep aaloa ciate coe e enamine mer 1830 | 55 
(On Medium ..... hang cateease IMaSSIVG -ocemacccusaccsses VEN: tHiCky ean eee ae eee ae el] SO ATDONMIMOLOUG «2 -4|-osctes ccs se tecig neetee | 1830 | 56 
RECO Mee rroscconscccc- ssc SUELO Mews ache wane nawenistcne Unregnlar Scns sscaseeess- Even, medium to thick .-..|)....d0 ....---+-+++-|s2-+eseeeeeeee eres | 1864 | 57 
Rae AOE Men Sane Meee cascaee 58 
Uneven, medium to thick. . 59 
Even, thin to thick........ oe 60 
Even, thin to thick........ : 61 
Pee ines cow sus coeess Be OOtsnecn as ca sce cvs wee cin Feet OF ate atic erie seni creo plene har CLO hassel by aieisia’ sietuin‘ararefm esis sete O yes cities aeeraes hae, chloe ce am serene \| 1845 | 62 
se pi ee es Se A ee ee es 1840 | 63 
see OO wieatacre tne note eeenion, 1864 | 64 
Sa LO Asa ons setae eosin 1845 | 65 
Even, thin to thick........ { 66 
..do. BRASS ACHE ee area 1860 | 67 
ee ree Rk) en ee | 1845 | 68 
ee eee een ea inahe | 1840 | 69 
SwU Ott he tok ee Aaee vtaters | 1840 | 7 
Even, thin to thick.......-. 1870 | 7 
Hyens thick eascec aso aee ce ssi 1840 | 72 
Ossetia de dem eecwcct 1830 | 73 
“Even, thin to thick........ : 1872 | 74 
Winbvensthicks.cens~ectese > eae | 1880 | 75 
US Yiewee Ge cmissaacs scence. OVE isch. eine Ayncinacricr: IMASSIVOisacsicisies sisscseaine EVEN thiCk meen = 1860 | 76 
(Se 00 2-62-66 eee eee Pe eC Olean katwa eas cists a= ant Ce AM eee e ete see come Medium to thick ....-....- ines al 1872 | 7 
Pee ee ee cieniceaes ca wes Se OE AEEER Les Co OC ORE Se Oise eee ete aac nae Even, medium to thick. ...) aC Os sete eiee ene lactic aceon aueiee anes 1878 | 78 
JSUSC Oa eee eee Hin Oisereweteeme eee at stems “Even, Parallelyes sz cca scas VON OUI sama seines sexes lees CO's sseeee tecnocliast. cette te aia eeiere 1868 | 79 
DELO gS ee ees aoe wcrc cis BAO ce atennmae sama acietaa £200 G) Bend SPyioe caper pone Merk SR eile oT, CO eo tec cmslare ovedauxenateteaes 1876 | 80 
COST On So Oe ee Jey i SEE ta) ele oe irc Even, parallel. ............ Byen thins... sn denser es Oarboniferous ... | 1871 | 81 
MPC taal sclesicaces nic asco POO sr easee car keecen sacs De AD eis tame aioe ea ean = al ial nd abel seat samme tet Eee. See One asia s aeate 82 
Ci Beate tates cea ccsein< Alem OO acacmesiausucaas'sis sisi ee AOsss ro -mise aan aaa nee GOcnsuts Sissons oecacee eee O haces eases 83 
‘Gray and light brown - COatsCeeeesre or ecc=- Anca i Mansive.gc. ul ert ieds os. ‘Inre gular, medium to thick.||....do .....--..--.- 84 
Gray Fine Even, parailel.......:..... Even, thin to medium ..... || Sub-Carboniferous 85 
Gray Even, parallel. ..------.--. Even, thin to medium ..... | Sub-Carboniferous 86 
---.do Massive Hens thiGkie. septate re Carboniferous .... 87 
arene oes eG ae 88 
Axe aG Geer do : 89 
.-.do “Sub-Carboniferous 90 
Gray Corbonifereue Sate Ssere ecebecreccce \| 1879 | 91 
ee ee eT eee oe fame a 2 aiciae sel tine | Aa odio ow emaw ontstaneelles O0s cass cavanacececeemccilae OO Jew sence caat|cecwen desde awe tees 1835 | 92 
beg 1K) Warinbie TS dopceeetnes : “Uneven, Medium se seeaee- ‘Sub: Garhoriiferods NcioWcm ae ewtad vais || 1868 93 
--.do Even, parallel............. Even, medium........----- Dovoniann ce. nceulsscseckerewoeee esse || 1840 | 94 
== .00) Endistitotecs aed tc. look: Goce iesay meee Pe Oe sem cecaticcinncetenabeeworns. 1835 | 95 
PENNSYLVANIA—SLATE. 
| 
DAMN OG sascineniscoss. ca. iG yee sgecces See Seeecct: Nba ty niece aotincd SAE Aaa Smooth, even.......-..-..- Lower Silgrian<..-|-0 05. s5--2-se-nnseee 1863 | 1 
U2 8ULGY «Gee SCE? BBS: Saas meee AOhe rac ete netin waclseacele Seek On adams aes wicieee were se Smooth. g2c sn asocee ae oie Pe OMe setae secon nace cc coca es cicmeecae 1867 | 2 
Pe CO LE ei ciicn pe acecn seca POO neseas ce tate sseuenec DidGiac coeeee at als. cinew eins Lk LO ae eee ete eee eee eat at One seen a cache ce cuit cca saz euls sec 1865 | 3 
SPO eein acta Siaisiasccie sicin's-< 0) “Compact inte Reme cectteeiale te mse Os toes aisisinlciacisisisiele wis’ « EVena- oc tesseeesastesseat Bere Ota eee neta | sncisis enema te aleere ss 1872 | 4 
[Loe bie HOO c sae deine naa canoes oe Le Ci Be oe 8 She ee a a Foc. COS ee See aL OE eee ee One eee he cranial cisnie ataleimeichin cleus sents 1872 | 5 
? 
sri PG ccsacs cows cc sas. Compactoas-act-ssseeense Irregular ecvscessee cesses Smidothssusves see osecer oats NoMOWer Silurianess-ke cs accaencste s/s ocecrs 1875 | 6 
BGO eles cesses cc cacecens ea Oka cmaine ds capeiaaedeee ee Oneal ee Beceem ceo = a CLOs crete wine er mame ces ca Beer Cd eee acieete ate aileu card see caielatae ane ters 1853 | 7 
MUON ate wn tvecceccecas- [Wing etee oe aac, wees eG eee eee ee one ene OGs Pilec tet deeee corns BI OMe a | es sees ae see 1872 | 8 
HA) eee Bee eee Pere sa cs teitas Wore as O10 Renee cade sak eeces ‘Smooth, OVEN ster eae ce ores eI Ol cnc mnes omens lon auels one anaes 1875 | 9 
ie tint. -..5-...-.---. 0-00 022-2. 2s wenn een eee ‘Variable ...-..- ee eee oe Be Oi maccsmecesocleas aes seamen aera eel 1875 | 10 
JAC 0) FC) SS eee HUNG meopee ct ances aces ses Rhomboidal 11 
BlNOssea cer ans tesco gecass Bast O wecisecisntscacecvoe nds Trregmlars: scsceses x ncncris See anes 12 
(ERS oA ee Shea anonspe endl) Seebeoaseecrr BE AISO04 Rectangular | 13 
THE oes Aen rete ronice oo dH®) ciel sSencectbaéeenser anc lliad raonccse mcbenan50: See | 14 
Dir Kap LUG ams ce. oc 2 ciesac. EE Oto tats oo me rive wie cies ce cle = fem CO Weancoeddatas tae eaten ee | 15 
Dark blue and black ...... PinGtemmanel is a aawn seis <lcclslas Trregular 2---eese-e ciencee rv Siluri : 16 
PAG Rebs asec cinta senses Omer doc cesece see (1G A nr eee: Minn Bren IRE S Panes oS ko PAO sca Cate eed | haces Saesmiacee cess 1864 | 17 
MATE PLUGso sc setaints cian sinte Ma OOiaeaad ceeceoenecese 4 EBiioin poldalaacncee teens (oe eR tas clas. Ee Ow cueeeeneees 18 
AAO acidecnts we pucievulcctass ROG Pe oot c eaten ceo cee CG ee eee REN tis IEE A OL eS aa wsicle Sd wee ee 19 
soot Ween Sendouadoenesssee lands eessa stan ech es 5. “Rectan QUAL Lees wen seeks Oc Ie osece dens oseses eases: sen dOsewacecaseanc 20 
Dark blue ....-.-..- ps MiNnGeessetceciscsces cecnc 2 Reotangulatecsece secre [paencelece tueiccon sen snaen ster Lower Silurian. ... 21 
Bee CGF eee can seein lee Pee UO maesaee seceereaee ees: Trregularspoeeesssoneeee SMOOuM sotto ste teres: CE) GOP eee sastadee de 22 
Os aeetarain sales Rot aataiorcs eee Oma eae setorsan sek AO eee tare test Cole cisdatcadmoeeee chases vio ns Ree AO oe ete dacs 23 
Polite sace ct secs coe emcees PO CL ee ee ee eal OL ee ee Saat ce atoat | Sateop ame scutes emtsinaa corset wes ie or ee 24 
MATIC DING a's state cle sone lare'= PeNO acne ca mecseseaacsecs PES AOME eee et bs Sie obi Myeiuere secere scemesn eae Sis Ginetta cwaes 25 
Dark blue -.- TOUGH -s-c= dec ceteatesecss Rectangular .............- Smooth 222222. -247 igebest Lower Silurian.... 26 
Blue-black... Dpto ead a Speen aces aes Trregulac NIE Oy irene Rashes ieee Archean (1)..----- 27 
Dark blue : dO. ageseees Besa dae cl te ett Chote See eet eemens Mr Hyon, smooth essss2.ss- ee. Raidahoetcsnescrcee 28 
BlNe DlaoK -nccsscst cat ens|las~ OG Scceuctew cs ysccccerlvess Pe Scheuer heres POU nace ates reenes Se BRS | ae 29 
Darks ile Secc este cceesese|(socs COs a ee accuse ke (ia mame ye So ce oe et Per dG Satan mas ctse eeacns an eae eee Ee 30 




















74 BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 


DELAWARE—CRYSTALLINE SILICEOUS ROCKS. 






































































































































= 7 —— : 
SPECIFIC VARIETY OF STONE. 
Location of quarry. County. . Name of the respon! per an se Os 
Popular name. Scientific name. 
|- 
1| Philip Potiyracs 2 oe peitd rede ewer 
9 | Pushes. W Bl korea: seewac eres sence aan ae ol 
3 | James MoKendrick f2.52. ssccse sss seaseees ene 
MARYLAND—CRYSTALLINE SILICEOUS ROCKS. 
| 
1 | Near Port Deposit se tees roe an | COGH eee c tare ate ohn Keaven yee aces 2 as aude ceeoan ace Granité Js25- sine Biotite gneiss -. 2... oe) ansee eee 
2 CO gescccw ls beet caries cree xeon ase OOje ce soca MeClenahan &Drother ¢-- 5-62. access aenil22--Q0leccesasceaee aes upup lO S sacs meee Ree eeclens 4 sees eee 
3 | Half mile from Baltimore .--..-..-.. | Baltimore. ...-... Jolm Harris ie sere ececna ua scs sores Gneisn Sesoeeeee este 22 MO “os bie ip ecina ce eeretemloe septs 
PA ES Ee ch Une eee ee eS EASE ae yet a ee alae Ce Gill & MieMiahonvety. -ccecescseseoee ovens GIane.ct cancer ccess Biotite granite. -2. 224: eaenesee eee 
5 | mear Woodstock J ..c.<.ecaes- acces eee Ole eee eer Woalliaray Hi Vy eller: Saaa eae eee ate semis ace Se asl O\ sae ean eee BP Meee een aAne Sac ys 
6) Near Woodstook..t2 cc. ece/ecee = Baltimore.-...-- 2D VAD ieeeten pene oe ele eatin eet are GIAnite 2.8. seen e Biotite granite 
7 | Opposite Ellicott City .----....---|---- Ore ies tac aee Charles Oa wWernetine ou ceveersotsececcn ees la SLO tas testers Biotite gneiss... 25.ces eesese==eE eee 
| a . | 
MARYLAND—MARBLE AND LIMESTONE. 
1 | Cockeysville: 2: <--....-- adder sins | Baltimore....... Beaver Dam Marble Company ...........- Marble .--- 5 o..650c fee coe eee ne vc nah se om Smee ee ete 
2 | PHacerstOwn es --s8-s—0-e22 scee ae er ; Washington ....| T.G. Jones..-...--.--------- ABpPepcete de Limestone ........-. Magnesian limestone..-.-....-- Sets 
Bit acOO bis te. s ne eee weRerne eee ee shes NESE oe: DW ANU RADE VN sae nese aes as eeeieeselae ASE Ue. ta ain= SAD gas asc CO. a \- sine ao 2 se sie oe 
MARYLAND—SLATE. 
1 Near Pennsylvania state line— | Harford-......-. | Wie Walliamig dg O05 2. cocemeccecaesees amc | Slate... -/2-/-2s045ccl--22-2teue oe pecan ee 
West Bangor, Pennsylvania. | : 
0.0) 7 BG Lae ene oe at a eee |: ++-do wide nnik done | Thomas W. Jones & Co .....--.-.-----+--. woe sO foe de deuce ccda| vohobe ages nos ss eee ee 
3 | Qo: Secor see ROSS re meekO) Misiaak te ania John. W sJOneR bobo. oo. own encase seca 2 00pGO oo cca caninelcces| saw cmemeaels hae eaie en eee =e 
4 o|\2csdO Oi date ctestelciee cemeeiemineeee =e ieudOw ewer eee sn Harford Peach Bottom Slate Manufactur- ||.-:.do .-2-- 00-02. sacs] -ecen seems nie eee ee eel eee 
| ing Company. ’ 
D [aoc MAO (Gages tea ee epee SOMO che ew enna WiC; Roberts: Coy. sanecenseceo ae aes PE (| Seen Sem Par TS) ME RS Se oe 
6 | Near’ Pennsylvania state line— | Harford..-....-. | Joh :A. Barnetyce Coz cc. ce ewe ne uecwasas SIDE .<.c0eccnccvecwc/esnces soce nodes pSSee a6 ake ete ae 
| Delta, Pennsylvania. | | 
7 |-2 GO Graces tee aes Jeece een ee =| seer Geeta NS Harford Peach Bottom Slate Company ..--||_--.d0 - 25-00... ssc cd|sasmec es ce cen. = coe beans ees onan 
el | 
VIRGINIA—CRYSTALLINE SILICEOUS ROCKS. 
1 | Near Catlett station .........-.... Fauquier -..-... Chase: Andrews) tc .- sen saccesessescen sen DIGDAGEso.- ceekeses Diabase . ...5.-2.2\tsscesspe Senne eee 
2°} 14 miles from Fredericksburg: ....| Spotsyivania...| E. J. Leyburn ...-.-.-..-...-2-6..--------- AG PONIGE see wees Biotite-muscovite granite............. 
3 |) Ruckaboe districts. .22-2e- 76-26 PLONTIGG seeps J. MatChellesiG Oo steees sew nie asec. [soe Oe ae se orice atatets Biotite granite... 31 .2..cen-eee eee 
4) Wear/Richmond.- 12 e. ee enero NSS SONS ea yale « Richmond Granite Company .-....-------- Bess COVE ara aul gar ter BP Eee Sere sr eg ec ricy st 
5 | Granite post-office ..........-..-.- | Chesterfield ....| Old Dominion Granite Company ........-. Se AaLO Wiis eee eens at sims a's LQ << 0a elon nis nso se oe ree ee ae 
63) Manchester & "re kneees meer ee es | Chesterfield .... | Westham Granite Company-........------- GUPANILG woos saeco Biotite, granite. ...2c.c.sses=seeeeeeee 
7))| Wearsbynehbure (2225s see ees | Ainherst: <‘and)) Gasey & O'Connell 32:2. 52-us os essneceecee Gneiss and mica- | Biotite gneiss...............s0.2sscens 
| Campbell. » ||. schist. 
8 2G gute se sae ee es ere iene nee | Campbell ......2 BueatlOrson & SOM scossech aes eenict tee eee Gneiss 
9.) Namozine:@istrict 52... sacle = | Dinwiddie ...... Shhh de Somthalleeeeseos cose pees Granite 
LOM}. SO: Sees een ee eee os 22.00, sd sees eect Ctl cone ED ONL detente s siseesae = ee eiteee ot seas Os fern cere times oe cad ccsicc <an'seenee ees aan 
VIRGINIA—MARBLE AND LIMESTONE. 
1 | 2 miles northeast of Staunton ....| Augusta.?.....- Red Bud Slate Company ..-.......-0-.000- Slate 
» | Ordigsvilleg 222.2 assess cnsemeesr cts eG ie eee Coral Marble Company: .c.2occcce scscceeee Marble... enace .-.| Magnesian limestone and limestone -. 














VIRGINIA—SLATE. : 
1 | Wew Cantonese see Buckingham ....| J, R. Williams & Co ...-.....--..-.asen-- Slate wscss seecseckec|slcvecencet.c-eccec-es 
2) Oneban ks 1s-c acccnisecteietisematen eee ese LONE te ae tian ervers Hdwards :é& Roberti ses see soles ea eee gains QO: co Seca memedmbe| ence vetoes ss cedee an tn 46 aeleet et —e———aa 

















WEST VIRGINIA—SANDSTONE. 




























| | 

I), Wiheeling oe oon one ten cneam es nan ODIO Gree eerie Adolph SVnee & oan citeas sciinicla tees aeeteteaeee Sandstone .......-.-- 

2 See 20 0) Nema cog ane sca gee eee eee bn aii, eee eee Henry(Gunther v.22 sa-ccoce = <n- ese eeone BRC) Oth te Se ecit tases sacs 

Boob 00 Sa mateam nina ss = eae winieh ewe San cUUNE BEAR AAR. ic Schtller'& Lote. +. co no-- cuscaw meek assese es oe O ea eaianm Selatan ee 

rod Bespen Terence cbe Be Arr ees iar cicheeige bee UOigw es ane ee Andrew. Ono. coosen secede cn eesaeeenad Be aes net Secinae So 

Si) ROwles burg posse cence eee ome Preston eee ae Sullivan é Peat oss). eeeeceee eee ee enere eerie m aseciseesece erie 

6) | *Gyatton. 3.5 sce esac emcee eee a eae rs Taylors es .msce Baltimore and Ohio Railroad Company....|| Sandstone ........-- 

Pi Parkersburg. ascsserescrens meee ee W ood Seseeeee cer BEE BACON) ge. seats ecco ce Gk eee ee eee eee REPRO Meaw aaa bices cise ic 

lear cd ese Sean BESeeR Pers SAcrorc AMSd0'e soca seeee Nugent Keenan... ---ssescce net teres oer iteee AGG ce setaccccec oleae. 

BEA Ol epee Beda sete Anceatar ecelO saueaelnnas Patrick Hopkins)=.cets<+ cos casessesceeeoenllbees UG) ope sen asonaea sae 
104) Near Charleston <---2-sscehs a5 -ace Kanawha....... Joel T. Quarrier and others ............---||---- DOE ARBRS rie ogy eee 












STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 





DELAWARE—CRYSTALLINE SILICEOUS ROcKs. 
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\ STRUCTURE. GEOLOGICAL AGE OF FORMATION. a ; 
ES 
Celor. 4 
* A Jointing, bedding, or natu- : bE 
Texture. Stratification. ealanitecs: Period. Epoch é y 
1872; 1 
1876 | 2 
| 1873 | 3 
seen BUOY --7-<-2000-+-- Coarse rae des sama sas dantcaee Wiad soecce an soo, Seer Aen AS gt sep cesses sSccagc: PALOMIO AN My. sancade [ok = aie aleee en ae 1840 | 1 
Meret ui. ake ce Sen Oat eee reese emer ee tL O ts acim aclan aie lacie bohm |P AUCMMOEM SHCOLD ss Jot oacice ll me Oltn ast teca casa de oc Ueiese cons cue st ab eoOn ieee 
ian greenish GUBY 2021! Bing ois As es Gad nae Even, parallel............. Urregnianl esse -wdecse sea Sey ee ABC d Sou HPC Aa apa e ALC AAE. 1830 | 3 
Led “3.4: St eee Coarse dies 25 dean res cece Indistinctly laminated. -.-..| Horizontal sheets ----....-. Oto rot beets aioe eRe mak ae tide ciate | 1830 | 4 
MEQ ee epee oc yen lids wei } IN Oia 8 oe tet ewe ts Sic cesta wo. CONSE ciscedae os Sirlet. Iprepulars 2 scosccc can seeats Meat OO i anpeteteiabe is neha a setae Ree aaa | 1879 | 5 
EWE ak l< ae Scie picicecw es COnra6 ser dcek oxince ss <icis 2 IMOSSLY GH econ eorisiast=es Inclined sheets............ LACHES AMIEL ce ceica aol hinee ee eiaesie ce eee eine | 1836 | 6 
Mparorrray sce ses os. oS poy Oe geen aa eantiowe =e ACS (eB aaa oleseaeere Horizontalband:vertical-s sai peaacM Oise seats incl aaa ee aac sere scenes 1872, | 7 
MARYLAND —MarRBLE AND LIMESTONE. 
{ {| 
Wee eas Santas scsecas Hine and coarse crystal- | Massive .........-.-...--. Uneven, thicks-....2-.c60: Lower Silurian ...| Auroral.........--. || 1840 | 1 
ine. : 
TORDRS DIIC se wa cie'ss ssa s/-1a1> WEIN Oy sete inapise te aerial a oe eee Res ere Pa Ae ala all etal CLO se cinete oom ma eicie amie ie cigs ete fs. ctere Comeranecasctel voce dO sesee cesses | ena 2 
1 
2 
3 
4 
5 
6 
7 
VIRGINIA—CRYSTALLINE SILICEOUS ROCKS. 
PIR EEOTR icc etic us oe snes | HOM tants PS e se Soe eee MI GESLVIG «nor oeraleis hn cmities TB ikep TIPE CRIA ene ae ae MesozoiG, (UPA): sle- ae sce se wears ese =| L880 
PGW OTAN ao Sone mess ae. ME GOITETIN seeipirie oigty aces ais ata =< Indistinctly laminated.-.-.| Vertical and horizontal....|| Archean. ........-|...---.---22----200- 1880 | 2 
peter a la sicinca's den al (= Dod 2 apse eidacobbsSsesee WARTS. 6 Beenie igoncsmeror SEU SAS A ROOE SAGER eet eC Meee cremeisie afte mates ern nae'alahe atatony wats 1880 | 3 
BR ee, ies wn ain.n.clo ar MUO concn cane aan scnsca = naw’ AO) s Sinise aecalcia snes sees ‘Trre OTUAL Sos 's eisisws s oe sais SOO He Shes areas scs anseasewaeteannd 1835 | 4 
eatin) 205 Eee eee eae |e For GO! Ss saiseeeneecancasse|= Ee OO rep mcd cess saceralsarine Inclined sheets .........--- ECO ge fos es cat eae nctonaean cee wa 1850 | 5 
TAC STAY oe mataa a ainieniene > Ue Reg be Seeger Bane Mags1V.6 feasts (<= sents = Horizontal sheets ...-...-. ENNIO SEEN OG. codeebad eeoariogt panconcgume 1837 | 6 
Tie. DO oe ee ae ae (ASL ati ig as at ae oA Se een MAMINALEC. 2] = eencee sateen ITTEPUIBE ee atevesac esse STS GAGE SERS Boies] Pete: aba i, bys A eee || 1867 | 7 
oh Of SESE eee POO gra ee eee ae aeser volt MASON Ort. ree oe astwend~|| LoGlined. sheets 1858 | 8 
“Gre Biish WULY ee ok seems “Medium .-.. Indistinctly laminated....| Few joints 1840 | 9 
ite = SEE SS ese eee bac SLO eteeeyae a smite sierststeis'= gape Gnhe)Goseceeebeasaee SURGES Ssginoodescoaceasant || 1879 | 10 
VIRGINIA—ManrBLE AND LIMESTONE. 
[UNO Ly Soca SSeS soe CeEEree WIN Ok eseeisdessnio ses ssich enc Bven;, parallel c- cs.csece.-- Vertical and transverse -.-.;| Lower Silurian ...|....-----...----.--- / 1379 he L 
EAS OTIY |. acc. - ai,’ Fine semi-crystalline, fos- | Indistinct.........-..-..-. Uneven, thick 2.26 5.<5<-. Upper Silurian... esse a= scsesescass ar | 1879 | 2 
siliferous. | 
VIRGINIA—S.LATE. 
7 
Blois pPisok.---.-+--..--. BINGE eee sess nice sence a Rectangular ........-..-.. Even, smooth ............. AT Ch wane fossa ssieteaicse ccna eats nae : 1840 | 1 
SOIL acne eae eae | eae BGO ce atenscce@oneaness ieee CO ete see ta teat aoe cai sep OG se ete eee ee Sek cc celia os Ee Sse bre ence One Bee 1859 | 2 
| 
WEST VIRGINIA—SANDSTONE. 
MONS ROT Yas cee ne aa sien CORTESE Seciisins acecewenccccte TITePW AN. soa. cota sisew sic Carboniferous ....| Upper Coal Meas- || 1856) 1 
3 ures. 
Behe wan cies ad serine ioe le Eee Oe tena nisi dmintsinct 2 cba l= 2300) Sacawseccwsacietsadac| cas enO. Se geaeeaae scale Se eee eae 1860 | 2 
BBQ rae clas |slueecis waissemiaell| BML macs ccicae dels sari aisle BS sO. es Sais wre te meceya oc eia ees wey AO sce arte Ueeen SoH tp wee tee ieee ss 1852 | 3 
jae tS Bee Bam Preece SUE Ase BO SEES tS ane 00s Ga casen secre sis ccate| e-ats< By nee eoeoere A epee en 1852 | 4 
Dark g YB aoadycanae tenn ‘Fine, COMIDACES ern a5e<nus ‘Even, parallel Devonian ......... “Catskill?........-. 1877 | 5 
Reddish gray.........-..- COarsOees-coescu ness ence MagsiVGltons-saeeennes ores Carboniferous ....| Barren Measures .|| 1870 | 6 
ESIC a GR Sn Ger DOut LE DOUpLoT MM edinital es eccm stelle posit Even, parallel Siu, dOmtenecose ses: Upper Coal Meas- || 1877 | 7 
nO - scnscrcacencsncnen all. ets OMe te toot atetete wie etal ston eee Clie ccaseuccospBoassccod|(Bser ---do 1859 | 8 
= UO Se AB ASS ae pe seeeseigeae |g eUIdO se cace te ceca rcaecls tue Ce, a Ben eae Beare te, Ls Se Oe .-.do -|| 1859. | 9 
oo de ae BReSaace = Placer Coarse ...... SO ea aeec abe osc Ome see sees ieee ae ee ---do “Barren Measures..|| 1780 | 10 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS: 


GEORGIA—CRYSTALLINE SILICHOUS ROcKs. 

















































































































SPECIFIC VARIETY OF STONE. 
N f the corporation, company, or 
Location of quarry. County. Pare iedividual. Beech 
Popular name. Scientific name. 
AG Athan balan sees ete ce steelers eran Minton eeaseee-s Patrick Lynch ..-...-.--0-0¢-2-s-0--se0s=- Granitelaece-<ee--=* Hornblende-biotite gneiss .-..-------. 
2 | 16 miles from Atlanta.......-- eee all Die cmos Callahan & Welsh....-...---------+-----+- HO pleasant Muscovite granite ....-..------------- 
GEORGIA—SLATE. 
AME RoGic eManbs manic anna sieiacs ereme terrae Pollkcettecensce sae GOW Ones 65 COl aeons aemaenieele = orm | Slate... oe vececccces| «cece cerccnceensveusuani en egasiasmaam w/e 
TENNESSEE—MARBLE AND LIMESTONE. 
ly Near ROPETSVILOlrcs ec. - ese == Is Ghyaiehilsha somes Chesnut & Chesnut (Crescent quarry) .---|, Marble .....- --.---- Limestone 2...50<ccccecse ee eee 
2 | 44 miles from Rogersville ..-..--.- ----do se eaes| CONN ILASSOM! J. 25 caja ene ee isawi<ie = minim minle wa 100! eseeeeeseeeeens w0ct@O cccactweccce cusses Moats 
3 | Mooresbure) .--- =e sqssi= <r eimai] PerOs esa n ie eene ESD. Dougherty. n--ere cee aea == Depot ndacee eee 
4 | 7 miles from Whitesburg -.--.---- SECO Lets cere ss Joseph Stamps (Star quarry)..--.-------- bs 
5 | 4miles from Knoxville......---.-- RmOx emacs Knoxville Marble Company ...--...---.--- 3 
6 | 2 miles from Knoxville.........--- Knoxre ac casvee-|| PTIOTSON Ss) DLOPZAN .. cn nc oie ee ewan een 
7 | + mile from Knoxville 222seue ee nce |e ae Se a JOnM IL RGSS wuss eos hess aaebaps seas 
8 | 54 miles southwest of Knoxville..|..-.do -..-....--. Tennessee River Marble Company ....-.--- eeate 
9 | 9 miles from Cleveland.....-...--- IBTAadleyi cis sash Piatbrsic lke Gey Sra 1 Gln wera ers erent ohare tn les at ete ote oe ne Oines co nemaenmane Magnesian limestone and limestone... 
10 | 2 miles from Chattanooga..-..-.. Hamilton .....- Dominick Selarec. 7. .2.ce ss acee ce cee waren Tamestone scr cs ater Magnesian limestone....-..----------. 
11 | Near Nashville ...-.-.------------ Davidson ....... Williams & Jones ....-..--..02.-------=--- || Limestone ....-..-.. Siliceous dolomite and limestone. ....- 
1D OEE SO) fae ockte eee eee renee pie eae ClO Wetsie Semintate a CallahancowvVelslcs oteustneseaweucies acme warn AO! a chin den cutee sl oeieale Jae selene rates tes ate tata ate eee 
130) Near Clarksvilleste eee ncneanesele Montgomery....| John Conroy ..-.---------.-0.-------2-5--= sO w cede nace sen cn }ueec w ab RinGialielepcts ili at atcleta rete sett rs 
KENTUCKY—MARBLE AND LIMESTONE. 
al New porher. nessc cease seeteeeet Campbell . .....- I UEZ SU MRODS eo SONS) ce sivice a eiteete ete sarees 
OE bad Ouse een sacs caee eae cope ete as BECO ceiiecenec ET So A, BOCDING hc cl saisicn cic sstomee vise ee ioc 
3 | West of Covington -.-.--.-..-.-. ACEO GON eects ar SJpke Be GCG Se 58h Sone ace ear eLoier iacice dees 
AA SESGO: sees ce cine «eters cares sass epee CO a eens Wen Glee: Sto ects dratcecs claws mmm is ite misters ate dee : 
5 eeec.0: seen keene cence bmncamenee EGO Pace coasts UGA eS LOD ayia sea ieic hice oe ee ice a atta 
6 | South of Covington ..--.----.-..-- Kenton ee<ce---- SEH OMAB IN OOUShentememcc eee '(ela nett ae erta 
7.\ OmsOhio TIVEL saceceewaere ene aes oe Pendleton .....- David: Ww ce Vasa teem cox cece cece egies Soe 
8 | 1 mile east of Louisville .....:... Jefferson ...--.- Michael iGleaaoi ts sc.- on take ene cele se sl are 
GG) AG OUIS VL Oba rere rete te aerial oars COUEE Seria reef Ci OL AIOIIS VUNG, shoe awn icteinisiste mes eie ee eiets Pee 
10 |..-.do En OO Reo erneue es Dennis Maloney. .-..-.-.... de tbeaeh aces cua Se niet 
11 | Louisville Jefferson -...--- ASStON DI Jane ceannscacceelitins acctccemeccet 
12 |....do peed O le Pieeeeccers Joseph Nevin 
IB} eye atskn 5.00 coeaawsceiae George Faust 
14 |... do Bite LO seer otis John Jamison ate 
LSieerdo DEMO em ameenaae ‘AQ WOlOCHER Ss se culecadennass face does exes Be a 
16'| Leaches ....-----------+---200-- «+ Bull bh cee Louisville & Nashville Railroad Company.|| Limestone .-......-. Magnesian limestone....-..-.... paca 
17) exin obonteecesceesee esse cement eee Fayette.cte.:.- City Of Te OxiM SON ccs ocsimoneia bers nee are seckGO Jacana eee Limestone.ic.i cece ecaencnst Aenea 
18 | Near Bowling Green! -2------0.c+=| Warrens ec... .- Belknap, Dunnsville Stone Company...... Beet TRE See rere Bituminous limestone ..........---.--- 
19 | 24 miles east of Princeton ........ Caldwell ........ Princeton Stone and Marble Gouspany oer 4 Ws AGS ee een eee ab edOG ivicoes rod eae hve he aaa 
OHIO—SANDSTONE. 
1 | 3 miles north of Wakeman.-....... IH eeme ached NI CHOU SeeMil Ota aersateraeiaacteeia cena ironman ae Sandstone -c..c ea- Sandstone’ .t.. 60s. cpce cnn eceme eee 
2 | Berlin Heights St d 
3) Brownhela <2 ----<s-acee cewmesees 
4) Amherst. 22 cic tee aeneesgicleestonae pastel 
Dull ee Waa acincksewne te ee meee ree noe 
Gis Amherst ics aaotecteoe scene ctl sere ce oraliestecce cere | Amherst Stone Company............---.-- 
Tlis< sO, Bains Sie oacae lee Le eee mee eee atcEes COME ce swans NWilBOD a SLO OD OS. wees sooner ee ae ae 2 
8 Ae Oren aets he oes cee Cec eee eects Poa O eee sre streets Ws HiBryant Goce aes econ teleless eae tiseisties 
9 PRON Ss ce esta a ncmer serene remap OO je sceiatastos ey AMG) NICO See more tew eee eweaemeae ‘ 
LO | ce OOr case estes eae ecsmenice ea casei eeee Oi panmanene Clough Stone Company..s-....-...-..c...- 
BI (Ono ts Meese set cchop sac Jy odode MOAN se ees eee ae Wi We Millen S ooh usesensarenes == cece. 
B bsol DUR ay ee tees te Le Ne ee ara 2 we Opes aoe Musseyi és Cos sceae dansan uscceencteeeaeaets seme 
LOR G0) eames aoe ee ee ees 23 OE saa Tig OMDIW Gller css Stas scant sserenteccemes esas eee 
14 | 2} miles north of Elyria ... .....- pray CL OWeiras sire. tars JOhn Hs chprath Mes emerenee sc cman snes sacle Sad 
Joni aid @evallel 2 nee eheseeircee cctee OO te teebes oe BH us BOC Oxap wntowlcnas oe beeseueos neces 
LGM Wes bavi wise estes seeceeee eee oe Cuyahoga......- Columbia Stone Company. .......<.......-. 
17 | Olmsted Fallg........----...0r0e- of abo Bean L. Barnum ........:- ialiipintiencces O° 9.¥ : 
AS Berea ec eee ee techn as meen a0 eee ees McDermott & Berea Stone Company ...--. 5 
19 | 3 miles east of Berea.............- odo deemaias Barnard, Ratterty. ooo. sss .2kdcmnceamenmene mcrae 
20 CROOK YT eae atete a tear nares see elle do ie. Jiceenee JOCOD OGD Niccmeee ccc. ssns she an sce meee = 






































STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


GEORGIA—CRYSTALLINE SILICEOUS ROCKS. 
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| a 
| STRUCTURE. GEOLOGICAL AGE OF FORMATION. = F 
\ E Ss 
Color. & FI 
: : Jointing, bedding, or natu- “ A w E 
Texture. Stratification. ral euitace: Period. Epoc é 
Blue State REG SULA Temiate eee eotatetnetae stale ArehPan.*ccccskes|s seers can Seva asicney 1854 | 1 
ses De CV este eerenese a aa el | ee LO leew isles nec «! alee aatesitr| (sam wine ciniecieclesianmnnisie canis Horszontal “ands inclined ||Pe-dOeersvecas-coultscsetecesaaceneess: 1865 | 2 
sheets. 
GEORGIA—SLATE., 
| 
PETG eis ae igs bsacew ease | Bip bir hd See Sei Arrepulart ec. seeeetie esos Vente demincccte messes ae | ATCA. cacts carlson tecoon eee e tee | 1859 | 1 
TENNESSEE—MaRrBLE AND LIMESTONE 
Variegated .........-..... ' Fine, semi-crystalline . -..- TESS Gla creeeecincinbesone EPHICK noe aseeeess ates ew ee Lower Siluriam-sciesessssecee cs eeeee er 1880 | 1 
— crn i Te ae pee eee Fine, compact, semi-crys- |..-.d0 .. ....------.--.----|---. OG eeetnae ese tica coe bie AOR. ae ones eee ee eee aon 1872 | 2 
talline, tossiliferous. 
EU Onn ta cadg Sead sen caciaaes Fine, semi-crystalline,fos- |....do ..............-..----}. SOO see cinch aie acteerrajs's seis It's 
siliferous. 
ROMEO ORG facia seebanwosecemt HEED Satigns Saconeos ssa cope Eee OOM is eestaceciieoeis sine cees| sass OO scteasciosacines jeiosias 25 
Pinkish gray .2.-..).+=.--- Medium, semi-crystalline .|....do ............-.-..---- Eireata to thick 
ig (aE Sore estriaee Medium, semi-crystalline . eeeeite stood gheodedeue rhe thick 
erate ee ee eee eter Ole sicx sue cise acscesece| eee IO eee ducessdaseer sete ick 
Pinkish BURY cacanies sacne- “Medium, semi- CEYBDALING Whee es CO become ace cidem te ee arial = an AU: cdocrametoesgaere Jon 
fossiliferous. 
pe ae aee ne sie desta Medium, semi-crystalline .|....do .........------------ COO eee eee ee ee orale 
“Blue- Shiack Pe Hencce aeeeren Fine, compact eye taeitprateanatelavaiste sis (Ye paticiGearabacreree: “Medium to thick 
Medium to thick 
.| Thick 
Medium to thick -.. 































































































PNG seensd sedecs oceiselsss e's Semi-crystalline, fossilifer-| Massive ........-..-..-... Even, thin to medium...... Lowers. Siluriany |staccoecsceseseenece 1867 | 1 
ous. (Cincinnati). 
PREG Oem siscsc s\elsinionse a caal|o =a Oia sraeacce cs cides. eee OO ie eeandesitsoemss coe sells aU Onenaseiace seetocatescall= eed Otar sericc sete c|| @asnencmaeanesmecment 1870 |; 2 
a: Xi Soba | POU ese sac ce ein wees PEE O ences cee ot ccet oes: poe O meee aren tae eelewtmealle A22 dO eva ce Neate gail enaecmeitc oats maa 1870 | 3 
PeeGOie weave pices sn scsssce<s|(- BOG) thas Senck aimistcas cess = ee OO Mr tecees cee were es eae|s BECO aia Soe stone ca <a sai BA (ie eee ier Bes Sree rea sriod 1878 | 4 
MBTUOMC. decne sc ceesttccc si See GOhesace veeseoocee ue oats eed Oe staceeeseseseesastl: PCO Ose enc ee peor ene -ocelae LLdO. 2s ncutsccsdes' [seep cone aenee aoeeae 1860 5 
Sea em eesiare arsiciniein Avic\ciele Semi-crystalline,fossilifer-| Massive .............----- Even, thin to medium...... Lowery Silurian |\csenssecteesee nesses 1876, 6 
ous. pean 
Berti recs sas cacsivizcccsalss BAO ccs pkectonton eee call PeedO' Seeeacegeecee ee concer Pr LOM ee ae cee ee ccrea elle cow O ab tomer Seater te mceiac sate cetera omiee above i) 14 
UUPADE ctr seds's<sineccscs ns “Semi- er eine Bee walter ER OOIe cette sass wateract ‘Bven, medinvm:s-5--- =. “Sub- Carbonifer QUS||sceecmennneccmecares 1858 | 8 
Pe ADs re sa niee s wcadewicins e's eA incpecsecaaate oes eats BO eas wo se Oe ne ae scien Yenc Poe aA aja SOO seihe Sans ue en) asec cee cates merere te 1870 | 9 
2G 2° 3S eee em |e dine ein ae nt peed O nse tap eoun cates ce: ‘Even, Ehid ke eee Sass ee case se 8 O) ib ccbisin So ncte « [oustetacee ae seme 1879 | 10 
IAD psec ais aces mains ais Semi-crystalline .-......-. IMOBSIVe ede cores setcec-ee Hyen, thickies.scckse--s <0 Sub-Carboniferous}......:..-.......--- 1877 | 11 
Pe SNOWacas cx des cen soeas a)a!2 Sp UG ise cenc eet eee ee Sale Sd ome ceiae st ee eee ae Medium to thick ........-. bacd OM as cucs onelcmmcnenemeaciee eects 1850 | 12 
PAO Meret hae coeuestecss calls S@ig(t mee ee Shee Se eee ERO Been eas eee een ee J Sat neo ae aneen COearee oct. O/ 852-06 Seba al banew meester eaten 1870 | 13 
Pe Ga sas aa ecokinnss ae FOR RAR AR REE Pe Seite Ie DECOM een pon ee cee ceae Even, medium to thick .. Sas00 se catetice tale eee eee eater sects s 1855 | 14 
Pee COM ce otnns Seas seas See CLOp aia ate ise teateeen cells man LOM es rece eee eee ce lcm Ose ee ese onecueee es ane wee O: ste2 cea aea aa toe ceemernenccseeoer 1865 | 15 
DPD senses <n aian ei’a vases ee Medium) fine ss.ce-- 41 IMaShIVGlecenccsecceteca=es ven thicks. asceae a= seems Sub-Carboniferous|osses=--- oe sees es 1864 | 16 
CEM Vicetiee since ssiie saci eis aioe Semi-crystalline, fossilifer- |....do ...........---------- Even, thin to medium.....- Lower Silurian 2 o:|:saccemeriassceeecmas 1850 | 17 
ous. 

PO Ohm ns de 055 scans cee = Granular, fossiliferous’—Jsc|ha dQ) sdaece--sccssccnnco? Even, medium to thick ....|| Sub-Carboniferous|......-..-....--.--- 1872 | 18 
Bee eatomsscicisccsscs< ss Oolitic and compact.-.....-|-.... DOmeat es scence eee eee VEN ticki. sce leccsss Raa O aa cebes see laeee Sarscmacocch veed| eri hae 
OHIO—SANDSTONE. 

RUAY seek akerscssecesss sus Medinm Wietcesccs pacrsees Variablects-ssecce s-25-2- Even, thickness varies’....|| Sub-Carboniferous Berea grit... 1876 | 1 
MeEOO So secscces sae ae ane ate Oa fas s seian aeemioee oceans pt eel Ol a see cet cole neteces ac iclle RETO Serenata esate cases Pence sacicie h saeianicls a AO eeme tats 1870 | 2 

ono SUL e CB SOE eet pec OOhec ct aces acne aes BRAG Seas eeee oe ie oe nls BG eames ds ae ceeeealie Be OO raevna sa ansicalace EEG IMS Sas Se ae h ae 1848 | 3 

PesOOi sass eanschoaseccssces TOO esbennckdcwesstoseeoele Bt Bs tein ene ace eee Porat er cc ca teesaeee os sini Oise cis a hwia aioe rete aiatar Gliy sobs eases 1856 | 4 
PPO ee cae cotincn cas cewlle CO ee eee ce ee oF a7 iy ee ey ee A | BE 0 eae Oe a crete SGD. Senses ceoesaleeee rs Cees Reece! on 1870 | 5 
Gray...4-.-....---- Prelate ms Medium '<5..-cns-'s+-e seen Variablescko.sscatesasss Even, thickness varies ....!| Sub-Carboniferous, Berea grit -.-..--- 1872 6 
Pe OO. aiak et sn ca ee tases FAA: Vries ene ee See eae |e Bs AG ene tee ee ek BE tr ne eee | NOs tae ees ee erar eer dO fase ie. mea 1855 | 7 
e200 vauiwes caheewiad ae alee er CO was.oe eet ener wes PES cp eee) Meee Stee erie PS HS aac OBA eee Eee WA UOh suse eeseee calle eC meee seas eats 1874 8: 
aeRO Ysa oe mae tied tea ktenisie s PEO eet enn sees ce soaaste wt 6 01s ee SON cae Nee a a en Ie AG here tt Gos eee seate AGT ousae reabeee te Pe nee aa nos Mee 1845 | 9 
POON. dca decaccmeccctase ccs POE Ci peak ee ae eet Aa oe Be Lats ye ere aa Geena Ie =A ET TRE RSE Oe eee eet pete Wid. Secac xcaeiare 5 eedOnycanse --.|| 1852 | 10 
GTAY --2-02---00~ so---50e- Medigiitens=.s\epecnices =~ Variablocsecr ssenerercsecs| Even, thickness varies Sub-Carboniferous| Berea grit ..-..--. 1860 | 11 
Ooo a dwg ce sn oetiasndace= COI nde cca oe nae a. alae fey ee aap ty aan eet eae WO eA no ieee cniak sees BORE eae HAE 2 Os oaniate'visrewies 1871 | 12 
2 eee ey sce rar | PCO can phates Pao es SO rae ee ers ees DIME AG cas noes cccuenmeeiseaas Sai SNeSesaee (se: Soll Oseaeee eaine doles 1865 | 13 
ee UOrs.c 236 occa cave ses trae edt nesters ce cokeees tects Nt Orme Sesto es Cr Ss BAS Se Secce oer PRA tencrncecoad Ba OO scene sabe slat 1873 | 14 
Me Orch cs cae de tae Rene ee ae A ed ats OE eh an 3s alee eC Ca RE a eee eis Pike Ares yk pee Be Pa tee ea ees 1875 | 15 
vayegeeess sas seuseaee eens MGdiginitae os oo sees scat Varia blOlsse auseies =e sees es Even, thickness varies Sub-Carboniferous) Berea grit .....--. 1867 | 16 
apa SULQ Gains a'a'd a's Salace din ciciomin clot tates UG caemetinse tec awake oents PO CO oe oa sae ee eae Eee AO ce aac aetna mate sass cle oat COUR caste wesies sis He OO een sae eepean 1855 | 17 
Mest paseo seeacanssecseee LER le acs ROAR OREO ace Ie Se do PL eee aL O nee eters meets ars Ra ye ee ee eee sen OO te smocaeeeas 1840 | 18 
Beets aacbcns vccvaundneuet Mediimisd 22 ceasjincten secs PEC ON A cua toe eee ena ‘Uneven, thickness varies -.||..-.. OO erence sec talciaes 0 gecin esters aanie 1876 | 19 
Pees csseoUsccshshasses call see GGroecee eee one Coarse esses semen eee | Even, thickness medium ..|!.... dO etesen nee vedtose: dO. so sceoeosce 1840 | 20 

















BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS: 
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STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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Giayecees seseenes oe sea eeee INGE an erst ctentastsntee | Fine and massive..-...--.- | Uneven, medium ........-- '| Sub-Carboniferous. Berea grit.....--.. | 
Dark gray /2s2- cee oseeeee NT Oe tse oe eee Not distineh..a:.22222s2.5-. | Thin and smooth....------ Wer nO) es cameesecens ee 0 eet eae 
eee GOs 22 e=cccssesecteeee Noe C 0) 6 Ga U Ee ere KSeOe 1 SUG RERUN eC epeebeccm es ee, Meee Gta A Jeon Geen oeme eae Ce AaeBa st ceo Ss UO ireaeedecor oF 
GURY sesso secsss Se SERS PROMO MEL Seats e ss oboe. | Fine and massive..--. ..--| Uneven, thin to medium - Nee ee Ore nts etcetera RECORD nase eee 
Pele geree tenes bunise pee dO drcess ssaieaessessires Co OT ceeae ane rene Leiinada Sen seas ere pe eere -||-2--do AERA R ES See er Feaiaa es sees 
| i| i| 
GIBYieR Ce salen ts eee PUI Oe ec ee etn asics ac | Fine and massive ..-.---. ! Sasyes thin to medium ..|) A al ge sere 29 Dey er eT | 
ee WON ae en tak on castes PO Ne at Pe See ee ses en is Nucw ie tae aoe seae (Oe anno eater manner pene GO . een ce en-en elon =O 2 ---- 22-2200 ; 
PAO vecec sat vteecst Aeea es fi) ceo Ane eee ae do --.-cees-------| Even, thin to medium..... Ween Ogesenmacr mn eee) ae dG Monee. = eae \ 
Sav OS Sea ae cbsc Ona Te S PEG). ea ae ene rdGisseisseseeaceeeeee AORN ae eee eects | dO ote ee Hee GO Sch ae seeks | 
ee CON tase saat da pasaase GOR chete sas iewons BMassive scticen eect eee UE Veny MOGI es aaaae seas On see cet eset cs NER AAG (pe BRED OMe een 











80 


BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 


OHIO—SanpsronE—Continued. 






















































SPECIFIC VARIETY OF STONE. 



































é f th rporation, company, or e 
Location of quarry. County. Sains. OF the fodividual. ered 
Popular name. Scientific name. 
OliiNe war ceesccerouees ease eee Wicking) se ste a James Coyle -...-------------0---sseeeee Freestone. ..-.-...-- Sandstone ..=....:.--;ssssh ens eee 
92| 8 wiles east of Newark ....-.----- WN iota Rees Charles Daugherty: -..2-220-20.sseees--2>]||| SANOSLONG!--2..--- 2c = £4600! Soin dd ce oe cba cece eeu eee 
OST SeeR MO Mae tomate meen catine sibeteecalmes do OSZeEMGry ee eecctase< erence eee oer Cp OGie adure «atataresttias|(s SEO sia ces sin winn wcteouee saved tae 
94 | 2 miles southwest of Coshocton...) Coshocton Moses Cheney so -22- ncn oes eeu cme nmens reals wee LON.t anaemia mae al|is beet CL Onatersiaiars Rae iate  iate os'e sine siete enon ete 
G5 a ROSCOO ero aneurin ce ee arena [sae Oot ek acter Robert: Dickinson)... o--- s<<-ses wees as-]ia==" TCS er Boer rid 755 2 eQO: sccaudovees amSeses scene 
OG WHanenville..cs2-seenteccesseeiecg= as Muskingum ....| T. B. Townsend...-..---.------+++0++-00--- |, Sandstone ..-......- Sandstone ....-...6.sss021= sss 
| 
- 
O7eCumpberland se. cscsee sees acess Guernsey and |....d0....-....---------2 core e see ns cceonne: OO em in eee raies| os MO views wtsiopa vic calv'cta Hlestate(sis sere eae 
Noble. 
98 | 24 miles northwest of Cambridge -| Guernsey ..----- Samuel Barr ..-.---.--------------+--+---- \insneQlO' Sai ceeccs ene seme GO dices cindierd de ceevee serene Stee 
99 | 2 miles southeast of Tippecanoe..| Harrison. -..---. Robert Hosie........-.---2e-.----+ eneee ee BEC UO ene asians seeeeelte ser OO de cepsevkctes arenes sadenetiesaet 
100 | West side of Steubenville ......-. Jefferson. ..-... Plots: Brotherss-ssssseneen=coseeneemeeee JOO Rieedeogaessconeede GO sewn beduckisee Une ene aaa ee 
101 | West side of Steubenville .....-..) Jefferson ....... Archer S) Boe) (ane cseeeeseceeenas seaeanaas Sandstone ........-. Sandstone .....020cssseseee ee eee 
102 | West side of Martin’s Ferry..-..- Belmont ..-..---. Charles Seabreght issn es tuicce sshesscisne sae Bs AOS sem mati aninesaee | wn QO fone t enon cms on nee eee 
103 | 2 miles west of Bellaire........... Ay ene Jobm Ra Robins0nsss.e-oerr = -eeone eee ener Ei tlo aemm ee plesk ter BA | SR 
104 | West side of Bellaire ............- Ope sae oe eene BWC shoe el OYE Be A He Se ceBomicoaasce oc SOO p sisa tee iene mamallle PP Ee en 
LOS We wis Mills: sas Nemec sce seeessrc enone OWES aciesere ot Joseph Hutchinson 2.2. .c0 e+ ce wees sewers HACC Core mstetn assim menue (EP on 
106) |) Barnesville’ 22-2: cesa ssc -eecenl Belmont........ Baltimore and Ohio Railroad Company ....|| Sandstone .......... Sandstone «..c:~<c-':.-cineanls ieee ieee 
LOY | Marietta soccr -.<cecsicrnaesiesass a sixes Washington >...) 0. 5. LO wnsenGce ees sessces=ne eee 
108 | 2 miles southwest of Marietta....|....do ........... Gs Winch 2s. steecenes tease Sette eneete sere 
109 | 6 miles southwest of Marietta ....|....do ........... Marietta Stone Company..-......--...----- 
110 Be Ome se cbs cicero ae ane nlee tae a | ae ae Constitution Stone Company......---.---- 
111°] 7 miles southwest of Marietta -...; Washington .-.-| P., . Cole. .-0 2.22.2. cewcncencesauancuus 
| 
112 | 8 miles southwest of Marietta ....| ...do -.......... ) Di Brigga. 3s sscceccetassatecteeesiten satu vaslOiL cposce nese eeeans 2 550) cons ove cana 5 ewan eens ate tes maaan 
113 | 84 miles southwest of Marietta....|....do .......-... 1D BY Calder: \sacen 3.cm aneaen a cee nee cee ‘ z 
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119 LO Pan oss cer was sen ce eerie FLOCKING), ieee a Weitzel Brothers ee ames ome eerie 
L200) BIROtONTS son aa nc Meee eer wees PIG) jcc ewe cea Bays’ & Green 22 os2e aseseeee ew cmece tetas 
I DAN | dea Oe Sot aS oes eee PikGeceneeaese Waverly Brown Stone Quarries.......-...- 
122 | 2 miles west of Portsmouth ...... POLOtO Lc eee eee Reitz, & C0.) Gas sctackoet eee easearee eee aiat 
123 | 12 miles from Portsmouth.........|..- SOO t-oec eee J. M. Inskeep. -.-a26 ee Srasacteaeaeeeeee : 
124 | Freestone P. O. (Buena Vista) ..-...|. PCLT Ci Bayon oie ne Buena Vista Ficsetous Company 
125:| BRG@StONG!. Sac, Cesc case ee eases Scioto & Adams | John M. Mueller .-..--..-.-------<.------- 
126) Rockville jos. ~oe tesien sees eee eee Scioto: &Adams:) W./Jistowartace- seca sant-mnsinencceeeare 
OHIO—LIMESTONE. 
1).Point Marblehead <2-2 2 -socee se-1s Ottawa <-22:.s2- Fred. Roesling 7ilc.csce-5ss-nssesneneesene 
2 | Clemons)dés- Sos... steces ce eencceae mete ¢ 
3 Johnson & Clemons ; 
4 W...A: Clemons J. o.oetc oe meat eee cabeeneotienae 
5 Ohlemachor Bross. 252-020 sens cecacee pacer 
6 | dobn H; Hndsontw.sssssseceentee ese atacet 
(fe Be lay ee isp e sis smis sis =e eter SPT CS RAE 2 Roe John H. James: 32. <.scescs tocncoceecemeees 
8S OlngoN's 1S|8NG as. e anes ees sane dee a Ki ene ae ae Li Bo Jobnson'& Cov. sae scanseun cae seeneellls 
SOW hite, FLOuse..s.gsen seems tocgsee LnCase te csas, os Pray '& Hallion. s.ss5aecvcscen vane naemeorlts 
10 | Smiles from Weston--...3........ Wo0dee scr emen ss D'S. PUG cc ascevespe oes tee seehowsamitemenelis 
11 | 1 mile west of Fremont........... Sandusky...-... Quilten'Brothers 220. s-ass2ee-eeeeneeeeee Bituminous dolomite.........- ocanmese 
d2veKelleyis island) sees. sees rece oe Brie! .c 2222 see IN. Kelley: & Cos. cdascnesecsccceceseeveasalle Dolomite” 2. -.~s-<s== a. feceees seen eoee 
13°); Sandusky: 2225. tesen see ese eee ee dO Sere ae Ira. Davisekocccsscsenens ce cenn one seeeeeie ScOO ee scicae sacs ne acct siaee = ls slelweniniae 
1A 0 Ope aeeccitrne tea cee eee me OO Sd een a oe David: MeGotayscccsep ecco cette eee wa1O eels Ho avin caw awine's os noun an nee 
15 10 Pe anase cae eo sass eeeeee ee uale pee Neco se ks Watson Hubbard Sa -OGeeacoce sh esesk canta aomee scseneee 
L6WsSandUsk Vee seca we cone eee eee FTiOu ns see eaneee Charles Schoepfle Dolomite.-22. 25. ces sccee dean eee cee 
BIG oO le oie or dtmreinta ne sete es EE OY a AAG sehr Ambrose: Lich scescen cote ce eee cee eee et eee Bituminous dolomite ...-... ocaaaminene 
18))..-.do Sentara cae he BOON see ee Michael Callan |... ...252-22e6 Dolomite .c./-c-s<y owe serene = aaaeieies 
19 Sho eee ceeat sated anenosese ao a: ae Michaell\O Donnell ers ea eee eee Ole eee eee aes Ose hes cee eon ones bcse pao eee 
ZUM EBloomivilles sce seer eee eaten DONHER socee eee Pred. Seavert: c.c sels, eee eee Magnesian limestone ............-..-- 
PAI AsO ey pills Aan Ree Gt Seneca.......... AZ Reichert t-22-cctees prsas cece eee eae Limestone .......... Magnesian limestone ........---. aos 
22 ia One ne aera oan eae oe cee emcees eee Rear Heane EVE. Rranco'csscescssescaccers cao eeme nee See Osee do 
23 | VATS a rela ec cetene See ee ome 2 doris rn ccec ee Dy Lig King ag. ac aeeseee cee sokleee eee PEO ee mcctass sete Bituminous dolomite........----.----- 
24 COO area. Saee seeeeeee eee do H. W. Creeger do d 
SHerinsen SES -penheese | 1a WG. jes.cles case cis cocacinle neem sm 2n|| uml Oise cae sc awa tls c's - 56 0) e te cn atarcie ede atte eee 
20y ee OO ete cce cient tee eben tee aoe b4)00 cuepcecccesi hil & GracsnanAci.kcssccsc ah eeeee Be WGieecacccssscece|seee CO, vcce Shen soaps a eenonae Sameer 
26 | Holmes township... Crawford L. B. Gearhart Li i 
olmes township.................| Crawford ....... 3. Gearhart. ssc ac sceces desiceesceenesee imestone .......... Dolomites: oc <2 fcceseennnneapecercoses 
FH te yer be ede decir erecta eee 5a eaeneD ee Pressnell...... Sst eecteorey eee BE AG Menara eancstees Bituminous magnesian limestone ..... 
29 | 1 mile east of Findla Eeido ccatuss jc} LMerahoy «fasccss.0) encase ll a ade ent ee el a casa 
miles southeast of Patnamaceeeeaee John weer cove aeorenee see se a, a eee ee oeLOO ie eeenwctaseee Bituminous dolomite..........-..- aces 














STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


OHIO—SANDSTONE—Continued. 















































STRUCTURE. GEOLOGICAL AGE OF FORMATION. 2 
ES 
Color. = Ag 
tre a Jointing, bedding, or natu- || f w & 
Texture. Stratification. a ieinaas Period. Epoch. 2 ss 
hs | 
SETA ane! oe eee ensie ssne se Pan Clee sare oo sisi etatas Fine, not distinct-...-..... Ven tNiOle 2 as aen1- <'-0/2 =). Sub-Carboniferous} Cuyahoga shale .--|| 1830 
BERLON he soe ac aoc scekule areas @OALSE ras evan eaccscees ce: Coarse and massive.....-- ee AO seen ae te eee Hen ; (i Meet) ee ae want Waverly conglom- || 1834 
erate. 
MOPS ete ons es ieee: MEER ae cco wt clad se ab esea ee Se LO) ee ee ee bese sisasceee ROO Fen an ne eid cocina cee tas MepeAa S, Sa oy heathy ae BAL Cie 8 bt dy 1834 | 
cea. and light red......-. BRO eerie as cing sain crore clalatels we Ol at Baa eh cian te ls act ale “One 30-foot stratum ......- Carboniferous Lower Coal Meas- || 1880 
ures 
a Se AC OEP EOE EEE Bere (0. Bee a were a atacte laine ee Mee Onna alan canes. sane toa ae IBVON Ee see Weise veie man incon Ses on Jeno aces xs <s a HEE rit os 2 1830 
ATA ea tins ten cna <=\pe'sa cs CORTSR scnseaeweaeeiinaes ere MIGSSIV Clee eras seecer=e One 40-foot stratum .....-. | Carboniferous ....| Lower Coal Meas- || 1868 
ures. 
col Ge Medium! 2cnaves-o2ccae oe Fine, not distinct.......-.. | One 10-foot stratum ......- PEE O lace saatoe ces Lower Barren || 1855 
, | Measures. | 
GTAy 2st o.< <2: Peessdeesease Coarseheanten sees eae 2 MaSSHING)essaeraseeantee as) One 12-foot stratum -...... (ie 0) sb etern chectas srieh 
Scent 2a ee PG Chek Sree ae HEE OS Coarse and regular ....... Hivetithicks eecctae acces PS OTe ee edo 
S840) Soe ee Pee) GOs tes tab ccmenes seeeeee Coarse and massive ....-.. eras SEN Se he EMT a PQ tee alge Upper Coal Meas- || 1870 
ures. 
UREA Nea cece gs lc we ees acs ODF eri cere cetetote ged Coarse and massive....... PASTE MUS 6 See Soe pacee Carboniferous .-..! Upper Coal Meas- || 1872 
ures 
MEAG 2 c58 toc Saccecacecue EEN Ota eee oie ates sa ae Coarse and regular . ..... One 30-foot stratum ....... AEG hp cen poe HERES AT Pak gs [egret ee 1879 
PPO Ra eo Ken Oo. RIO) Mate teenie ton tibiee see IMSS IVGie ease ene <cee ne SEV ONG CUCM ota atcicteverasstelcic’« SAO ¥eomen eases See ACY thee se ae 1875 
BELO Ne ease oe Ae ecisie nea nce ce Mediu Yises csc eifoas es = Fine and variable ........ Even, medium. ....-....... SSAC A De ey ss PE UO menace eee eee 1865 
PO OMeiat : cadaseeadeteecs Woaragtsnenc se seeaniose. cee Variable and massive..... Broken and irregular...... Se COVsee a dcs ae ee Ope tee oe caren 1850 
Oo CHE eae eee ae (CORREO) cewies aoen t= ise oe Coarse and massive.....-. One thick stratum ........ Carboniferous ....| Lower Barren || 1867 
Measures. 
Peete aaicaics ssw ete cases Meee UG esa cloeinismivelss aia oer RCO mars co oe aickecna ses ace Uneven, thick...........:. BoA G Gs ph See eee Upper Coal Meas- || 1880 
Rad tide siidcn ss ceccavee MaMa ble ess cava. see Coarse and variable. .....- One 25-foot stratum ....... GEO. se ecesee nae 
BLOM sot es ons sisce cas a0 othecataemenuiciiea vane se Obes tee aaiee ee ccmeces nae O nen tcclgnscttesasaeascas RSA D acecee nes 5 
Pre OO Teco ccs cccecctess PE COn sets ces bite eae aee oe BOO see sdess cote ae wale Bed Oisesttoc reise cticic skancs « eae Oneteneet aooe ot 
Gray ..... Gananscese senso: Variables vane cie= on pateseoc Coarse and variable. ....-. One 25-foot stratum -...... Carboniferous ... 
Pan OO en sae stapaakese unas a SCAG me aLeatanwee semen tase GOWAe Cocca EE AES EEAnee Be OO Noes Shc weltesnn eee alate ECO OMe acess ss 
sea) REPU At a See ae an Pet Ae ee aaena cea Seatac tcye.cee MRO ete ciste cine a cisiaiara stale |Weechos LO iain ate ata miata sic gs ays ole pitta CONSE AS tlietslawy = ate| reise 
Sen O meee dae naeeldeve sss BAGH ie) SAO BSAC ao emeae TAO Cite aaa Soceut yan cs AGA aie Sea Fe ee Be eLOWs Vee eee seelnig do 
BNaOQtsee teas tars ie uss thes RYO sci Sesopeeerseorsace IMASBLIVGfsesca sees ocads ‘Even and thin to medium..|| Sub-Carboniferous Cuyahoga shale. ..|| 1830 
Gray. and red -.--.......-.. COBTSOM tee peicet tesa sar VERS SV. Oherstoem sia ee <i sere =a | One 30-foot stratum -...... Sub-Carboniferous| Waverly conglom- | 1865 
erate. 
Gray and brown ..-........ Coarse and fine ..-........ eoee and massive....... viens CHIC coc etias les. 
Pe COO a sdaei oa kes sce he|l2< 5. Ose as thes etess ssabee Ore ete aac nae 5 Be OMe ta eae ue ec ee nat 
Gray 2:2<- Lebo be peeOneeee Coarse and conglomerate..| Coarse.........-----.----- Ac acer 2 2 ned 
MOOG occa dscdic- vec visece MU te ara we sas cee Glale sine MWiaTiaDlGy wes cerita 5 gemtscs ‘Even, thin to medium ..... i 
Massive HVONs THIGK Te miarcis cscs ss 
PeeeLO Even, medium thick....... 
21 dOine. Even, thin to medium..... 
dO hors Even, medium thick. ...... : 
Feendo SsOsae ais te cen wae alae 
(Maasiviesstonjac-2s-e esas: Even, medium thick ...... Sub-Carboniferous; Cuyahoga shale. ..|/ 1814 
































@ This quarry, though opened in 1881, was considered of sufficient importance to have a place in the tables. 















































OHIO—LIMESTONE. 
Semi-crystalline fossilifer- | Massive ..........-.----.- Even, medium to thick ....|/ Devonian i 1830 
MENAO Bet scscssigasceckseets sand) 4 1830 
So SHUR aReine SAcoSnabaccp top 200 Lees 1830 
ee eOES SS sea nAgenesconddcs ea 0 Bao 1830 
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BRAG Oe cS OR ODES EESOCD EEE Pes | eee 1874 
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ular. thick. 
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ime). 
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ous. 
eer Oisaeedis ce taislveneeceaas ee Aas SEE URS ene -|| 1837 
Be AO ets tees tciae & siseace nes aCe cae ae nad. COL sen aeene ees 1837 
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Semi-crystalline, fossilifer- assi q : i i i Corniferous....... || 1874 
ous. 
ee O recente eicaculaw © atc mate ae [eaters Abe bots Ba Faeries Sey he 1873 
Pe dO Reteeacecse ones Beis aac Os cha es ce amine 1873 
wee7O slams , ee ao, Be iG Ge Sei Sas the 1873 
SeeeUOtannee cess at encs doeelaces ene eas Sot CO) setae meen 1877 
Semi-crystalline, fossilifer- | Massive i i i Corniferous. -..-... 1850 
; ous. 
apse Gin pensar ce ndesdree an een OOmeenaberacc secretes cee aan -.do pecs sas nmoceee ete OBO 
oe AUTEM APE es aes Vesicular --| Helderberg (water-'| 1878 
lime). 
on SiS seg ade pee eos ene wOOLSGtals sisteiawtelnisigiss seis at satale aecr, een pas QUiecsswaecon was 1868 
6 AGT oF on oncepeprenoeo ae SUA GON Ses oakicle sis srateonare al wales strata eats SEAT Seay cence ee 1862 
and ‘ame gray-.... Compact Corniferous.....-- 1866 
Drab Be netnn eee ease and os Porous and vesicular ...-. Irregular Bien tae toe aaa Soon AOS seer esc o SSR See inaee Silurian ...) Niagara .......... 1875 
Fe SSewsGsienaasaccahasns Pee Ota sear ea metee eeolies s (A One suand cian sexidia Meet awelbta cl OOwn toe accaa de dacctoe cicicls DG Venere tae sce, s ete CO. cia cic cles a's || 1876 
Sent UG acawasmccucas@aesweed BREA eve vemebccmeanes techs sas aS BS ASD OEE Grins Une at Bae QO ss eted setowescecbnctes PSO raccas acne naan ees BCboee 1874 
Dark Gratizecccceecsse cto Compact and “vesicular, | Even, irregular, and mas- | Even, thin to medium .....||.... COtesesovacesee “Helderberg (water- 1845 
il porphyritic. sive. lime). 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


Taste IV.—TABLES INDICATING THE AMOUNT AND KINDS 
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Name of the corporation, company, or 




















SPECIFIC VARIETY OF STONE. 










































Location of quarry. County. individual. 
Popular name. Scientific name. 
. 
2 miles north of Columbus Grove-| Putnam..-.....-- J. Postlewaits.- 2... nescence tnmcer sepnnanp Bituminous dolomite.-..........--.--. 
3 miles northeast of Van Wert....| Van Wert ...--.- Miss Z. Pulmer....---------------+---+--++ Dolomite ........---.--------eese0oe-- 
: TOOROne ee eee Allen ......-..-.| A.J. Patton ......--.-----+----- 22+ seer eee: Bituminous dolomite 
Ps Reh tegd hai ie bate Teka tact Sn Se William Pugh,-..--------+2esee0-e--e0+=2: 22:0. .eecee see een eens 
Winilcw north of LA cocci ceee Bee LS ES Mrs. B. A. Armentrout += GO - 2222-0 e eee ee eee ee eee eee e reece eee 
54 miles northeast of Lima ....-.. ‘Adlon aeetes eee Jacoh\Cuset.<<ce--o=- <2 e-= ene eae || Limestone ...--..--- Bituminous dolomite ..-.....-.-.-..-. 
| 
\ SPOR OTE sg) eS AO becoece cae | DOBM, Ty Bates 2225-5 e ens capi cine cmmrn oe pepymrelate 100) ae sein ya ge vine Wo oll mcm tae a aie ere 
parton. PISCE Perc ee Meee pDay Koch Car Ritzler & Gieenwald...---,-.--.--2-r--e+- eee dOucceee teeta eles 20s 03 bie hs pe 
6 miles northeast of Marion om pei PS MiSTION mae asiec. PP. Hinamon =e ae 5 2s cen ess riven eee) ae 2 do pe BD Ly tT: Dolomite oe ere ee ta eh eee eee 
Winile north'of Mation\..<02ccicc-. ottalg ty eer th Marion Stone Company..-..-.--.--.-----.- PERS BSE OB SEES. me: CMe Meee cides sate sc 
A eailG oethiot Marnie eocikes Marion ...---.-- | TR. Roberts dC) <n... scnpneeme te 4 ccc Limestone .-.....--- Dolomite 
RPO TT ee eee See ceca ate elaine ‘sh ajiee ee Ayes ae Haberman & Riley see eee ee ee ee ewe n ee SO cuits omer ae oe Ista GO sadecashvsete 
Pea kn or at AL pe oe SC Fic shad Son Beattie & Sherbonda..-.-......------------ HS tOO bs ces tence samc -- do 
aD ji fection a seb n e MDD 0) Baan Cee = ales 1 Ves, phe Peters £c UaWLONOGs com. cone foeitee eta mamta BAO ene cide wen nasa w+, QO == ee oi6 3 5 ofall telie a ee 
TSA W ATO ee eee ee cea Delaware -...--. R. Jd. AKeTS....-- eens eee e ee enn en nen en nee [sins GO ~sccewe cacene nn [pens pe dtcene- «+0 ene nenieme seinen Eee 
4 mile east of Bell Centre..:.-..-. Dopan else: Wied SIGKIDEt = esse acest ee teen nen nee ane || Limestone .......... Bituminous dolomite ........-----..-. 
1 mile northwest of Bellefontaine. Re atoms heart J. H. Eaton ....-. son ene secheceesscianewennwn j----00 -.2.20+- one -| Dolomite ..--...-..-- sods a 
3 mile northwest of Bellefontaine. GOto- et neers Angel, Miller & Co..............---------- «=O: a ssccne settee 20 = ¢@O - cone oe s- nena sennnnsles Geen 
1 mile east of Sidney ............-- Shelby ad Ada Se VRAD IET AIL oc OD acme eee m miner see wiae terete ea eO ceo aaa ainee Arenaceous magnesian limestone. .... 
2 mile west of Ludlow ....--.----- VoMaiaral. 2 erie AG. Bilin bOng i fees © ~ fac eater treme eine Oe cers heat oe Sorta Magnesian limestone .........44--.-<- 
1 mile south of Covington .-...-.. Mist: tet. LP. Watts & Co....-./....-..-0. een || Limestone .......... Arenaceous magnesian limestone. .-.-. 
Guemgton Sebel ee one AY; Fee ett ah tal t Gonrad ShefbuGh tes. c.ocseccseseenee es oseeu URLD ioe onaee eee pea |: eps RR 
Ay, ay a as a a ae AG . eee NEW. Pores. c- ba eet ete aetna eee ih cA MLO va dnrare ceed eeiaellie areas eee ee 
L hg BIA SNOW SONG) see ESTREAEEY Hone elas saves Be ad Sdigha oF eanler we and S00. S cose de ateaaseee GO di... vebsades es sanune ne eee 
(OG eae A At SER ei re dG teks G58 utt. & Battoril cc gcasccmseseuestoccem een 22080 secweng acces 05 (flO vo ccas- snasnstes s asee oe ae 
Chvington s25tks ete stereo Minnie Je Weta cae Sect oe eee eee ee ee DLimgest0ne..sacenecs Arenaceous magnesian limestone..... 
ROA: gh « fellas eek e URES: CR awa eee te fe (eyes Beale Covington Stone Company ........-.-...-.. ae ALO aac endaeaeeee win woQLO} Ufo <x win o, 0.2m a rl ote nee tne aa 
| ik miles south of Piqua ..-.--..--.|..-- Li a a seed de 1. CUS tEION ae CO ube eae ae ee ees OO a secmaudmas sees Magnesian limestone 
24 miles south of Piqua ..-.-...--.|.-.. MO aweessce ee gi pane A nS te SONS See é 
Cb Piqua mcs: accesses eeiek asa 8l idee do ce oH. Clark a pum 
AY Piquasesseiasseess os teens Mistni suas toes Mitchell & Mitchell -.- 22.0. Limestone ..-.....--- Magnesian limestone. ....-..--+------- 
Oe Te Nao eee ee eee es ore ees SMe ine ete cs Ce skeherh ic) ley eee ee Seo sco es Sa (REPRE ey fe ers a GO) ip de -s<kdce, sn ot eames 
4h ‘miles north of Urbana ......--. Champaign ..... | D. W. Happer Betts. Cade liens anu cemoneer ca kane Vee dO. eee e eee | yas dolomite «2... <<ce.sta= seo 
2 miles west of Springfield........ Clarke a. sex ate: W.S. Thompson. + - = =~ ---0nse a= 45 = pen Wa LO’ scasa dane sen eek Dolomite, . >. 5222. sens s555> ee 
Pd aysre se ho eee ta Recor t tte cabl a) tiene - mf tetae | A. Rebert TE CAUSE AG Soe) os ee aa Mae MLOne wants eevantrete se Seer Pee eee RG A 
2 miles west of Springfield ......-- Clarkd scesse- sce Ana EDDIGY ts..n son vase nalenie =e aatuitee wen i Limestone. soses52s6 Dolomite .- =... -.+ 52 5---- sca 08 pees 
4 miles west of Springfield ..-..-.. Wot st eee Mrs. Be. MOOTES se oven see icnsmpe ens emmeen ail coe GOlcp conan scienigan Arenaceous dolomite ...-.. -...------ 
Ndig = testastnt- cae ste ncaa we Bc ups «a eg SAS TOLCOM Doo acer peer anes eee aeons WrcesOO, aecoxas se domeareer GO ..nc-2ece5c cet e seed eee eee 
| 9 ‘miles west of Springfield........|.--. Gi neeer ey atcn ee Robert, Moores seocsuecls tee es paves ete OAD oh as oes ake a 3 Fo fare ee he < ae seu Doe are crap bisae 
14 miles west of Springfield-...--. Seer e Seca Pa RINGS MOWAUU scot) paces ced sepa ee ania ee dO ROLE see sages eee GO .vccevs 060 otic. c abe eet an aera 
1 mile west of Springfield.......-.. @larke van) osc George Sinta..-.-.--2--++--2---+-2------+- Limestone .......... Arenaceous dolomite.....-......-- =f 
ore edge of Springfield......... DOs. tascan si Petticrew, &) Brose tence dence viaere estes == I) nL ee me wer es eee i) Wa I mt 
Suck cette Meer ee ea ates -40..3...-5..5.| George H. Breyrseaneg,b--dt1ben hes sace al (i es eR RRM 
3 intitle west of Columbus..-.....-- “Franklin........ Wilooxs Bios; 26.5. seheece as asicquseieceeans nin: O0) Kim um apee scenes Limestone .....---aJensaeeeen een 
4 miles northwest of Columbus....|..-.do ...-......- AL MC WLI 8 fois oo sce anions no = ee aiid slafe « 1Qustabiventé loa aj (asi. cae. CONS J 200. an ens eee een Tek as 
4 miles northwest of Columbus....| Franklin........ M.D. SLYN. --y) be ese conse see seascpescosseil| GIMOSEONG .40see5000), DUMESLONC 2. ce nue ce gte eee 
AO Eesasnae eeenarc cee trea etre SO eC ee Peter Burns 6 05.0 o ese eis ween as on sie pe =apinwae Oi ses scat uaeeced lade MUD ee ec ce nee ete 
3 miles west of Columbus .....--.. Piro. Sea Andrew MGNim¢Kk 46-06 -e-spesemreeaerees 
SSD: city ac a veets souee ca eee eee nee re Saupe © Lilley & Poston: o2% sceuneincsicwe dale dais ce gic cel |aOac4l@ ccs 5 ce © nner ase alll en wre OMe eee ee 
4 miles west of Columbus........- BTN be eee AL. Jj- PLCS, & CQ. 6 wince nae coseewes ness opis pile HOO, un mua nn ac = Sa BOeO Eble OMB Maleccte © )o em ae dele ae 
4 miles northwest of Columbus-...| Franklin... .... Smith & PricO),... 20 -scesenccseoceces-s-> ex), LAMESTONG,.<.<.-canh WIMIOSTONG 2.c. < ames ue eee 
INOW LONVING sce ckeies sees cans aeee Muskingum ....| .T..B. TOWnS@NGia. <5: ...ccncccececdemees cess] ood sccucac snemne ots > SEOs clase +: tales sees eee 
4 mile southwest of Zanesville....|... do .-...-..... Philip Moran, 2.5 .20c..905 ccd oeeawcsiaeec asl |s se G0 ae tadcnwecaee sally te elG a daans Gece ae ae ea 
L ROCK VILLO: sn ec angie age aicins os senieed Fayette. ...- LN, Bonu -22 2002 sseeene cocess crescents peellnsaO eess.ereecch of Bitaminons COlOMiItG .a=aa een 
CLOW SDI BE Sinc. cere os Seen eae GLCCHO sce haan. || Wi SlOULG. cnc cWac cont apmisinhees ss nak eeetee 200-00 socpcnncoone.--| APgillaceous dolomite .-s..sss-eeeeene 
43 miles east of Xenia............. Greane.-....... Boots: & BiGkethe.aceisbedecret sevewneen ee 
4 miles southeast of Xenia.....-.. Saath Q, Sothern W. McDonald 
6 miles east of Dayton ........2.2.). 22. dO: yiveaceas JON ATCO. -2t5,.c<s8es pectaee ements 
§ miles east of Dayton..........--.. SOK pena eats orcas ER LOREM, uc: musts. ve itp wee cree ete 
14 miles southeast of Dayton ..... Montgomery... | Hutfmwan Stone Company 
13 ky southeast of Dayton...... Moneeomiery. =p IC DURONNOGY cconts cancas ccemeuteee ane ce eee 
ALO Gs orate = = ca aNaiel sume oictonk nie meme Spry Gee ae J. PODV OF cnc mioccccennantooiee tre ea ceae ee 
Pritts Sores Opa ert en ata MiBosler 22.00 
ii miles southeast of Dayton...... SAO ees G Winyer 6... 2, schol ceeecaaee eee 
74 miles north of Dayton Pen res BYE oe Sere US, Bookre san peck ec ene 
1 mile east of Lewisburg.......... Prehles ites. - oe C. Dis c i 
1inile northwest of Euphemia. .. Sais be REED, ee eve MLOk leiden blk ine ee i ms apd dolomite ..- <-p9e+-iiarts 
0 ooo eeet ec ite enero ae aes Re Siishen cnc! o eee Me a 
GO -- enon enn n nee ges ann n wean SO ateubes eeine Bowman & Thompson... ....sctosatecdasmicect@O ccceos ccomccccule din cose en 
New Paris........0.020022 TT Sintth ooo eee he en ed eg te ae ct mc eR gf, 1k ot eRe ca ar 
: Ne bee Ieee ene BAA ee - Ore cnabescs S AVE) 1284] pops Apes oe SRY SP eae “Arenaceous magnesian limestone. .-.. 
Tew Paris. ot om, ee my eens P smi i 
Biles nortneiy he Bato: occ oss Prepls proms Sar, Smith & CO.s- 2. eeee ee cee eee eee e eee Limestone .-.....-.. Arenaceous magnesian limestone..... 
=e ene oung & Christman: ..-... 2 2. ens egebesiiegd- GO... aul cay Dolomit 
Pa nfics yam na of Eaton sate da. at John 0. Deem Goin ore ee Sane 4 SEER Teese it 
eatnunrays Were enepeanes oy pe ee igh Boge CEE ee ee ene et LE PSM am 7+ prepsresreee a= UD ~ nem wcccne Porooeecoworoesesae sace 
Muton...-....---0... 222... BO USE ecduemccae Kilto vie Gol one sock ee se sean aac eee Reel RE See ee LIMB StONG, <2. a cocci nsw cwinnin do Stings 
3 miles northeast of Hamilton ....!.... (i Cora | Pye lye Ee ANONOWS hucomes che yok wen coe Sa Aue GO at at meh dae ae Cae haa 
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OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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a 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. 3 : 
; ES 
Color. PC iCel  a ad aMate <7. see VME. i> fifa fae wea hh ae ee ee 
; a : Jointing. bedding, or natu- s u E 
; Texture. Stratification. Salanctares Period. Epoch. K: 
Dari drabi sce. cessscess- = Compact and vesicular....| Even and parallel. --...-.- Even, medium thick .-..-... Upper Silurian ...| Helderberg(water-|| 1854 | 31 
lime). 
Toi Gieray ces anes e ek Semi-crystalline, vesicular} Even, parallel, and mas- | Uneven, medium thick....||....do .........-... Rk AO ite oer 1876 | 32 
sive. 
psi ee Seo eo arcs: Vreslioulars. + css. seess Even, wavy, and irregular.| Uneven, thin .............. Dae + Odes eee rate e Be Cry ie nek a 1878 | 33 
Sa: VS Be oe ee oe ee PAGte cw siemteaseesee ct eoet Irregular ...... Pelee a hetia | Uneven, thin and broken..||....do ..........-.-- 544-00). es225042eo as || 1868 | 34 
Drab and blue-black...... | “Compact and vesicular..-.| Massive, irregular, and | Even, thin to medium...-.. Lee ere pee anaes AL (ya eee eee || 1840 | 35 
even. 
ID) Sa ee Compact and vesicular....| Massive, irregular, and | Even, thin to medium ..... ‘|| Upper Silurian ...| Helderberg (water-|| 1877 | 36 
even. | lime). 
MORTASOTAD acl ectens csissa. Compact and porphyritic | Wavy and irregular ...-... Bven and thin. ./:2-.-..-.. Le ek Re a ae ee GOR aie ts aeeae an 1880 | 37 
PPE OUR obser aam'n 0’ a\elnialore's's SOG: ed aot remote ihe © at PO OMewelfet mo eaaie seh es dG 4 eaten n ates. LOMAS eee Peep Ore Laces seeee en 1878 | 38 
IBIS Ay)... 25 <- 200-5 ‘Fine and compact eae. oe Massive ict) +.tsen claus ‘Even, thin to medium ...-. Devonian ---. .\.. =. Corniferous.....-- 1840 | 39 
Gray and bluish gray... pO Peete tence ree Sebo) pooch pene Aas Even, medium thick ....-.! aa Gi eaeee ere 3 Eek REP eee i | 1878 | 40 
Gray and bluish gray..... Fine and compact. --..-- : i Even, mediam thick ...-... | | 1877 | 42 
PEO Roto cane wit aces See EO) WORE BAe Spee oaGrHesoe Line SOs. oI ee Sock dsc Leosd 1845 | 42 
hat ie So Rae ee eee cee Oe ot = Badr OOl ssi ae he eeeiaes 2 1878 | 43 
PERC OG fe -3 0c aw a ze cous POO Wa eioe ain atetiewin= eels tact NaepMOLiaeeeZEOes too es sh 1825 | 44 
5350 eee “Compact nf SOCCER En Se aeeee : RAR hen Se eae See ee 5 | 1860 | 45 
| 
(rab ete oa ceclaeceseiad sa | Vesicular Even and thin..........--. Upper Silurian ... sag Fiend a thal 1855 | 46 
ime) 
(Dag 2528 te a er TE DEQUS fe attse eeabaa oie see asia i | Even, medium thick .-...-. Devonian ...-..... Corniferous. -.-..- 1877 | 47 
CS ee wt See Ci CC ee 2) es en Cee a Sa! Oke See eo Sek eas eee seed, Beetles aoa LO xara ee 1830 | 48 
iiay ee \Wesicular.........«<cdivee “Wavy and irregular ....-. | Even, medium thick ...--- | ae Silurian ... Niagara (Guelf) 1869 | 49 
SoS Se ee fee Oke ear arion see gsn damadoas Irregular 3 453s0O0isgesdes cesses 1851.| 50 
DTA see. si4 v= SC eee VOSIGUIOT Ho satsinsceeera sale | Irregular Niagara (Guelf) . 1830 | 51 
ROD fete oh Cais = (ota eaisdere ane FEM GU) isaac atten died tad Y= GO, 2-02 sciee cern nec na Pei seed Te doce eee 1870 | 52 
Gh 58 See OO Me ispeaeicerc ah. g Saiseie hier |----O ..-..-. 22-22-2222 +2. ta desta seemed 1856 | 53 
23 itt Sees ees AGGIE soci s Sa PEROT nce eate ce ee emmcwin as sar00) fescue saseees 1865 | 54 
PLO se ete CSG wot e's 3 PALO ALS oye cies seisteis to StU GS aoe 14 so ages ereee as dO.4 cs aes bales 1856 | 55 
IPAs soe cee EME PUM ERIOUIOT < Sich. Seiaria areta ae | Irregular Niagara (Guelf) 1868 | 56 
ERG ye eet nie stot stein tee, fe earth Olen re Gua gees aimeit dee cehy WON Gas acing soe Ss acse salad tae sseghOrarsaseccassns 1874 | 57 
ARTI ex 2 55a See a eer a ~ Semi- crystalline ALE “Wavy and irregular Be Bey Se meer Peony ie || 1858 | 58 
EE ee Oy oak em s52s (eee dO wee el caaee 15 SES ERGO Suet es enw ces acu eee ; wes sec dOi5 anda eaeaeee 1874 | 59 
POO is ees SSE LE PEER Gi acre late atalala/g a cn a/a.a'ainra'e WO} seas sas ease nedda ae AE OL ete eeee es 186 60 
are Re ees awe Gm dios<ie</ Semi-crystalline ee PER Wavy and irregular ....-.. Even, medium thick .-.-.-.- Upper Silurian --. Bh des (Guelf) ..|| 1851 | 61 
JOE asi es erga ee LoS GS 2 eee eras al © inte eae ee dO Mie: Loe ee ae es ac dO NE aoc Ake AO ca eee Se ee 
“Light En Dee lteter oes } Viesienlarsosdo7s2-as8ee Irregular Beiter mises eee | Even a uneven, medium ||....do’.......---.-- seers (water-|| 1802 | 63 
thic ime) 
ae and ie ee Besa 55 Even, medium thick ...-... Rec Oia aaa ealcictetator Niagara ...... .... 1849 | 64 
Be LO Ree aici aeisic PERSE clas | ido 4... 1876 | 65 
| 
Wavy and irregular .....-. Niagara .......--. || 1873 | 66 
{G0 bsee ee cect fail nree vn 1022 baw cse ame | 1862 | 67 
‘Irr egular GCSB Ee Cee eer || 1865 | 68 
YE EIR Sane hae a eo Oi ses2 ese ateee | 1860 | 69 
Se Ones posse ce.caeaees atc dOrsik Sex uteceer 1850 | 70 
Trem alal cease ese eae oe | Niagara .-.02. 2... || 1870 | 71 
PIDTANS Sewharclecke Seta acen's dacs Pl LG ert eRe AO Soper My and irregular ...-... : = G0 wlbreceatecas || 1868 | 72 
sO Ce aaas pees s | 1840} 73 
Corniferous.......|| 1881 | 74 
| 
ext GO, aceetuh vanes’ 1860 | 75 
Corniferous....--- 1840 | 76 
} 
sj 10 Sut docs ete || 1860 | 77 
se dom see ae 1870 | 78 
GQO'2 2 sieie teases || 1880 | 79 
seeGO lneatead sees = | 1858 | 80 
GPO sate adie Fare rer odes a0) s <<< Semi-crystalline, fossilifer-) Irregular ....-...----,.--. Even, thick, and medium ..|| Devonian ...-.---. Corniferous. .-.--- | 1872 | 81 
ous. | 
LORS OA) eee Bee eee | Fine, semi-crystalline ..-.. IMSRSLY teat <cipeieeraioae are Even, thintomedium...... Sub-Carboniferous gence: lime- || 1874 | 82 
stone. | 
PIOOrMACK waseceecccccs sn | Compact and fossiliferous.|....d0 ...---.--/i-)-2-.--- One 3-foot stratum ......- Carboniferous -...| Lower Coal Meas- | 1875 | 83 
ures. | 
POM Sassen = cla ete dal 22.2 Wemieulat ass sccqeors—ce os Tier ulate tmnescs tee ects a Even and thinm....-.--..<. Upper Silurian ---. een (water-| 1866 | 84 
ime | 
Drab and light drab....... SPONDS. os usc 5 UB RY FSO Vorstoeties Sa stm sce Even, variable, thick ...... bec v OUIEs oa curncs steNIA CALA Uae cet ot et || 1864 | 85 
PPA Reve Ro agee ctw ase sma ss Semi-crystalline .......... Taare PU LATA a setenaiee een alate Eyen, medium thick. ..-.-.- a ed Silurian ...| Niagara ........-.. bee < 
nn 25 
88 
89 
90 
9L 
92 
93 
94 
95 
| 96 
97 
98 
99 
100 
POrphr Tie 2. oa 5<- ais Wavy and irregular ..-..-.- | Even, medium thick ..-.-.. | ores Silurian ...! Niagara ......--- 1840 104 
Semi crystalline .........-. REE OO I ehcsiam ge xpoceans baby Pe tees fe Ses AGE ot Sets cia sr marins Peer UD ccuk aeed aces 1840 102 
Se Oe che Stpiniots aeminnela seit | SERS Peper 5 wera cis bas a ORME eee es sek aietate wince te Bi ca hs ee ee (fT Osa sekes cos 1835 | 103 
Semi- crystalline, highly ‘Inr PUA Te poe om honk ws aie eee O Ria ac dbeGkie a sniae ee “Lower Silurian ...| Cincinnati .....-.- 1865 | 104 
I Pic se aed eee oe ee ESI Eek Coa re Rae ie ean eR Oe dave ie: 1874 | 108 
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TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 
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SPECIFIC VARIETY OF STONE, 
: ° Name of the corporation, company, or 
Location of quarry. County. individual. 
Popular name. Scientific name. 
* 
206 | 5 miles east of Hamilton.......-.- Butlericcoeenbax aie Rupp ee Limestone -.------.- Limestone ..-.-- .----+---0---see-- one 
107 | 14 miles southwest of Lumberton | Clinton -.-.-.---.- W.F. Oglesbee .----------+-------+------- 2-0 -..--..2-22--2- Magnesian limestone Sd alld gles tS g > 
TUBING CHAT El dee eee ne \oRosaaeeoee ween Gd) Rucker & Sot. «-c: ss sesseeeame es ane «s+ dO ----20.05-----. Bituminous dolomite ....--..--------- 
DOO ee dO cee neces osatcnsneessesebicesa Highland 
VIOUS eed tec es sabe seetnee orice oe spe sieles BG ae ery oe 
111 | 2 miles south of Lexington -..-.--.. Highland 
TID aetO) Acct ec hmacnepesmecncceeottss ete. GOLenenasee a= 
1135) Point, Pleasant: 2: <<. .cccc cs teen | Clermont 
TSS Cima etd Sees seen can saa sateen ses Hamilton I 
TG Geese OR a eee reat eee ek eee cae See O le exkmtase se Tas GQLOVON ee eis Sein cls he a ae a eetele ae eee aan QO: cesinieene senses wie OO :...sdta vuenccaee pace yeeros quatre 
ALBFEGING nNat eee ee che cece ee eee i Hamiltonia.eces. J, Delinoy t= 2. <.sceeee saneraee cemeeeeg Limestone ...-cecen: Limestone. ......saeeseeee ose ee eeaee 
DUT esos 10 sce ae coe se riehetos oes eee ae ON sectasckse Li Lutterbey ost sence caccense setae cree eacon ee CO ireccaeceemens cel 22 OO «fone nists occ a eee eee 
PISCE AOR aa relee eens -aeae melee Bed O wee aoe e ems J (Cine: ccc5 oct cogent s acecdbingamaeeeeeee lant GO acteaticarc messes AO i (: ee he Ce 
IG eG Soe cee ee eee eae eels BEIT Meee eee BH; Howe cc.< 5. Sek scasveneencenasse renee Dee OM Gade tate axes mralelelis RPP |) SMP ss ne 
INDIANA—MARBLE AND LIMESTONE, 
a Decatur: sane o eaceen ements eee Adams tse eaone | BoB. Rite ica vecass se aeieenes cigeieantie eee | Limestone .....-.-.- Dolomite. .00002s00nsisssnten shee eeeeee 
2: ) BlomTtoncse sec esas eh tee es eat eae e Wels 2. occtce= | Kapp é& Gardner <.c-- 52 es caren ene 100% ssp aseum eee ee: PEPE ea 
Bh Wabash scec= sc tate eee eerie Wabash .-...<.. | Bridges 65: Scott sc, avacccenecesseaeesene ce met ays tarn at eae Limestone 
~ MRO Cy epee, Fey a Mir hns ee p ae, oa See O diocedecce=c| Dubbard s&j/Smithie. cos. ee senescence ROO ER Aoelks ways ee 225200 5 ceecce ueuce cede ee Eee tenes 
Sle deido'. see Gees ence ee ae ee has gma seen wes i Philip -Hipsicin so: eee ee See eee Pome, (sy Siar SORA Oe. wa 000, . ve cee sion es eee eer 
6 Wabash*®.2o- ocaeketceereseereacet Wabash .......- | William 'd: Pordsi22 ncen- seen ose see eee Limestone ..-........| Limestone .........s5seree eee eee 
A acc. stone Gute sae oe aetea sents seiee ei StELOue ata tides cnet Moellering: & Paul st2.t-sess2s-eeeeeesse ae bin GO ss sioeee © pores Dolomite. ... |s.s5+200eeneeee eee 
8) (PIANO ace ce cere ete pee tee eee een | eA See | Juillie: & Shoemakertecsssotattoe guess eeee ee pat AO oe re ee oct Limestone ... ..-..ns000 ssn =e see eee 
a4 Rometspert ipise fv cee wean see | Cans a cides sobiaera | i - LUX) oi 2cecacchae dat ae hanee acento oes cocked pisces Limestone and dolomite .-.-...-..-..- 
Jf edO Sit he de eae eae ste erence seca or: Ose ee oclawttels | J < HW Barnes..)5 cote s eee so oe eee eee ee yas SAO. wares oc oa Saree Pee On me eee eat eel rose walkie’ asi s iene 
11|)| Logansport. saoc.caeuades coos Gages ceectee Js. | August Gleitz 
12 | 33 miles southwest of Kokomo...., Howard ..-....-.. | J. V, Sinith’.....- sss hatgugeuaneseenseledtan tole wine ttn nee Magnesian limestone... .-0r++-ankeaaae 
13'}) Kokomo 22:2 45sceamecaesineceecee: [eye= AO, ro artesenine | George W. Defenbaugh Limestone ....65ccccsseseep oes eee 
144 Marion’ (A202. wees sees caesar: Grant:2. + cha D. KR. MoKinney.«.6- ssesee eres eee eeen oes wo GOl nna chia.w cannes Magnesian limestones. -+.0252--seeee 
AS cSidoscast deem eee eee gf Oxseeeen eee | Silvester Pankbon6rwc-cesaseseeseeeeesees aaiG0i chcccseeeeeeeee «ofa GO) s o.con vals oclsmlee ee clean 
16" | Marion Sis .cescucdepe onsen ee paw Granitecnc estes | John Murphy 2....55525:-4eseee eeoaeeaes Limestone .........-. Magnesian limestone.........-....-.<- 
17 |. Montpelier. 2 accnscame ccs emeceme Blackford. ...... ; William’ T'wibell) Scee stss-cee eeu 300 vacminen ee eee Dolomite .....-+cssso!<.seeee eee 
18:\| Maton: 32 osctes st pene cee Delaware ....... George W Carters: coanccecesssccseecaconn® 3$00's sckaee sacar eatss ~-00 ..scccs cree cheep eee eee 
19 SPO sc oe ae eee ee (3a ee AS ore Bosman Brotherg_fespec sacs eee Nee. siccee ms eae ede «2-40 2.0 5c0.sdncsceneenties eee 
20) | AMOTIStO Wapinae soeg ees oe eee ees SCO suc csee oa Li DYER GontZ .. See ee kee eee eee 3.40 Oieratgyo'sia an need ane CO: one's oa Seve ata bu plaunseteta ee eee 
on reap Pedi Sipe SSa= so gan a3 oka ee ine eee Bs Orit. Soop cece nae actecwanenenees Limestone .......... Magnesian limestone....-..-----.----- 
E UO cs ors sleet 2 me ete ee RE ees Loew QO:2cceminl ty ate): Os) Ve ADS DOLE Vperdals pecs heise eee nee een 6 LOU neem 
23 | Greeneastio. 2202722077220 122221) Butmam 201.02. Patrick Ash 'n..710 cc or ea “ido {licssc222t-) Chmestome --): 5 
24 2 miles southwest of Greencastle -|....do ...-....... | William Steegsvece:<. ce. . esa cee eee Fi dOM Seo eaentna ease wee (10: -cccige sec esecesentse ae eee 
MO Ws car OO 1162 aoe Peano eae sae eee Neer CO 225m is weed AJ: Grawford:<éxcmmatacpaaste ees BELG han ee eee ee vce GO . onaecce 24 oescense peeE eee 
26 | 2 miles southwest of Greencastle .| Putnam......... Vandalia Railroad Company .-.....-.......- Limestone Limestone 
atc Oakalla:s7eeeecr. ooo. ae eee eee {stat 0) on se ree | Mons & Hillta 12 2ee oe Cente Se een ee STAG vedbeccctecccs.|-no+@O jcea den cote lesen 
za ia PED ae Gs Ones AB 7, WP Be eee ee Boe seein oer sy reed BB eam 
2 : RPP ¢ hepe ani oie at UO. kcetemite ames Lee: 2525 ssseaee chodee sateen eee 
30°) Dons wdod:..a.cumsse si bane ee Fayette......-.. Wilson Ballez.. 2 tess: st anecusdseasas sacar 
SL MBOn ewOO = ae ee desc ee ae ee | Fayatter ccs cnes] R. H. Moffitt... i ferrugi i 
32 | 2 miles northwest of Laurel, ... do 2.20.22... Hy ones 2. obese eae er reese Dolomilter cass , 
a ote COUN BY) SM Sey) ay Pe | Ce AN eae naa ek eae peak cnr ea Pa mada eth ye eS: eS" a Re 
é 24 miles west of Laurel ........... Wai goeay ebb ts es oe M. E. Secrest do ad 
34 | 24 miles west of Laurel ........... [3.0 do Ce eee Jobn McGlin @c0. se ee Calne eee hick Sik Wee RIC 
g5\|'daniles areihoreat Be Legreaie ils (aye ea at Wil MEM Maou R pie 
36 | 3 miles south of Laurel ....... Franklin J. A. Thomas Lime i 
5 south of Laurel -..........) Franklin........ J. A. TOMAS son ceesaaee can se aise nema StONG wate eect: Dolomite....-...5-.s0:sseeaeuspeneeeee 
37 New I oint..-.-.... eet cae ee ieee Décature ca: sac. W. W. Hollensbe ey Raa r 
38 | 5 miles southwest of Greensburg ..|..- 
ao Saint Pauls) a aes eee eee 
; SAO aie arsine atteae woe be os ee eee et 
41 | 2 miles west of Saint Paul Shelby G. W. McNeel i i 
: , aul ........ DOLD Yi f= eres ele are Vs BLY ede deWack wa ehareaemaneeneee Limestone .......... Dolomite ....... + «s<i0c's@aeees eee eee 
ra Eihetteyiiie ete PRP Monroe 22... 2222 Jobn Matthews & Sons - i220. cescce ee ene SR MOM oN ae pemacieee Bituminous limestone. .......-..---.-- 
yi ne Ue ecoerad ic tae. oer sere be (Poy. fat t Perry Brothers sesete uss occ eee bene OO Veeck een ache 5 oeQO (.0 dstee's connies scene eee eee 
45 ade oy wet te enna nsec eeencnnss ¥. -UOgap renee aces WH. Motenry 3 irss-cccasce se sce ee eee Ey Owen ease cas « 2 Pe EE aetegug 
O jee OO uy.) s  ateia ka arte tree eee te a Oper ewe ceed McHenry, dé Brotirer > ..c nce essen eer eee en ee Seer es eo bara CO .2.6sic's ce chionacte ee eee 
46 | Stinesville..........- Davis & C , i itumi i 
47 reget CORO oes og ea Cassner aimestong tecsisec= =< Bituminous limestone. .........-..--.- 
SPen Cel eer ame ae aetna B: Schweltgeressceeen 2a ee eee Lees iy Bape es Limestone ...i.2....0<.osoe eee 
48 | 3} mi ; 
“a 33 a northeast of Spencer.....|.... ele * TAT CHOE ccs cs tnyae eee eee a. on xg eas Phare Bituminous limestone. .......-..------ 
aie Ne Shae clin ae «\ainielainisin mas (phn eiuiniea ~ DDLBALODS © is aisjn'n aio-as wae sera ea see eee rs 60 Ea, Sse eee ai Ct ee eS an 
50 be 00 47 cawgs tte se sth astseabaabeue [ae Howard’ & Deénig 5.2.5 sect aeseeeeeeeeee ee Ber AG rawt se cmece esc 3 ao aecbaccteacueteccasp tae 
51 | 5 miles west of Bedford. N.C. Hin i i 
es west of Bedford........... » C, sdale:& O0': .-- «cn cecverenes enetee Limestone .......... L vats eee 
be oe west of Bedford..........|. WVoris, Rodgers &(Co.- 2. anaes BUENO mae ee ace eee| Se Li phe eee etal 
BA doe Oe Pane. gee as ite ee Stone Company.......--- DaaG (ials Sree eee AX 
papers Soy ek Sa 9 Sic a a nice eninisibia illion MIth oe. beer ask serie tetas OO wen eseianae cast She 
55 | Lawrenceport .................... ALB. Berry sities ee oe ae Sieee “ ae 
56 | Fort Ritner..... E. B. Dix 
Tyee ae ae Das aPvinimieivintelaiei= Bisiar A) WIIRON) cerescedcuple ae ees b stare beatae leeier Timestoue -2e pee ee i i i 
57 | 3} miles north of North Vernon.. Hickade Holtien clic = ck a fee esr etter Bituminous limestones oo aaa 
a North ‘VOTO hosase ence ah eee Oe P. Conklin & Co do are imestone eid) £Oh CT eal ee 
59 | miles south of Nortit Vernon’. H. G, Herrman. co; cicicc-aSs ccs epastd asec ie ie ee en 
tale siete iataisic cic pee | Hicks & Holmes ...........2.2..++.ceee0--||----dO...1.......-...| Magnesian limestone 





STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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STRUCTURE. GEOLOGICAL AGE OF FORMATION. 
Color. 
ares : Jointing, bedding, or natu- x 
Texture. Stratification. eal aurtina: Period. Epoch. 
rome te. Yc. see Semi-crystalline, highly | Irregular -................ Lower Silurian ...| Cincinnati.......- 
fossiliferous. 
Meraiees sates ten ck eobcss Semi-crystalline .....--... WEY pe bea co cehe yonte does pp Uppers Silurian ...| Niagara .......... 
~ oui te oe ee Sa Compact and vesicular. -.-..| Even and massive sat Ors sas won ee haveteter (watery, 
lime). 
aati <3 ee SP ae ee eadO Wise teats ateeeeeeeee lk SAAC He Seat ceeldes stale bdOads ms .O. Ee vane eseeeee 
SENT 833 on eee ee | COwine te namemeenccnensl ae eA as nee peas sem oge aos ae ot --do Katie a Mose Ata thsnek eee soe 
TIGA dete se eh iae saa sjcaoic S Wegener s/s ferqsactas Even and parallel UEDFE Silurian Niagara, sso. <25 
- li) oh a a re POEs en es ene ee A ee eA Ong ease ao ot a2 ode s.cbu Pe OM acer Se UGie-h ee eee 
Riess. Peers ye Semi- crystalline, fossilif- | Irregular -..-.-........... har Silurian Cincinnati ........ 
erous. 
oo. 0D G52 See | AG SRE hag Jupadesscesest- Pee AO pei cece case (saa Lea Coe ere SS | Gee ec ye ees 
ditt se sO SA a 2 Betas eco ad Pre ClO Ie sree we ios see = etiam BRIO he exe tase een Eee (LO Peon: cancers 
MATT k aoa veo Cece Semi-crystalline, fossilif- | Irregular ........-........ Lower Silurian Cincinnati ...:...- 
erous 
MEPLOOWRE SS oe Se catcudiis ss LG Nise Oe eee aed SPQ easentonees asp outs sods HEAD ose cioe soe aa ae We ON nt aa ee 
_. ie Se ree UES = ake ey eal ee AO fsa ete ect snn tweet sae - SSiMOi ees seeeee oe le EE OF eae eee hee 
nics CEL SS Laan eee aa ae | EE fhe, 5252 Gee eee ceC Seema Ret Oe) eee tee es ee eal. SiC ye ee ee pa dome cteeee 
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Compact and vesicular. -.../ Even and parallel......... | Thin to medium........... 
Finely vesicular .......... MBSRIVO Sis< oi. esc uicieabaciox | Even, medium thick....... 
Semi-crystalline ....--.--. Wavy and irregular ...... Even-and think.! sticsa.4s,2 
BEI GO he hia salslomsteleasisin ss!) BENGLO) ite Sates pce cada sae in Selst ss dos s5ee Sheer re. asta! 
eR CLO fee ate nae nts areinl HS ORO Sas eo, See Se Dee BAC! Coogee se Scie a0 py nae 
Semi-erystalline ........-: Wavy and irregular ...-.. Even and thin. ...--..2-..: 
AES CA TEE Ht, SEAR eS poe ae Trregular Even, medium thick 

gba (os kip Pees Be WR ans ep (ITS eae CO picstet soci ce ens ease | Uneven and thin .......... 
Semi-crystalline .......-.. Massive Uneven, medium thick .-...||. 
Fine and compact...-.-.-. Even and massive ........ Even, medium thick....-.-. 
Fine and compact......... Even and massive ......-. Even, medium thick....... 
SRO G Rice aan <osactls SUOtesites Joe ous cea anaes ria Reet kere tee 
“Fine and compact (con- Even and indistinct....... | Even and thin......-.-.--. 

choidal fracture). 

Semi-crystalline .......... ViaTIO DOS at copies =siercicines's [eee COS cremate scene sere ces 
em cet aalstos oa sisesisasia ae [ore SO0b gente seein okie. seer a||2 Se CO am «ne aecisn es = Saeso i's 


Fine and compact 
Semi-crystalline .......... 


Semi-crystalline, vesicular |. 

















PALE) stro ot a cine rato e ht 
[ Wesidwinrss2 ste Ssccaat 
Ga eiyeoe rte cere axielscoas ois Fine and compact.......-- 
BEeLOG sere wc ce lee csicncs aus LO eet ts ao scw ts wo Saute es 
Ome ce eee =e cmcin one's Semi-crystaliine .......--. 
mo CDSS 55 AR ae Ere CObsac ak Pa scones tee wo oosle 
Ber imate cope a tlccielseah AAU Kay Se ee ae ee ee 
PATA eae ch cracls aia wiste'b's Semi-crystalline ... ..... : 
PEPE Gee mek tes aia aeons one Sek Oferta ee eat ere) Ae ciclo | Stes RA Opoem ee ee cee meek => PREM OAS Lisa te to eee ccnieee 
ane - = 3215 ae ae ee eed Heth Fe pee ape ip eS eS Me OOMer ae ee ec aoe sce MdOtases atest cee ae 
BE Sos cet 3's Ses asl Po crore ee nee tre ean Oe se ewe ee oS keeles ‘Even and thick............|. 
“Drop me pari o. ons. <5. 1) Vesicular 2.02.6 .codse. Wavy and massive.....--- Even, medium thick. -...-..| 
draprand baits... -5.....% Vesieulnweres vanecd taee ce Wavy and massive......-.. Even, medium thick......-. 
HTM ean uses ceneeiince a 5s Semi-crystalline ........-.|---- Gira eerie sae c tints im civieln'w hs fiat COM. feasts: sae aoe 
Pere etea's = coca ceckcs as eee GUNEe wees sated or ae eats MOO Met a ae se sere ae se enhs BOO ted so aiaee sae a eee 
Pee EAM risticiscce ss sian eossa'ie|| FeO acta seat eetnmwe ele ae (1) ance AoA eRe eine ee eee GO eaeradcwees ceetaeoes. 
: ee Os te MOS cne oceee see SEG) BAR ie eee ea ae Een Ocb celica gan at ee ce manent ac 
Semi-crystalline ........-. Wavy and massive......-- Even, medium thick. ...... 
So CONsSiee genladiceiss cease wee MTASSIVOl core enas ee. ee Even, thin to medium ..-... 
PRR OOS. cota c eda sacar er oes. ee kee nat ss LAG OER A ie eae 
aA Orntece ne ded was ce eacesel Se Wits) Yo Se) oS Ge oe ee ‘Even, medium thick....... 
PisetLOM op As anna cs Seca sae eas er ene mencaaec us ciasie sccm if PERO 7a 
Semi-crystalline .......-.- IMagaly@recess kes ose scenes Even, medium thick....... 
Granular (oolitic).......-.|.--. Otte ee eee been ws Even and thick 2......-..- 
Bee UL eet 2 Wee en Ont oe case calteas CO ett fet cet cenoeb is lexce dO Ses tebe ates cess 
BreetLOy ae ac -tetctate te wistvie ease ete <l sia/ek ineee creme cock cen. ae sete BLLAGr esate Sob eee rigs ales 
RU Oire toate dene tenes ant ax|6 Pe LOPa ey Aen fo ee woe seals PEG ree te Meer ese ore Oe 
Granular (oolitic) ........- IM ASSV Gis cons ins bos ve so-e Even and thick -.....-...- 
Fine and compact (con- |....do .......-----,--------| Even, medium thick....... 
choidal fracture). 
Granular (oolitic) .........]- Pee O fi tatesicehces soccezeee Even and thick ..-...--.-.-- 
Se SAGs ote sew See EE areola sel ee ce ae SE Eee Elle ed OES ap atoane scesese tas 
ae / a ere yen as ee i nt SARA Oe te BEG Ceres aa Ace tee ee See 
Granular (oolitic)......... WEES NG Gane CBee Even and thick ........... 
eSComeee eae acaceet cat eB AER eee eco. eiebee eek AO Beate es Socat ca demiess 
ER UOmetieneiee oy cease oaes ts oO ike Fee ae Cee CORY eee Cars ace sok ta aad: ee 
EO eet aienst te omeemed els cm. GO dane se reeence eee SE Ss. SOMOS Ae scan 
Be OR ete Scare sis ohne tae Ot. dae tc duame eas AA SRG TS Sa eee pe 
* . 
Granular (oolitic) Even and parallel...-..--. Even and thick ........... 








stew ew wwe ne 


Semi-crystalline . .. 


ae GO 2a we ee eee new wenn ene 


we GO 2 www new ewww ew eww rnens 





MGSRIVOG see c ceis sam ae sacle 
prises: 





Even, medium thick 








wwe we ewww ewe eeells 


ne pd Silurian ... 


Upper Silurian ... 
---do 


eek aG 


-do 
Upper Silurian ... 


Unpes Silurian ... 


Upper Silurian .-.. 
Sub Carboniferous 
noscdo 


do 
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1876 
1867 
1866 
1876 
1878 


1873 


| 1866 


1873 
1872 
1840 


1840 
1870 
1850 


1864 
1864 


1867 
1870 


| 1855 


1855 


| 1835 


1840 
1840 
1869 
1860 
1870 


1858 
1873 


1876 | 
1865 
1862 | 


1879 
1877+ 


1876 
1870 
1850 


1878 
1875 
1850 
1854 
1859 


1859 
1862 
1866 
1878 
1879 


1875 
1869 


1870 
1879 
1878 


1879 
1879 
1876 
1867 
1879 


1860 
1875 
1873 
1850 
1876 
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TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 

















































































































INDIANA—MARBLE AND LIMESTONE—Continued. : 
‘ SPECIFIC VARIETY OF STONE. 
Wame of the corporation, company, or 
Location of quarry. County. individual. 
Popular name. Scientific name. 
pa Loe te, Se ee Ripléviccem ee Peter Wagner. i.cca= sass ssoee see ee eee Limestone .......-.. Magnesian limestone ..-.......... cone 
fl anced, BAAS i Uy ea ree ta | i ag" ak eee Fe Ashman & Glasgow......- RE Beak) By: dO. eee ..- do «neon ot cecacevellnan a 
Sal ata se RN a, eh eae Washington ....| Emanuel Zink.........0---+e0e--eenere= wadtO » noe sense emna tn Limestone ...--..---.--+++---0+20+00+ 
64 | 3 miles west of New Albany.....- WloVG ee oce eee Christian Haller ..-........---.s----0-000- p50 4CLO! sm siete lemamicectta ie pi LLO) cia av <n’ wis at nis pain ee 
PTA Re Pegi SU at ee Carn aie oma Re, Cpe ah NN. Bittihiger 23 7005,.500Sa5s okies see ae rise DERG UNE Sse scias se Se CEE eC rm AL 
?_] SS. $$ 
INDIANA—SANDSTONE. 
ais : 7 pus 2S 
Pe Wes DOU bie dee atte ents ee mance NV APTCN ve cesem a Bi E. Gregzory 8 tAtel-<. savmceameseas «ela aas | Sandstone ......-.-- Sandstone ...-2-./t. screenees ee enenee 
Dae LC a ee Ee tes toe eae cian VEE Osseo he ee S. Bornhartil.. cc. 5 sans sae ees Hees SO Ot bets pia ome eee Q's ne siais dele wea eidiess yee ae 
iS) |B rendh Livle rece s beceeese elke Oranvelsiese eee. Wd OSbOIDS satesss gee rcaa ce eee meee aes PRE FS SS IBA (0 jpn sees (<= osm aire oe ieee 
4 fers 0 WAGE 8 ITA ete atite epee ccone S| eee (i ermer eg TSN, Brathan! Sscces ounce ces eee eens -++.|]---.do Bees wae = eee ores GO Lan. saciqnesooabeceeee ne eae 
5 | 3} miles east of Cannelton ..-...-. Rerryoendasaer As Hallabaoh 2: Jat tase me keenae cee oae men I" ma sOLOS ra tloht cee « be lies CO) 24 sie 0 = = = gn se ee eel ee 
+ wre 
. ILLINOIS—LIMESTONE. 
1 | 300 yards south of Roseclair .....- ) Selardin Sees eset W.. W. Waigbt'. 22.0 3.0 25U o.oo ew aenmeans | Limestone .......... Magnesian and bituminons limestone |_ 
2) 44 miles above Roseclair .......-.-- = wa Opes esa rasa C. Howard’& Sons ~: -..-- -J2 72.0 eae i dO Ficeake cw atesrcliese asycctenscnec=scsiaia <snunwens eee oe 
3 | 2milesfrom Roseclair, Jacks Point |....do ........-.. Gus A, Craigeny: ol. 5.ee sek ce wee [ote OO ie ciao ela eae Limestone ! ...:-: scasov see ee eee 
4 | 5miles from Roseclair, Shetluville.|....do .......---. BP CeCe i. Son tA Pee i BAe |) rn UO toes las Seen lair nance ee cee een senecesnsnescoseemsancee 
5° || Chester willage:-. -- Secce dhs ane | Randolph ....-.. John, Hern: .3sasie i230 ese e ores Cheese \esc ao a sepiceteune as Limestone « .. <2... = eee 
6 | 1 mile north of Chester village ...| Randolph.....-.. Southern Illinois penitentiary ....-..-....- | Limestone ...... 95+) duimastone . .)..45cca= see een eee 
7 | 3 miles north of Chester village ..|....do ..-...-.--. | John Hern ...--. Spans skier nea esas r Nfs O ib saciem maitre EPC eo re 
8°) Citviot Belleville ss <.:tenn am reer er | Saint Clair...... Gr. EY, LiebnGrt sae sh esta. © etre tes eee eee fie QO nace n bape seal cece cnsaenncssce-eseaeqms= 5 aes ame 
Oi De eso. seek aoe antine oat. eee Sts (LO eve aedata es | John Kloes........ cit mates Seca site tek eee low ae QO .sacecdcnuecmos]'s cwiiensenine es imceis hate: ee ee 
10 | 4 mile east of Columbia. .......... | Mont op: Sson cet | Peter Frierdich & Son .....----.-.+-...-+- Wic3 P00 cst wae Sees Limestone - ~~ >< qe ewer eel eee 
11 | 6 miles north of Bruse station ....| Clinton ......... | Josepht Daylor | sco: .ee--00- CO ee | Limestone ..........| Siliceous magnesian limestone .....2.. 
Adit SQINBa A oan chcabiera ee eee danas | Madison. ..22). ..- ) Shophan Berdiy pes sac seo ee yewe an eke eee | Black lime.......-.. Calcareous dolomite ..-2.....--.. bees 
13 | 4 mile below Grafton ............. | WiGTSON .j. <xete cree Grafton Quarry Company ...-.«--.--.+-4s!.. yDuIM CStONG 6 oa Mehel hn «Waals eM Re oo sees SS elke aie neat 
34. || City'or Quincey: cacet ase eae nee jpAGAMS (p20 c. coe I... Ws Monck 322222 eee caawn en seen koa ena QO. wane ceensecen Ht eece ca riescs pane ene 
15 | City of Kankakee. .....--...-.s00- Kankakee .....- |. Dagomage: One Seeeut ve on ater oe eis yee MLO) 4: aicin o:e al aaietetyl tsi oe cle! shed tele a nla tee eee fas an sieahs ° 
| | F 
16: City.of Koenkalkee. soe seecces sea. Kankakee ...... | Kankakee Stone and Lime Company ...-.. | Limestone 2-25 .s<. Dolomite... ....vdscwnseememaeee Piaas 
17 | 14 miles southwest of Lemont ....) Will.........-- , Excelsior Stone Company .............-.-- | 56400 anaes eee vent AO): pane se wosleee saan syle eee eee 
18 | 14 miles northeast of Joliet ......-. seers bi ee Ponape gee te Joliet Stone Company.............--..004- i ep O, <i cc ae «662M Onc cee inc eo cee W eee ee ene Ae 
19 | 2 miles east of center of Joliet ....|....do........... .'C, Hasrar de’ Gor <<. wena eelasacieclan se neeee 
20} bth ward; ‘Jollet. se anes sansa de BovhO: wisi wpicelae Charles) Warner.) commas cc ceccbmetanes i 
Db BU WE: oo OLLOb, mre mee be tele le os Wallet ca eenace SIMON HAVSSO? veen Manon aks ass beam ee ene eae 
22 | West side of Joliet ........... Sorell oie kOe ee ete oe i'd W Dibiier, 6 Woe soso e toe pacer eek eet 
De ihew saflOute ccs oadeaaean ame Aes mee aa aU dare lee Oe Joseph. WaImernon-.crenax was wax hates aml eer 
24 | 14 miles from ©. H., Joliet ......- Geet eee octamer ae |, Dawidson (Bros yes-- ove rcenynaeeannes Sane 
25 | End of Cass station, Joliet.......- wasnt Om antetntanets oe Joliet Stone Company......-.........-.-.. 
26 | 24 miles north of Joliet ........... INV cee aot aeactae Teaae NODES). =< asinine ancsaeaur eon seats 
21;\' Nov of JOUbt s2eo5 caer eeee ene RA ky EOIN IR ehaha ey Williem iropmeyer,2t2..4,-25054-5s00csen are | 
2B] en Ot sec pen en ek eae meee Naa Oj) tvs a seo Brude.& Co ie teen em teca aes noes side 
29 | 24 miles north of Joliet ........... |-- SRS Ye SER Sa Sanger & Moody..........-- RSP TES 
30 | 1 mile east of Lemont............. Cook. aera. Chicago and Lemont Stone Company.....- seek 
31 | 1} miles east of Lemont.........-. P OOO tac tescas Illinois Stone Company.----...-.----.---.- 
32 | 4 mile northeast of Lemont -...... bomen O: fies Meee . The Singer-Talcott Company....... -.-..- fee (10) ok cope enree 2+ -QOin. (55 Ji. esecnp osama ee 
33 | Village of Lemont ............... BER) nea ate | Chicago and Lemont Stone Company...... 22 1O, 2 vewepcccsweree|(o- = 0) one cencunec cease femeae yee 
34 | 3 mile southwest of Lemont....... Sieh Cll) este ah Gee Earnshaw & Bodenschatz ...........-....- EO Lies. eee ee was OOleniectie tcc au sew aeeeeeeee ia Waite 
35 | 1 mile southwest of Lemont. ...... | ee QO A eed as Singer & Paleott). osc teenenas nore sree RT Ce See ace ras Pee OMe eee eee 
86. Citviol Batevide..c1. .0.- eeremese TORN Foe o See BR Brea. ye nee hoe ee ee eee eee Limestone «2... a0! aliiaees conals dee - ce ene eee ee eee neces 
OT les QOie dnc cp a eerieermenies eee emta ane \epese 10s aetna OlP. Barker és BOM ce. sen chet ree 14,0100. tues aia/e ne pact] waanele vies manic es cies taal seeee ea 
88. City of Aurora an ca ik 8. pte ats vee 0) Bees tee } Anthon Bertholdienescs sees seen do) 255 fee ee Dolomite...5. 2. Jc ok Gaye 
fas 
ILLINOIS—SanDSsTONE. 
| j | 
1 Eproonds eee ie pu e eee sea | Popes ceace cee OIE Cole, e.g Witebes etait eeeana eines | Sandstone .........- Sandstone 
2 Chester. - Soe tele nas siebiew ait ameay ae | Randolph. ...... Southern Illinois penitentiary ......-..--.||.-. Gl Ce ASer ri ssorene one 0: tena «(oe nee 
: 3 miles from Pinckneyville ....-. | Rerry....-..--.. John D} Da yiy. coed. wet oacwetatepOe eae / White sandstone ...).... G0! 28s. és ve ds 232 oe 
CDA one naan = onemp ng eosniet aabe Ee Clay bets... William) amp (109 eae coe roan Sandstone ..........)..-. GO! 2... 2.5 oe. anes 
5 | Mississippi river, 4 miles up Hop | Madison ........ Nis Wis Grasefordiaick «ccd weeks ncueneeeee eee AOEes aenckatees |.---do 
Hollow. | ee 
a . = Ss 
MICHIGAN—LIMESTONE. 
1 | 24 miles southeast of Raisinville..| Monroe ......... Frita: Rath 22.0 03-0 oop ee eee ee Limestone .......-.. siete ubedece a 
2 | 2k miles from Raisinville .........|... do 
| Bunda «wenn eneenn sae Clcc0i{ Sota 1820200271] Magne ae Mad htt rote tase ella cos sree -entnonees 
rat is es Aldldashrnatien igh re weteeeeeees Wayne ......... B.Bibley: <s)iaten cuss vue <ce eto ean ee RE ARTO A id a RR ST 
REDD Fp sen esis feeyenaaiedaie Alpena ......... Owen Boe sso ar hrccnceeeeetene naa White and bluelime- |... -- i cocaine, oko aamaaae eee etd 
stone. 7 
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STATISTICS OF BUILDING STONES. 87 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


INDIANA—MARBLE AND LIMESTONE—Continued. 
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STRUCTURE, GEOLOGICAL AGE OF FORMATION. 3 3 
ES 
Color. | a 
: : Jointing, bedding, or natu- ; fy 
Texture. Stratification. vil eaetaeoh Period. Epoch. | & S 
SIUM eu eeb ets ee eet tata te Semi-crystalline .........- Wavy and massive ....... FAVON) GHin wee se eee on ers vere Silurian) 1 ic|ssesoxeeccoyeroree. 1871 | 61 
“EL SELL fp teal see eee a tae “piace RSET CARAS A WM do dcsAneteacecgceens Lee! do Sea eee eae] ss QOS Ouse eee cused rcaerrorrer end le 1874 | 62 
Eo hy bpm seta ea ae “Granular (oolitic)s.28 2%: Masslvewritsescsccee cease Even and thick -.:-....--- “Sub. ‘Cartiggiferous sady dnciearaee dseuLy 1861 | 63 
Loi D ised (Sab heer Goer on eee iar dis = aa er UOis eens tae sane eee saws c GOt Be ect eedatee Ph-dO UUs sliweens| saseankeastnewemerd 2 1840 | 64 
B53) it hea Ge eee Son er OBB dare acco. AA: an sheinpaemeaOon Sanh epr GO hee UE Fecal te aonieN 2 Weebebr|desdas sear nace ds dels 1850 | 65 
INDIANA—SANDSTONE 
58 a+ Se SOO BeBe Coarse ......... .«.-------| Coarse and massive.......| Even and thick ........-...|| Carboniferous ....| Conglomerate... -. | 1860 | 1 
ae and bluish gray.....||.--. (Sb a one ncmaccs faci i5| Pes (hs eee enenencerr Aiseot Oe slsieioa a EMER cok ctmiell| lmsns OR eee eo ena Q. ce. smbeesases 1873 | 2 
POV RR GED eee ene eat Fine and medium ......-.. Even, fine and coarse ..... Even, medium thick. ....-.. ae) Pementicear J. sWHSEL BAUER one | 1850} 3 
ne Ae | Rae Os alt antennae a nieve eke ls ar DO Petetace eueits a seme arene aes Ope REL OO, PAG 2) cual «Salo eee 1830 | 4 
Light brown.............. Modinmivsessscers sce +e*s Grrecularsslesveecwe ssa. Even, one 30-foot stratum. Carbantinn OUS LL. a). Feb e Bose a 1871 | 5 
ILLINOIS—LIMeEsTone. 
DPA een an esa5254ase54 Fine,compact,partly oolitic, Variable .......-....------ Even, medium...--...--.-- Sub-Carboniferous |...--:----<-<«------- | 1867] 1 
Mona oma. 6c). <4 <2<se5-<< Medium, compact...-..... IM aBSIN Gio oo seca san ee ease Ven tbiGk oF ke vest os = 1||'~ 1877 | 2 
MOP Dee te tal wokeceins wes Hino, COM PACU. --- = - a. 4sc ee Fee OOM on oa spec ce aera sle DAG eas Een. 1878 | 3 
TDOVEOLED s 4iaa¢e<5sen455< MeditimefOssiliferous: sje. top G0 2: clas. cacace ees scald “Even, thin to thick........ 1880 | 4 
Se thi(n 93 e Fine, fossiliferous......... 1S SiGY 2c Oe ee Re eae Uneven, thin to thick ..... bbfels 1880 | 5 
eae Meressaeescacsae seo) Hine, AOSHILILCTOUS =~ == =-/ Vatiailers= ties aes oes Medium to thick ....--.... 1877 | 6 
Be Sane oc oklc seine G0 Js2. dS OE ANON AMasdivdslsdel Al avid ice Even, thin to medium .....||....d | 1877 | 7 
“Light OlTaADatece nace seaceus ‘Fine, COMpPactss-f-cseaccec Indistinetly laminated ....| Irregular, thin to medium. .||. | 1874] 8 
SR eee tals oa) enn unin = Medium, compact... ..... JUTE fay Sa ae Geren mec oec Gi Even, thin to medium..... MA 1873 | 9 
CON TN) occ a o@ apap pEcepoeaoe Medium, crystalline. ...... Aaj OO). ces jodipeboeesecas MVON, UGK toe quests ve c= > eae 1856 | 10 
SGT tlers oc oe \n/is cinie'w'nineoss'six Fine, fossiliferous...-..--. IMSSBIMON semainic cs ons ciseie cine Even, thin to medium ..... 1879 | 11 
Dark gray: coc s52 o.vcce soe Medium, fossiliferous - ..-. Jos WIRY | emtue See teeeeopee nese Myen, thieks 2. f25%0.0) |... 1867 | 12 
Loman avis ere csut so. se.<s DVisit DLO eines tmieteraene Ree CO iet saneacee cet wae == Even, medium............. howe Silatian: Jo\/oa<- 2 cae oem 1859 | 13 
SLOVataus cw assccrsee seas Variable, crystalline ...... Ma Cin sne ios duce ss sg ciceses Thin, to*mediums;:..2....-. Devonian’ -Laiisilsael.22h ktootee ero 1874 | 14 
‘Light Gh SSeS eee see Medium, vesicular ........ (ie GIG) oe Sseeeeeen comer ene SOV EN) GDICK -ceeen own Mein ae iWpper Silurian s: | 222. eeene 1867 | 15 
Light drab.....-. dsameinisiouis Medium, vesicular .-...-.- MGSSIve eee oeiwe = ieiwe = = 5/5 Medium to thick .......... Upper Silurian ...|....--... Foteidinie’ olaipieysis 1855 | 16 
MISMO L SSE Fou oo scope ese es Fine, compact. 2..... .2...- Indistinctly laminated...-.| Even, thick ............... wt GO BD soc cbiins ano |baaeh Gag eeereaseRe 1867 | 17 
Compactiicieyes ocieiecnese <2 ee CLO ee een a tees ere hia ae OO ea cinn casa ce spinaleve:s Ese OR ee onch sc 4 doe lc ddacwopedeaease ieee 1874 | 18 
Sante Oo U's 6 ote cee ra os TALE Da se oo sets ae es pa HOG Te utLs wadhtbs Ld stage = cre nCOle athe once pcucl's oss ax uetemente sen ga 1880 | 19 
Hine) GOMpaGus.'<5..5nsc.0<) 405 ODeecseasdecceceWses se Eyen, thin to thick......... waa GON Bess ck vebithte bie ad obical aseided ea ote 1871 | 20 
Fine, vesicular. .........-- Indistinetly laminated....| Even, thin to thick......-. UWpper Silurian’ 2. .|.-.s2sedbeta-be ees 1856 | 21 
Fine, compact. ........22se}eas ete ae eet cm en eee sci Thin-to thick sisisoshloc.-.. [ooe GO cone eee eennelse nes nnc cence se ceae 1867 | 22 
Peer pee enis me biacceie a acs lane OO pene ceeeee ace tel- oa Medium te thick .......... sans Gorydeae Lael aisherss oe aesidsidabe foe 1881 ; 23 
Meee OO sep wekcnststeclas=o on eee ZOOS hp ne cee eee omy gra Even, thin to thick........ FAH NS ae tee SA rig Secisee eae athe! 1853 | 24 
sees eee 2 eee BEE pee sesceeeee ceeds Ven, thinsto medium 2... .-|| tos Mor sett fou set on)- ce cce coe pegesemEr | MLOtaet oo 
Fine, compact....,.......- emeiatinay laminated....| Even, thin to thick .--....-.. Upper Silurian se sess 22 Se. see swiaiereis = 1855 | 26 
ee Oe ee a ernie (Se OG apwiceee sa dee cco cus ann AO gd eeaht ete EE ae dwae's ee GO}LE dns sectosininni| ss obineleige tees eet ee 1852 | 27 
Hee Oh meena Gyarg aden'ssceemsnie | SETS Ds Mee Entei s ets ciate asic comers De (atone opts toe See epee See UGE OC Nina SRE RR EE aS 1852 | 28 
Seen fl1O bo temscatacmste seaipia a /ele et) va.5 OG Bee aacaneketens << Eee ON ies sabowe cassie geiare Sse CO! Spa ain o'e w'ciain, a aie Gis ome eat eee eaten 1866 | 29 
nee aga te es ane etree iets = BCE Os eee eer re: teas Oli) NSE Ree ae eee caf Ona peer ee ceteris ce tm a 2% ssorOOyee 2k =. deeeecilt Se Sa. Aas ee eee 1854 | 30 
-| Even, thin to thick...-...-.- Upper Silurian srcih 5.3 es cene-25-n see 1852 | 31 
Even, Median fo thick... -\l'5-.. dO. --co--smnn| memaence santo nee 1854 | 32 
oe 1878 | 33 
1869 | 34 
1869 | 35 
DIP) Ooch SGaSSnae sees (Wikia bie ee aten ene rinnieas Massive en, thi i ilurian ...|..-. 1872 | 36 
DRG Uaeie Caius apc cm esc croc n Fine, compact... +-.....--.-4k- do do | 1848 | 37 
‘Light US ae poaboaeeRcnee Medium, compact, and ves-|..-.do 1848 | 38 
icular. 
ILLINOIS—SANDSTONE. 
ei eecrecerescsearces sn ea Coarae teh. oo eM MASRIVG s2rssizcssccs220% Even, thick ...--.--..---:- 1 
PeseOOmisarteasccs eqecesenes Fine, compact..---- sedr32: rregolar 2255222 rct bss 32% Even, thin to thick 2 
WE oan benee ea dennbinecesdss Medium, compact.....-..- Diasec aincss sencsizcsce Even thick. Sse = Sas 3 
RGIS os Ses eters ta COMpPACE: |. ew orcceeee. Indistinetly laminated. .-.|.-.. pee aie let oy Geen | eee do 4 
Drab: --22222.-2.2ssees8e53 Medium, compact. .....--- NEGGSIVO 222 22522 .cestesss pera: On BORA see gss 5 
| 
MICHIGAN—LIMESTONE. 
OVA occkG wnacecictesteeces Medium, compact, semi- | IMIABSING) tarssbarasiecicntes on Even, thin to thick........ WAVONIAD  teteca-s|cevceccsnnesmnet end 1880} 1 
crystalline. 
sas se Reet seca cGalteiats ails = Fine, compact.....- acre ete = QOMe eek. le ecatowssarans loses DO tye eaia see meite dais es <e|| ssc - WO acces ck Con ce las don ates oy orn =beieuEs 1880 | 2 
NE ees Sears Fine, fossiliferous.... ....|.-.. Goleta ccsen cence Uneven, thick. ........-..- Upper Silurian ...|..-.....+--------+-+|/------ 3 
Light race += ccm cinsigs fatal lee LOLS Aneete Messe eee mea Renae GOSe ace deeeeoseesne emt VAT ELGR rite see ony Davoliin .acn) 622; Pedder eens eces eke 1824 ‘ 


| 
Eira verse eck eae en MMadinrepeebesstes. cu cates cA pie toe cciiaere Gece Even, thin to thick........||.--.. PTO orgs eee LE a ee ae 1879 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS. 

























































































MICHIGAN—SANDSTONE, 
SPECIFIC VARIETY OF STONE. 
Name of the corporation, company, or 
Location of quarry. County. Rae e ed ial a i 
Popular name. Scientific name. 
gE | Sea hey eee Sig UP gO SN Monroe ...-.---- Henry McCarthy. wee ee cece m em awe ns wnnnns Sandstone .....0.....|---- +--+ eee ee ecco eee eee eee ewes eneeee 
a UeStons Poth oe occn ks ems tingen cs = Jackson .2- 2. 22: Michigan Stone Company ..-- ------------ MO eee eee eee ee) eee ee eee eee ee eee ee ene n eee 
3 | Ionia township Sdeininely aida swe teeta Tonia. «cere sae C.S. Marsh & CO...--- 22 e eee eee e ee eee iz ae baal aaah ea) | ahd be boil ol eines wns 
ib Sart, ay RM ee Oe ca lig LC ..--d0 ...--------| W. BE. Avery & Co .--. .--2--02- eens ene nee =O oon nee eee eee ele eee ee ee ee eee eee eee eee eee 
GS aMata notte 20 his Poa eanaanss hen! | Marquette -.-.-- Watson & Palmer .... -------------------- Sn nee been et eee eee eee eer ere eer erey 
WISCONSIN—SANDSTONE. 
1 | 3 miles west of Waterloo (a) ..---- Manoweree sae Chicago and Wisconsin Granite Quarrying || Sandstone ...... .-..|--- 2-20-2022 nema en enn cone enn n een en nee 
Company. 
9 Madison, 8 miles from capitol SLO ean ataee David Stevens) ccieaceiix asin olen etm eiatem emer there sD ois oemeicles onneais [dhic senile o's ale wis a sae nant ate ea eee ee 
building. 
3 | Madison, 3 miles west of capitol |....do ....------- August Penndeloeacsccse-henp reenact eee Ses O oe, fasatsiae pm retb) lara eye ai hems rere =e Seo Senccusecens 
building. ; ae 
ANNSNT as OraTOL Eee eee ere eee | eee AG es tees oe Bred. StiGKMCy ee adem ps reese tenses erect Calciférous sandstone).--..--.---------------+2 seen enscnncenae 
UPA Oat eee newness nee Sa Reese bones ak Chicagoand Northwestern Railway Co ....|) Sandstone... ..-. ..-.|-- 5 cccewncesce enn tsesiseneneae mannan 
“TWN E trie a) Rear Ree ene Sree Seana JUNeaM «--.-.00- COW POtiers seansescete es ee eee eee ee Sandstone .- .t.02i| 2 ele ceeeee enin. Soe cha men ies eee 
7 Uy ene ieee Gnu Kcdcae nae eens GB eines BW, Drain setcctcs se wae beads seam tame et CLS aoitnih open nace) \atcimiaiota em eral eterene aise aaa weet een mewn 
8 | 3 miles northwest of Alma.....--- Butialo veo. seen Beef Slough Company-.-....---.-..-...... 210 once weaned encell cess ne rnsccae nee ccd tose nea 
9 | 44 miles west of Grand Rapids....| Wood...-....... J. Edwards & Co ..--...---05-2--20---000-. 22 MO 2. eee eee ee fee eee cee e eee eee cee e ewer eercees 
LO UMEIOVER acon wcce toe hone sae eee ene Portage, .2.8/5--5 Mrs: BG. Baker kc cemcwe state sale sw elteaten ar wee ca nabunsisig choad a luc cviat vials aeyicinelslsloleltleeu stele tet e tae 
Toes hovernsnbomt scene emcee Portagene te sacss oD FAG RASGE Vp hie etree le ute ha alee oa etaletatets at eine tte || Sandstone . 2... cece in| .- bcie cee alc cwe'n a amnieciae setae neem 
PONE LdO feat eke de denne tsa ae ene ea llO) Ueeo aust ADO SAG OR clsem eine cena omeemenreseetete ats We winsO: cuskave sngensdcleeemsae ooedcee ac methine helen 
a This quarry was considered of sufiicient importance to tabulate, though opened in 1881. 
WISCONSIN—LIMESTONE. 
1 | 24 miles west of center of Racine.| Racine.......-.- Cs OX 6e SOUS meee enna ps asa ae ee ee ree Limestone .........-. Dolomite ¢ .- 2134 <hademaacise eee Soe sea 
Bs. 00 Su atesg corse aelec bee bata caer FAO Ce ray William Bes witlis: Sons septate trast ioretararn pO cee Si arc iaiy olen Oller 0e bre beet etw eS a wee 
3 | 14 miles west of C. H., Janesville | Rock ..........- Andrew Byronic fc osetes dean cee sn cnse sees FOO coc cadwisn a wlalelel seine weidem bu a ombmssu siahe/eietetet eee ete a etn 
city. 
4 | 2 miles west of C. H., Janesville |....do ........... Cornelits ‘Stout esos otewanievieania © emai peer oe OO) oc wee ecuecls al ecen's cle ceniene wets as cee Gee eee eee 
city. 
5 | 14 miles northwest of Beloit ----.- in SOLO ee sister netics Sanitiel Goss-e.k cot ium sto kee Cem atinee smn sO. 2, Veinew eae wale ce euet seewam gs ce men eee eee as 
6 | 4 mile east of Westport......--.-- Dane jos scevenwe William °V eerhusen ec cce -cmneesdeeee see Limestone. .ci5.62.c00| Sea 2 owes a nominee nig acheter ' 
7 | Westport, 24 miles north of Men- |....do ........... PO Malley: 3i2 2ocee tte enan eee aae cet ne we O's odin ew eluie a ys'b erate fis nym Siete win el Sie tated ure) ete jaralesceia teh eee 
dota. 
8 | 3 miles west of Madison ........-.]. LUO So sae saeses Andrew eimioans visa. cea eicsmeiian/seutes || Magnesian limestone} Magnesian limestone .......-------.-- 
SriPWawkestin es 5 dances s adi sheers Waukesha...... Hadfield 6° GColSkecsne scr scac secs sties hic alee || LAmestone v.snccceete Dolomite ..3.5:.6j:-00 262 semeeuenee eae 
10 | 34 miles west of bridge, Milwaukee.| Milwaukee ---..- Ay B. Mane coldudensro ene once marie aee nee ee | | eerie Mey erm tec o te 
Da) Wie WaGae iss saa a cuiteiaiae ates wakes Milwaukee ..... Story, Brosylee: ie teenies eniais nee ee eee Limestone ma aiis.\-o-|esee se asters canna cle matare hee ee ee 
AD ACL NTE RheTOM eee praia eile Oar ei SA RSs ee cy Schweickart & Manegold...............--- £00 ocd eaertenceasccliseeece cn tama ren Seo Ge alae eer 
13 | 3 miles northwest of Watertown..| Dodge .......... Herman: Benterte. ctcc 2-ecs stiessawae ee vee ob ELAO ‘rch ein eer verte eioelbh alele alerd min a cya splnta (kate ate teen 
14 | 3 miles east of La Crosse..-...-.-.- La Crosse...-... Hrank.W ek kerbs. 2 attincnce er ee samen aee wie DOr Sais win ae ici erareia do cle pl tate wn 0 ta inl cya eet aeealate 
157 a eOOl Meewea Nia dts aoe Ieee eet oe ajaie OO 1Siphe otros ects Hueypoldutbnericnes cee aase= ores aiee sae a BLO. Seren Shs oie wig winyeyal| Soe mim resent ar ea 
16 | 3 miles east by south of LaCrosse.| La Crosse......- Richard: WagvOner cence seas easeaeepe sees Limestone -.- ccs 02) | stesce waco «ces elciesiqe decease 
17 | 3,miles east of La Crosse ..-......|.-.. AOL. stveeesece John Nelsons. -ti\sdeausace essen emctewsee See OOM as cea take renee Dolomite 
18 | 3 miles south of east of La Crosse.|.-..do ....-...... Magnus Nels onsen teers atetetales mad ereioteotaratdaterers BOG foe on inve base sect te OO iia 
19 | 2 miles cast of La Crosse........-. mee LOO rants de anmre Royall ReyrnGldse ee eeeemenae aiaciein\cerece as RA Cee ee meen ota Ee eer Een ERE 
20 | 7 miles southeast of Fond du Lac .| Fond du Lac....| Nast Bros. & Co ...-.....-.-.-----0--+----- GO can cetee nes Dolomite 
21 | 7 miles southeast of ond du Lac .| Fond du Lac....| Marblehead Lime Company .......--.----- Limestone ........-. Dolomite . 2. -22.5.6 00 .ccuee eee eee eee 
22 | 4% miles southeast of Fond du Lac}....do ........... JAMES SV LVEStOrs. soap sisns aus eee wabinaen teak PURO Te Beseete nes at Ae naps be. 
23 | 44 miles southeast of Fond du Lac}.-..do ........... Matthew) Visi Butler? soccccawe on dncia ne emcinue SEE OO)o cos ue a ceieaee ates 
24 | Byron,44 miles south of Fond du Lac}|....do ......-.... S. Sylvester sic secctap ecg em utaarine a ee eee ul COeeeouem camemaeles 
25 | Byron, 2 miles from Fond du Lac .|....do ...... S. Sylvester itis seuss sae bheamars heme REG RA AS Aaa fesceee ic 
26 | 23 miles northeast from Oak Centre} Fond du Lac..-.| C. E. Town ..........---------«------------|| Limestone ..-.--..-. 
27 | 6 miles from Fond du Lac.........].-- Lie ya Se ye ae Christian Geicer sides scecenenmance sem nelle eC OOr pe aeemeatenee ee 
2511 SWiSIEDUL eee sees sere mee ale an OO eecmeteeeee John McCune .-.siersecen en tor aeekerenedlie actdlO ate iaomaweake ie 
29 | 2 miles northwest of Sheboygan..| Sheboygan...-.. HH. Er Roth 220 ree ee aoeee ese eee et M300 seed ee emaee cela 
30 | Sheboygan Falls... .2..2...:.c22--0 CadOwevn seneaee Kelhagen, Bros sj, ofcauuuces a neeee ee sneer sep OO Aw nleaetcacll (a 
31 | 6 miles west of north of Manitowoc.| Manitowoc ..... Lewis Miller:& Co 2225. S2nsssceasenees ats Limestone .......-... 
32 ONASNA. <a cinenacneescecneseeecers Winnebago ..... Orville Ws Hall sci: soc. tcsasasce a ecereseten ged bY a Borgcee oo. 
Ser ee a 2 ene aeoek Baba Rer aaa BRA ete Ber Charles(Gorhardtit cose es cas ceene Benne sietae Bena ey ees anna sate 
eNom oA Ohe Je acs toa he socienee oreo eee We CO wias sees wre Patrick MeGarth ns.secetcasmeueanhemeanee ener O eta ster ars aes eterno 
DOL re ODE est aalacn sacle Peoce ee dosh Oimsncaseoe ce Hee Wie MOU GOI a crad bina sce cw ne mteened cee a0 vipcidceptete wee 
36 | 2m.southwest of center of Oshkosh Schneider & Frank Limestone .......--. 
Bi GOsikosht sahaeasncat ewan neeee Brank laste. -ceedenas =--00 / 2-5 -<5 
38 | River Falls .......... PE ee Thomas Walker. seseccese eee BAS tA OAT th ee 
39 | North side of Fountain City...... Richtman & Kerckner & Mattansch ...... Sandy limestone 
0 BAA S550 ce ech eae mekeweeneeen Matthias Brann J: 53/9.) .220 onde aeeeaees SC aeeOmrae Gaemeline ve cleciemae veacewsdoanscucoue Some ten 
AV (Kankaunaiceccecs -sotcauds seeks eus it i 
42 | Ledyard village... 22.2202. phe cid taheg pha arr utd ey ee ate 
48 | Appleton «noone Waters & Green.....-..-lebereqnescsdeasedf-ent@® vetecaecs cecsdlsas: 
44 | 33 miles south of C. H., Appleton . Yi B. Watenw s.csc-,0.405 coteg pee SAMO stl pcl Non Cialen ciaaclpcaeoanioenaatae ann 
AG) Hortoiivilless.atacte. tac. ule mee EW hom pson se oee sees at econ Leeman ae BWEdO Goan boats ence Moab Lees As 5 ae Ae 
we int Creek station .............. : riser Baunettdsenccccchect esses ee ees Limestone .......-.. 
Gere yepeeen ning anes cing mmiare anal atm lesobeatel nacre O ...---.---. hicago and Northwestern Railway Co ...||....do .........-----.|--«- 
48 | 6 miles east of Hudson............ Saint Croix ..... jee Gibsons co: Westie aoe Z Dein ciemte ae ao 























STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 








MICHIGAN—SANDSTONE. 
| 4 
| STRUCTURE, GEOLOGICAL AGE OF FORMATION. =| . 
eS 
Color. 8&8 
: : Jointing, bedding, or natu- ‘ iy 
Texture. Stratification. rilhadataces | Period. Epoch 2 
PS Gilgeet coe ue ce sweeeasa Medium, compact, uniform) Massive ...-...-.--------- Medium to thick .......-.. Devonian, 3.26 s25\2 seek ae oe cee eee 1876 | 1 
Se ee oe ees Pe ee MGQIDIN s secnicce seas ensne BU OF ages Moe be oe anaes HVen sDnIGK so oe eee sets ce Sub-Carboniferous!<.)....:.ssscceeeee- 1870 | 2° 
aa Slee ia a 8m a al edn) nl a nile wine anole miele lvie antenna) aginiayetateiinia sistaareeiatslciaa| sinxain ees is sici-in\<cietew alain cia <n Uarboniferous 22. e225 secsec cttat ese if bOOD eo: 
het cotcoa seid soso 45)] IS 588 SSB E ES Er Se AS eC ea ES Sen on code Sate Aenea Scr) Ee eee oe aCe pee eee aes Se OO sacsawiss caudal oa aoh ache weede need Ih Lee 
Briwilscesetnecacewencss: Medium, uniform ......--. IMaSaLVO%S s acess eens see SR GRO Kiso s.ccten oicas x Lower: Slluriante,. sls. ceocce sus esene ee. 1871 | 5 
| | 
WISCONSIN—SANDSTONE. 
De ORGOTAY vacaws cess 0:2 WinesoSeeeccstes seen as VERS SIO etal ae or etelale eleta~ernio= Wneven, thick-............ PCC OU SB AFer eels cciaaia|t stiemee eens see eee | 1881 | 1 
PS RL Le sates we aioe niciw ain S'oi0'e'~ a nis AO tena oiahttatalehetieieetetalat ft BEd) Voc BatHScene pene. soe iin tO thick cascsvsses=s THOWSLISEUPIAM |= - ae seme ne ass selene || 1858 | 2 
a I) ote AS eee Win, COMPAGU.. so0 «sac 5\ Seti = cee Hae SCHer see Spo TGVEN, UNC Kroc ar cele scien s =e Pe OO sterset ee cnc 5si| et aie eiseem Seles em | 1876 | 3 
lh ee ee Coardtct saeco aes ne A ee eee eee ovenaimediany to uOk ey eet Otaeseced sollte cues se ee aunee | 1850 | 4 
i i hindistinot a sees cls dalks Ben uniGk 22 o-oo ne ance eNO, wanocs s ESE fete cateecaeceone 1880 | 5 
IndistinCiiessascceses25. 25 Even, thin to thick......-.. Tower Silurian?se2)|-ssescd: ss-sacnces one || 1880 | 6 
BA Geet eee ena ont | edn Wee Cr curaer cc. J SALA G Esmee, 2 I seen oak 6 Eee || 1872] 7 
“Massive Rit Se eth eee bade ae Even, thin to medium .....||.... Oe cee eile stu daeeet eeemee ead || 1879 | 8 
Indistinctly laminated.-...| Uneven, thin to thick -.-.. Ei Ko ae a ed i es is at Sk ee || 1874 | 9 
eee uagnan cance ach asco IME GOTT Mae tonie tomcat s Lerépritanlsscsciees saoea ne Se Even, thin to medium ..--. PesdOits | actos Haters tec eee e ee || 1868 | 10 
AMG Mb Vacs ae tloeniewcls ae! AGYshipbiny HAs SSodeeseces nes Tere Sule esas eee ates Even, thin to thick ......-.. ower Silurian’ «.|0- sts seems aeacle 1872 | 11 
eres dates sais = ¥=.<\lh5 See O ote me eles a coal tia te cae BEAU ie AME AS Serco ORF red ens LO er malar cit als a Sictaets SOO" da tame nisisdenini le asian ese cereeeros 1859 | 12 
WISCONSIN—LIMESTONE 
JB TENt) ois Sea sesaceScaeaeee Mig eevee vesicular........ WSSSIV OG). cea acoso ees se Even, thin to medium ..... meaty Silurian sss <\\\ss a0 Se --vensawaeeat il) 1879) |> a 
seers sewcalacieane scideenn ne SQ ciby coop okeass Saco ee OO wactwoenaedeccseste cee Bt Oe eee eta ats Stacie PEN OOl ee hs og ceeminaniless cs qataseamea aces 1850 | 2 
ogodititserebepoaeca eeecenis Radiat VesiCular s..s-<-21s ae CLO ite ete ait otclatata ae wiial sia. “Variable, thin to thick - ower Siarian: - -\s.2ssssc—sssmraeane | 1840; 3 
MEE O Mea tac nis Set alclarcic|l| sina OO'|samece de cicmie ove weiss ocniels BER OO cama a ciea sinicinnieceratesinas Even, thin to thick -.-...-.. Se Nicos vasigaa onesie de sta cme e emesis 1878 | 4 
PapROOur er ecessee ccc caseem= = Coarse, variable. ........-.|. ous LOVemiteisi eae oo slosircc em Uneven, thin to thick...--- BF A Octarcinis ax’ cnid | ae oeiats) gate asin siae tees || 1860 | 5 
BRUT ein aA cles on) 2 slaislnieis (= 5'5,0 Medium, compact ....-..... IMASSIVO Varennciceacinelnce ais Medium to thick.......... Lowerpilurian.. .:)-.--s-saceas soem 1857 | 6 
LBA GL) bt a eee BING; COMPACh. < -cescce~ mn are SLO facisiviniaitin vic aeime.cied Sass Varia Dlenuiin tO ohiCkeo =n: 2x COls cea» oid acces | winmre aad etd sineteiaeto me | 1869 | 7 
ioe ARS ee pee EeeorCeere Wert Diets. een net cocks es |e Be OO oa ees tad pcials wee Even, medium to thick . 8 
TUE he Soca pe Sepre aes Fine, compact... <.-..-----|- FeO emcee seeninn sence ae 4 SE ee Ee 9 
poet! (Ee GE Sere Seer aenpen AiGhd Pe Se gocoesrnodcere cols SA) bonne tebe Secnis (enace “Even, thin to thick ........ | | 10 
| 
DRE ae mana ccc s es <= Warlabletcecse< cescasces sec INERSRIVG cose cece i= sce Even, thin to thick......-. pe fa SULTAN eo. cen cease enon 1856 | 11 
sen Wh CoeRaO Sanaa OReoe pees COSTSGE | Fass agin waded ats May CO Vote oeicane ascites weiss 2 Bede ett OW on cdO: «dea anzeebe «| one ee ee 1845 | 12 
BEE Oe aia's co? <a ewicic wewin Ss (WEDIEDLOVsc see ceed mecedaaa. eG EAO apes scat ep ene kas ‘Even, medium to thick .... Panes Silurian. s2.|-esecueee 1878 | 13 
SEO ARAD sacia'aieeccee oa's-'||- eal OFe ries chiens x cts ccc a VEN.) DArallelvecems pees Even, medium to thin ...-. tn sQO eke cicceunere reese ae semen te peeres 1870 | 14 
son he! tore canna Sppa6res een OOtsacinmseaiteenen cess ean LON eS WAR ieee res sciences Woven, miediomito.thin. . ||; ...do).cvess..+c2--|-nsenmecensettanbes 1880 | 15 
Waria bl Ginsacce sense ao -ecue gree lar esecs2 3 «negtes »anic Even, medium to thin ...-. Lower Silurian=2.-|: .co-c-easeaes enacts 1879 | 1 
TAO eee on cette ners eect 2 UPAR Baas Ee heel ven, medinumi.02...3. 2.2... {On gun ba wteqrerctnsts) | Seige pe en aaraseiste sears 1860 | 17 
EES OObacee tere hae i onse mes A ‘Even, paralich 2.2 5a. Even, thin to medium ..-., oO! Seay eis das 'eicicif tans aerem sitio eres 1872 | 18 
Es OOM went anisiaae uaa aatrtals Oh a ie ee aa Bey aR NRA Se ON oc cieeeete Ja cise win Fin sie sho) suet melee a eee 1850 | 19 
BA COniats se cunco ces eee cats Pee Otenissuecacanes ates anes “Uneven, thin to medium...|| Upper Silurian....|.................--- 1855 | 20 
Varinblecccess< doses cast a= Even, parallel. .-.....--..- Even, thin to medium.... || Paper Siluriane2 saison sce sees 1880 | 21 
Fine, compact eee 1850 | 22 
RT Fey atel re bTeie ree 1858 | 23 
ARE Vie 228 oe See eee ae 1864 | 24 
SSO nes cate eee eee a te 1864 | 25 
DEAD eata sweet = oaerdas cu ialnie || Medium to fine ....-....-. IMIGSSIVG™ 2c. staesneacseees| Even, thin to medium ..... | Upper Silurian... |e. seeeseses eee) 1878 | 26 
BE eeteranisia ta aaninias's a> Fine, compact..-.....---.- Even, parallel...--.....--.|- 3: ao Peete scat joan = les Jo---CO ---0 0. een ene fenn een eeenne eee e eens || 1873 | 27 
POO cals 2 civ a aiatuerte isa once lit Hin@<Vesicnlar-.os.uscecse le Raid cine oumemi my SMe gi le see eas | Oa cece atte taelseseee see sata semeaes || 1850 | 28 
zApEt Grabsecss-<<-5------¢ Hine, crystalline’. 7.32.52. MaGulVerc Coos kcune Cite sos Beant thin fo thiek .22.- 227 LEGGE ace eee cap nena nena ceaemem stat 1854 | 29 
Bee ON pe aie cca ol stscinc nin's Ben O or sian Sue ageeaee as TMGIStINnebsyaeees seo seems [Rac 0 OR Naess eaeeAaae nse i. Ci eee Se el Sen eieesee come sche 1879 | 30 
UG ie Soo se Meee eer. Wine. COMpPaCb-ayesocce eens MASH VEGlusea~ cacre en uccnee | Uneven, thin to medium... | DM pper Silurian sa-\ ones. ase eee 1868 | 31 
2D REA te nee Ser Snee See Medium, crystalline. .....- Vereculane ae .sj.aceeescs « Uneven, thin to thick. .--..|) Lower Siluriay..-..|.-----.--.--.--.----|| 1876 | 32 
BcAO en casis'ss os ame custo’ Coatstie-c. 2-2 lace cones BE Ge FUe tae enti s = c Wnevenythiny 2co.<0p. see: 33 
eat NN) oo EBA SE SE EER Sodoe ae Be Ose commences a oecte es wall SEO etm catentera soe atria = Odors ye baa teeoes ales 34 
ea pies ae as secant cestlace MPAO) See saci teenehs oS hee Gtaten ka hae as ae ctenenee ‘Uneven, thin to medium... 35 
STADE sons Cweceooaseuc sees Madness 5 < cs sdaoshse ndistinGhesssach asec ee oe Even, thin to thick ........ 36 
BRO areas eaieetd ae ee EAE KORE ee ORE trap ite Sea SAO eae ee eae moe nee Even, medium to thick ....|'. 37 
Drab and buff.........-..- Medium, vesicular ........ [Yariableeiisge-!. «tccece Even, thin to medium ..... 38 
bieht) Pray /s¢< es sheds dee || PAGER Ae aaa mee e Ul MAGS VGucoomeneosreeccesee Even, medium.........---- 39 
MOURA Vics c= ora'ain este ars op oes ee PAOLO) rae eel Sd vaitnseact rom secs CUGieecener coe aceoae oar Pat AOne tek 5 dete e vane Ss eee 40 
ITED Se aain ste see seo < tanner Medium, vesicular .....-.- drregulan sss cone ke aas Even, medium to thick .-- 41 
Bed) wares ln ance Pen Fine, porphyritic eo lise MUOteses Shoes d seas ane er YE A ORNL Sie 42 
BE OOl son ce alsin acted es EWirinblemetentit.ccacacees MSR yeies sae eeece cose hoe ‘Uneven, thin to thick ..... 43. 
Ber Ots hs daca worse Aiki pies Pees A ee iMETVOGOIAN coclctescs cae cn sars Uneven, thin to medium -.|).... 44 
ENO ttiacs scececce teste ce “Fine, compact. ......------ pMiaeaivGtesccr ee c-aaceme. = Even, thin to medium ..... 45, 
HOPED ye acsasintamz)saseusia eli NON POLp by TiwlG ao: asm. Rrregulan .ckssceseesssses: Even) thicken. e-thitcascens 46 
Sc. O0 chats, SESS 3! jeep DO. neiaaeaianen al Dan Mame kal eon ee ees adh 7 Agana et soa SE UE BOGS EA re 1879 | 47 
seretily Medium, fossiliferous ..-... iMaawlyo.. ssuagassneneteacs ‘Joven, mediam to thidkee..-Wievdditas tap caves liceessdect esc ene 1879 | 48 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TaBLE IV.—TABLES INDICATING THE AMOUNT AND KINDS— 


MINNESOTA—CRYSTALLINE SILICEOUS ROCKs. 














Name of the corporation, company, or 














SPECIFIC VARIETY OF STONE. 


































































































Location of quarry. County. individual. 
Popular name. Scientific name. 
suk fa ee ee coset cn | Lmamboniee oe eee G. SWReed er a esereto. os oc een aeminant Granites. o5.. SST Hornblende-biotite granite -.... = 0rue 
Be eens racer, ice octane ee Os Breen & VOung get c 1.5 we war easeaedt dO wah rehenseens Hornblende granite......2.2--c000+-- 
3 ‘Taylor's Haig Oe eae ee Chisago.....-.-. Minneapolis and Saint Louis Railroad Co ..|| ‘‘Trap”......--.---- Olivine diabase --.---/---2---5éss--68- 
MINNESOTA—MARBLE AND LIMESTONE. 
J=laGtiliwatermee cece re cote ae teers Wrashine ton -o-. David PresOOuu se esecmmes cece oe eeen amen Limestone .-.-...-.- Siliceous dolomite and dolomite ...... 
9 ls WIRE OS fete ae Pe oe. SU AH (ose were DADonghte. oo 2eeseacis se serene nee eee SP ewer ee Pac abet 2200 Arete sg 052s Ree ea ans 
3.) Maes wa y= keer ti sas 28 SET AEE “Eagar ea. Bid. McGee. cco. 0.s) teec. oon te eee meee Je POO et tet Seek eer Siliceous dolomite .......---.-.---+ Be 
Tig) > 2 Fa RES ae a Se ee Oa seiaeia bictsiaye John: Conkling)... 320-22 sscqncccnuarsnnees ROO eee pee ee Siliceous dolomite and dolomite-....... 
Fi ain ean] eh. Mee Ris eee ae Ramsey ..---- -- WML, ROGHO. (Sxcmieusion nace eceane eeete eae Sa OO) cakes qutattin 2 Magnesian limestone ..-... coset bee 
Gaps I UNC TICL Bieehe eet a ue recat re 2 ere RA DISOY or stetese William Zollman ...----------+---+-+------ 
7 PLEO ae ee x aca neete eas sacle el ea Oe.) Sewer William Dawson, lessor 
See OMe eset teat scree sete ecee aa OO) es vous saee Breen. vy OUNE 55.5. 3s cy alee eee ees 
9 ML Deettte ao erat aris dsian Seman ese rlaser GO Fetters "A. GObzIOME 260 selec cena eee ee eee 
TOW ee Wop AAs Aaaqeeboeen Neola goa ase” AOieze secretes William Dawson, lessor 
IBT\ ASRnER RRP eee eb ose sea sen ee coe Se Ramsey <<-5=« =- William Dawson, lessor ...........--..-... Limestone .........- Siliceous magnesian limestone ..-..... 
123) Wiest Saint Paul (o-.2 02. sec OOD pe enignece Adam Raw .....-.----- --202--esee- eee c ees CAE Ree Magnesian limestone ......-.:issecsne 
13 | Minneapolis curd ehenie & Rt, tle ecidiwkcs muna Hennepin Seelam Wie WW HUSiS BRET Soca sie omer) os wie ele ale lnietore ater SRULD Povece shemale eels = 0:00; fo0 Ben « aac 0 9 \a/ncenehe tae 
TaN ee OOlacee got ah pate bet ese Geneaaes Sed One sl-eeasia Pranklin Cook 123. <.4dea0em seam Simpinehotee ee eG scieihe wae easier ei er CO) ooo 2 2 nisi oe ame eee a lee 
15 RilO!< Ya win vieie usa sla oema name ening ee ea AGS Ss tecsec OO CAR Be ws = OSES Seen na eeeoiscscnes. * HOO Seon saath eer ple 10) bold. + enkanaaasiqs annette 
16 kimMeapous-s.scce-eteeeee sees a Hennepin »...-.-| Charles:Sandhoff 5 ci rceche ceceusence ee Limestone .......... Magnesian limestone ...--.....---.---. 
ee U1) SoS aw hole cre hee he poe atin rart aed arora MO erste oaee| Weeks-& -Holecher ce ssesteereeeereeee STU eee oer te WO oc. .aes prac e ae 
18 | CO. eb nee temeebepacaseeore ae .do >| Dames BAXtE? 225.02 eects ee MBAS ee br mchs WeSdO 2 ak case eee rren Magnesian limestone and siliceous 
| dolomite. 
19 | AO cne oceania sae ns eee em acen liek COs chied centers Holey & Herbertiewses ones esas emma efers GO J teninte oe ese cee CO, b..nie esis sic cinn 2 os Gn eleva ale eee ree 
ZO. Red Wine wees Zone ee eeecencers Goodhue. ....... GA, Carlsonico.ceeeee cc toceene eee PeRO Rene ss emeee sees “Dolomite .;..-..1+ccsecasate ee een 
tied. Wines. ..:0s2ceeteeeeer ee oe Goodhue.....-<- | RS. Berclond 2265 2 =. acces biiees semis Limestone.........- Dolomite, ..o.. s+ -c+2.ioaecese sees seen 
22) || PPOn{eNaG: ki zewclece veeeah eo eee -e-GO ean dee etees |*Posterin @ CO.t2522 eacwcaesoneeeee ceeneees GO Che vides osiesie Og «04 ante wie ae ae soca er cenieeta teres 
23.) Cannon Oy o.cnbejstecers Soporte ee IK eaet serinca on PAUL piCTOMek cae eaies seas eee eee eee OLE Riemeasnees “Calcareous dolomite and limestone ... 
24.) aSota, jas 128+ wens acienta a sehaete Le Sueur ..-..-- JW. Baboock.o. & 2.2 ddencvescacneeeeas “Sand- OOK J}2 des eeers DOLOMITE . 22.2... ad. foe oe coe 
D5 hee OO... a6 Coe ose meme baise ae aesere BOLO Sosa s ase Breen, Young’ & Co. eos. see neeer encase <p CLO pace alee. 5 wie Pattie -@O assesccceme<s > sieseeee es meee 
26 | 4 miles north of Mankato.....-...| Blue Earth ..... J. R. Beatbyk& CO-oseceeewccctereesisseerects} Sand-rock ..2.5- .<s0 Dolomite 3... <n ccemn tqeeee eee 
27 |i Wha batho ayers araterae weit seieiaias Biss POOR asda ©: R. Mather eo a cc cceweeeensce cea anemae Pi (0 EROS Ary eN ie woe cinco ec vie spineless reine eee ele 
280 NAG ue Us ae dee ence wean ie setter ees ae aes J Ha Beatty = aera onset se sear “Limestone .---aceasclesccf@.se9s os. eacen0 fone 
29/1) Clinton: Malls) nijewiacsiccs oeeto we ee BIGOT. jccact Lindéersmith Se On = aac acs ses Meelaneemes MIP OLO-EO Cle see attr eee "Biltcoous dolomite <<... 2 02s. es eee’ 
SO! iMantorwille (A 2.1 nas saraleatelorers seed = Dod ees ose. He Hook, P.cMantor AS Doig stseeen cece kan Limestoné’........- PAO aes ote Lib. SL esa See 
| \ 
Si) Wp ten ck: ewe ntree Maan Wanena 75.3. 2s< Chicago and Northwestern Railroad Com- || Sand-rock .......... Dolomite: ..<. 5322... cee es seme eS eee 
| pany. 
BT WAN ODI + a= Ranier aloe ate whale ore Sass sretelleo= ae CO! Wspaneciats oe C. ER Porter. Vetere ace cee antec eeea eee Limestone ...52. 020 c]2 002 GO noc sigs 4 bocce cobs eaeee cee eee 
537} Soe Ole caUeaats eae See eee $2 Ore ea oelee ae JObn:O’ Dae’ 22 sacha se mee ee een eae cee Jeg hlgtc cane decca acts mgclO ns ate ia sienna = welele antes eee 
MINNESOTA—SANDSTONE. 
Jia cHOm CGS 130 See cine ce animes sae Saint Louis’ <.22| uM eBovletees os0G oe aL need Sand-rock ......-.-- Sandstone ..22cc-dscsecc 2S eee 
ag lt PM ORIG Y suas ae ain sm oenle eine Seu ee Pine pi ddaeteacte Saint Paul and Duluth Railroad.........-. BAG ee ee es £10 Liedes eccddecsat GSS se eee 
Sel) CORT ES cere ewe sin eee men. DCobtietenarceset PHI Kipp te Seetee sok eae see ae eee ZO nie sweia sei etecete BPR COMBRESP EP RoR er miter) ec 
TA SERIO Ae eprom Sect Pee oe aaa eal eee hot eae e | F. Nicblin J2.ie5o! 5.20). poe tee cee need <0) oc host eeeeeee S00 Se siegs tones Sets ocod Cosatede eoee 
piPCounthand ios c: 5 sen eae eeech es eee Nicolletic. 2.22 Eyitz Meyerding 225%. sateen sacra ss | Quartzite tate SEG Sah “Quartzite een ics 
IOWA—MARBLE AND LIMESTONE. 
| 
1 | Allamakee...... City ot Langipg 2 Je. awsccsescceeeces =e eens Limestone -..-.<5-<- Dolomite, siliceous. ..........05--..555 
neers a Ree =D pete mae Jolin Nelson «--.-222++020+--oyaerenes stent his AAO oases ee Dolomite . vir as danneaedenke dee 
| nile southeast o aukon..... 2 SAG CY te ee rank: Sohn’. osx. A oeeen Gost coe one ) 2 nid a co mams awed was eelae 
4 4 mile north of Decorah .......... Winneshick + 2.4|) 5. 6. lisworthaee cccue.net conemeeeeee eee Magnesian limestone ...-icamaasateue 
ii) eros Ue ola tele Soe el taree aoe eee eer bast ee sne pees es MySteyer sian sh. vat mane eie han te eck oe ele De SR LONE Ss oi aio ain on: 0 5: a.0 ciated tetas eer 
6 | 1 mile south of Osage ............ Mitchell ........ David" Armstrong escccces seca bles seleeeee Dolomite: .- 225 22... cscecee sees eee 
a3 | 2 mile northeast of Mason city....| Cerro Gordo ...-| Poyfeir & S00. 2s. ie .20¢s<vesse see=--dsie TAmestone. ...... Pivescote ee 
4 mile cast of Mason city ......%.. do ...,.-...--| A. T. Lien & Brother Magnesian limestone 
9 | 4 mile southeast of Mason city ...|....do ......./.-. J Gee PAL RGD mca ate eee eee eee Dolomites. osc a0. vuelve saewu eee 
10 | ¢ mile northwest of Marble Rock.| Floyd........... Boone. Brotherseswie cece ce eee eens Mimestane 2 <1. cc aeo ese wets 
11 | 1 mile southeast of Charles city -- Floyd sesemeicchas J.S. Trigg i dhin detain waelede a6 awic ee anise Argillaceous-magnesian limestone 2 
12} 4 Grapat Seer of Clermont | Clayton......... ‘Ey EL Williams cen seisien eee sce ae ree eee Mer Omoss tree cree Siliceous dolomite ...........-..-. pee 
LBIEM GC Oteg Or iscce: eames meee si Onc muynnioe sasefs A.C. Boyle 
14 | 1 mile west of Bristow......,.....- Pptiilag ot eae EK. Fri ree nm <'s C/Sidip = bei binie One) 5 wine tim ae easel eras 
LO Eo mol dtiss sae.) 2 eee ae eee Humboldt ...... C, A. Lonbeer 
Tr Ham poldtosscs ssa ae een oe Humboldt ...... A. B. Snyder 
17 | 1 mile southeast of Dakota City ..) ...do .........-. Miner & Howell Liye dn nv a a Noe 5 oa Meee BAGO. ueisn cee eee aeAhs PALO iai2e Sissoim onfnield wernt eine melesee ae een 
18 | Fort Dodge. +.-2...--5-12..2.002.: Webster .....-.. JOND LINGO. i swls -coewecosangeneesanene wi ALO sire w'eeyaleisinte aia Magnesian limestone and dolomite... 
19 | 14 miles west of Iowa Falls Hardin George W. Cha ae i 
‘ BEB o cwereis a toreeeeee Ms ice nineeus eat eat Same sasdOTenesesccsce sess | WOLOMLLS) wat ae oee eeee eae SHasacis 
20 | low 4 Walle 25:5 Saccen es ek oo eae YeERAG Mo Ree. ‘A. Ae Wells &Ss f o Dolomite 











STATISTICS OF BUILDING STONES. 


‘OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


MINNESOTA—CRYSTALLINE SILICEOUS ROCKS. 























91 











































































































ai 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. =| i 
a 
: Color. - 2 
: Jointing, bedding, or natu Pe 
Texture. Stratification. Pal airfare: Period. Epoch. é ° 
| 
Wark -oray 2.Sccat enter sn MUGGED Ee sSeceneeeeces 2-5 PaSSiVe) sone centeiceoesss55 Horizontal and vertical....|| Archgean ..5.. 2-3 .)s.0<202 Je eoeeenneen 1870 | 1 
Dark gray and red........ LMR GES gagcegoee choca sgetioge |? Ben OO bees selec iat se seiee Tpme milan s.9.s8-5 f= s20+s'= EOD ged ale cece cA lence gains mane watts 1868 | 2 
PURO scutes Sone saniels STII NLOGIUI Une Pecic we ee etee TElON(G)ecccssetudeieiecs bec suen QOb act eee eera en sce i ToiwerBilarian .scleiee rk wkccabie ce 1880 | 3 
| 
a Two other granites ofa different structure and appearance quarried at this place. 
MINNESOTA—MARBLE AND LIMESTONE 
Pera Duileesee so. Jeu. = es Medium, vesicular........ Pryegwlans ssseaemee cesses s Even, thin to thick ....... Lower Silurian ...| Saint Lawrence... | 1854! 1 
a Gh oe 0 Cae Sa eee ers eye ef GT Sees pose nene sir ioe Even, medium to thick....!)..-. Cl ee ee Seer ee CORES Soe rel 1854 | 2 
ond: eet <a Nie ECL Oe meee aielerclareiste mes terete l= Se Ot Se aac eee se sencsek do RMS nga etree araisiais alo ste v QRH ee ceca exicc aliens s Ove gee eteeee awed | 1857 | 3 
Tp a a See Ses Ce fs ocak ee me eel SARC TEA CHA See Seem ‘Even thin to medium....- eee Oie sae eet ee lt So 0.2 ea ae seater || 1847 | 4 
Meaent PiN0..5 03. -\-2-5>- Fine, semi-crystalline = ACIUBC SEE ear epee cern k Heat Or eae o6 Sere ee a GY So 5 aE eA te Prenton. y-1)scesn | 1856 | 5 
ioe [hs CRE Seer ee Per cr Fine, semi-crystalline. .... Tb gdh Cea So Hep dock te: ven, thin to medium..... || Lower Silurian Trenton .......... | 1s56 | 6 
MerOar 2c fae okoaae seh. OG dei aid sane bb 6 sneer ese HE GUS) AG dce SSE AAS tent AG Oe ate ie epee Sena e See Wel ae ve wtticn sess EGO aenesce setae | 1870 | 7 
oy oy eee Setar hae zie SO Oiecsisce cena ac testes alls ond Ohsec tees sane esa ses covet thick so) ten. c:. NEG we | tor Sate Be AGie ss aaa era ee | 1856 | 8 
“han Tee ete eae ap ed BeaNO cam se ba cisbwis sats ine allies MO en eereme cee e ase Even, thin to medium..... BAO Neds see e ns allie AG e nett healt 1870 | 9 
BE echo e most as csces ee OPretec his testcase «2's git One cletwste Rese ate oe Even, MOMMIM ote ee OOO waste eitet sa SAG 8 ees peat 1869 | 10 
1} 
PEN PDVOG 5 fect tents elar Fine, semi-crystalline .---. ATVORUIAE ee csisic as sisisieein ce Even, thin to medium ..-.-. '| Lower Silurian TTeNtONG «esas oe | 1858 | 11 
gi Eee ere Jom GO 2a - 52 be weene denen CES Bae ee Even, medium......-...-.- Mr (cy ee aS eR: Rite eee ae 17 |L18 
oe Bee cede eae acerca Fine, COMPACU Je nc esiccnciee Plgesivod crc oe eh rence. ven Thickparcack ee se en | Pel Ovctetctares pasorcta'e ALO Pie eevee ofall 1865 | 18 
Se Leet alctat phan a nae me om WO cence wenn ne cb ane: dire mln eee wens cal Even, thin to medium ..... Bet Oia gas sre sac Oe eases eas 1873 | 14 
List blue and drab ....-. Sob Phsaasoericppsanacerc oe MABSSIVO <== <-rinpax -oenneyh Even, thin to thick. ...... SGN) 5 onc ee 0: 3827 Soe || 1879 | 15 
NOME oc taats anes 2 oae are Hine, compact .--5--.ss<-.- TpPe gular ais sei emisic.caes acts Bven, medium......-...... || Lower Silurian ‘Trenton. os-ceeeer | 1876 | 16 
rant Wivtsse Feta agente Bee (lies § Sue sareur ope a2 EES Rs ake Se a ae ae Even, medium to thick....||....do ..-..-.-.-.--- AO eee 1! 1864 | 17 
LS pS olen aap iam oi ai dal RID VCSLOUIAT vsi5 c= 22a Denese es ce san. Even, thin to thick........ ME Son Oe te geese Sint eh OG nee eee || 1878 | 18 
BME Abe Sale sen dercica ne ote QOree ae ene ative tsi sc Irregular, wavy-.--.---.-- Thin-toimediam.. 22.2... HO ere wistars Sa ot arets MOS Siomaas etatee | 1879 | 19 
TRE oh ee Fine, vesicular, &compact:..| Massive ...--....--.------ Even, medium to thiek....||.-..do ............- Saint Lawrence...|| 1868 | 20 
Light drab .......... ;----|| Fine,vesicular, & compact.| Massive ........-.--..-... Even, thin to thick.-....-. Lower Silurian Saint Lawrence. . | 1868 | 21 
ED GOAN «ws cl'clw Seharee mis =: Medium, vesicular ..-..-..|. AQ) soAScaoncerncsee oe ssee HD EN UIC Keer gegen seme als oe Ole eee saa lon 08% s-peseeee 1855 | 22 
REN A Sot ce wou ae se 4 a6 Fine, compact Hosdsc esses en Oe mshi seamone acc cer Even, thin to thick........ 21 OY See Se Oe eee | -Lrentonscessssce=- | .1865 | 23 
RES uae ee ohciaats aalelel qeias'e os Semi- -crystalline, vesicular, Irregular ........--------- BVenVthiCk en et2) .\-2100 <2 =< Ba Gy ee are ee Shakopee .--...--. 1870 | 24 
Rae aos citew esp ese BEEN tee Ree Sean Ae aie ae pare OO oe me eee at yalar calor Even, thin to medium ..... BAC (iy Ate ee BOYS 5 rh otek 1868 | 25 
UR Ere ete Sais OE ig eee ae Semi-crystalline, vesicular Irregular ................. Even, medium to thick. ...|| Lower Silurian Shakopee......... 1879 | 26 
oath 8D) Be) ee eer ae ee ERGs semaines sti 2 ebocasiee COP ee ecionctinare ot rete Even, thin to thick. -.-....-.| WS dO pea act ameen FADO aes | 1858 | 27 
~c a TIS Se See eae Fine, semi-crystalline. .-..|- S-,OOW. = sec ccmenene ek sic. Even, thin to medium ..... Y cha awk Oupckaat tans a Sie atall sie = dO yn woe te ented 1854 | 28 
TL Se Ie arnt || Fine, compact ..--....-..- Pr Otro ciate ceeecccis ees inlet ed aol dee nh OGiesedee cles sac Hudson River ....| 1868 | 29 
USMY DOT sxe ccc at lenanc Variable, vesicular .......|.. 2wliktga5a cqscndendotcbce Even, medium to thick....||.-..do ....-...-.--- Galenii-c.2e.bteces- || 1856 30 
PACH ULSD. 50's a0 rae eo oe Pine; Vesicular... ...-..--.» Irrepularsscccen caters: Even, thin to medium ..-.. Lower Silurian Saint Lawrence...) 1876 | 31 
MOL ee tees cbancesces- ROO eet aot eee mee eK once QOL e awislacercceconed=s Even, thin to thick.....-.. BEA Eee eee s'2 QO lamas cate ae te 1870 | 32 
RAL cic ic sees aja oc ein aac all'= BO Veale cals icine ccmiate, aia are aia Si Oa oei a aisicisele wats alee im yen thick: ic. eos so soma REET Ce Res Sees COP. Sei 5 reper 1854 | 33 
MINNESOTA—SANDSTONE. 
BLOW Mies Joke tamed ccc IM GGi UI s- So seceee cee IMBRBIX Gite Jas ceceseteese Even, thin to thick ........ | Lower Silurian ...| Potsdam..........|! 1870 | 1 
IROOM eras tam seis peed PAO LAS he ace aaa seer eS CG 0 se ESS i tle ae VOU PMGAIOM se. +> s sees ois e Ci Ce es Serie Saint Croix ....... 18704 2 
Wight OT apes. stec-oss se 25 Fine, SAW PN OIC) orn once sr soe ETS CULE eral et se berets a falat Even, thin to medium...--./].--. Ove ead acres Jordan ...........|| 1862 | 3 
HALO PH to cee MESS IAPS Ue eet eole. AGUS Vs aabad selects. 2 aera cn ee nek ice ane eS es Som ee ae do At eee || 1858 | 4 
Bd esas Lone PHT E EL ot ‘Fine, COMPACh 5. 6.- - 002 =. IMS RS1VG) «cscs of bs 550 elsin ste Even, thin to thick........ Nese G0 h Meee eae Potadante.-<s2 sc" 1857 | 5 
| { 
IOWA—MARBLE AND LIMESTONE 
ee Gb) Soe er coc mee cee COarsey sis. .2<cenc6 cater IMASSLVG: <csculncuecisscscaes Even, medium thick ..--..| Lower Silurian....| Potsdam........-. 1880; 1 
PERO et ase Ac Sas ata sce bisye Coarse, vesicular .-.-.....|. WRC Rwermne ceay atte Hone Sales) AGive aia ceo teectisusa. BCC one cp eeeone | Lower magnesian.| 1870 | 2 
Mottled gray - Tine, homogeneous - ..---- SLO Brercisie cite a amin is, aie es “Uneven, tila. secu... .2-.. 200 tse see eet Trenton}.:=A=22s. 1880 | 3 
Taree Oy Ane Semi-crystalline, vesicular Wavy, irregular..........| Even, thin to medium --...}|/1..do? :-..s weosele bdo suse Seven asron| -& 
Se MLO ben se SAS iaicia'e'a Baines od eemis 5 Owe 22 ase Sige aeiate els 4 BEGET RUS RAR ae ee Even, medium thick ...-... POG Rae 4 a wtocincde pe a GO, Roses Sai 1860 | 5 
| Bluish gray, mottled, and || Fine, compact, porphyritic! Irregular .......-......--- Even, medium thick ...... || Devonian ......... Hamilton ......--. 1874 | 6 
buff. 
SEONG CPG Dire 6 ea teens aie =< 1G CPR ere he ene WIASRV Ose es mens com snot dO nee ate eer ee ese eall yar Cdn soaks eas as0@O\ cacuaee taceas 1872 | 7 
(esha light drab mot- eVarlsbic el: .4-': onpesuiye Massive and irregular <<. 5)-2 20.2. o ence m oman en -ens PS Sor Eseceeey < Se eC Ohsee cee ease 1876 | 8 
tlec 
Drab with buff tint....... Crystalline, compact, and | Irregular ...............-.]. ue GO Netea nk PRR ES A clecte EOOWa, 35 <ecmesem che |: De eee | ek lal le) 
| _ vesicular. j : | 
Dark drab and light buff..|| Semi-crystalline .........-. Irregular and massive ....| Even, thick to medium....||....do ....-.------- lggarti GO) cs Beer Sp 1875 | 10 
Drab with buff patches... Semi-crystalline, fossilif- | Irregular ........-...----- Uneven, thin to medium .-|| Devonian ........- | Hamilton ..-...-.. | 1874 11 
erous. 
ight built cs wesceesncees Wester lati ce os tecoue weigh an =e maieaceie ecicia wre nicole Even, thick to medium. ...|) Upper Silurian....) Niagara»... .--<-- 1854 | 12 
Pe UCOO oc uinccish isan caeeinm we Coarse, vesicular ..-....-. WMIGSSIVO aes nese oe aee se Uneven, thick............. Lower Silurian....| Lower magnesian .|| 1872 | 13 
Drab and yellowish drab..|! Semi-crystalline, porphy- |.--.do ...-.-..------------- Fven, medium thick ...... Dev OMINTI 3 <<< << he Hamilton -.....-.. . 1880 | 14 
| _ ritic. | 
Drab mottled with buff ...|; Fine, compact -.---....... ERT ECUIAN Jopaicsanpnisicivas's| = oat CO Ware nile ce Sate Stein nis sictsie Sub-Carboniferous| Kinderhook..-.-.. 1870 | 15 
Ord) Ne are ee meet Hie Fine, semi-crystalline...-. Trregular Uneven, thin. .s...-..-.... | Sub-Carboniferous| Kinderhook ...... 1879 | 16 
Light brown, or olive and |} Fine, compact ...........- Massive Even, thick to medium....||.--.do .....-...---.].--. Go. We POP St | 1859 | 17 
drab. 
DPE Dri weccie pe oh aceuniciniesis SeSOOM awe Sabign cov ieus sane ETPegul sees es eae seas aa Uneven, medium to thick .|| Carboniferous ... | Lower Coal Meas- || 1868 | 18 
res. 
LAH DLOW Da. 5Sasces bess Pe OLOt deen mlasiawaa a's siaicer <3 DLASSIVO! oa sein ciaa eis niaticsn's/t FOVGM CICK sce cinch tne goes Sub-Carboniferous| Kinderhook .....-. 1865 | 19 
Pet Oh eiene leo ace aie Sh vainawe VIATIGUIO wacanacedumccews ke] secls G0.et necaasstvaaccasess Even, medium thick ......||.--. UO) eoctese sean eae ons rif ee eae de tep. od 1854 | 20 














92 BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS: 


IOWA—MARBLE AND LIMESTONE—Continued. 


eS 












































SPECIFIC VARIETY OF STONE. 
4 Name of the corporation, company, or |!. - 
Location of quarry. County. individual. | 
Popular name. Scientific name. 
T Falls....| Hardin .......-. Gs Kell yn eo. ase ee een ate< eee Limestone ....-...-. Limestone and dolomite .......-.-.... 
oo pated eee of iat Aches SRS Grundy.......-. William 'T. Groallas 9---c.1,-h-seasewee sas -22:@0 2.22222 ee eres es Limestone . -... popes i> see ae 
23 | 1 mile northwest of Waterloo. .--. Black Hawk....| William Love ..--.----------------++------ 2-2-0 ---0-2.- 2222-5. Siliceous dolomite ..........---..-.... 
O45 Cedar Balls teeter eee itd Ge. Sees, Edwin Carp nter .------------+-e20- +--+ 40 = pi ei Sigs = me Dolomite ..--- 6. <<. - +050 -epaneeeees 
25 | 3 mile west of La Porte..-----.---. We Oe tee se ee G. A. Knowles....-..---------+--+-+--+---- pomp O aie ae ap see sisi OO tein a ind ope x eis ==> = 
26 | 4 mile east of Independence -.-.-..- Buchanan .. .... James Forrester pate o peceee eect ere rete eee Limestone ....-..---. Limestone 8 ee een clan els ob aphid 
27 3 miles southeast ? Manchester..| Delaware ...---- Charles A. & 8, A. Davis .....-.----------- j= GO ..----+---++-- Dolomite eee cer ease os eee ae 
| 
98 | 1 mile north of Farley ..----...--- Dubuque ...-.-. B.N. Arquitte.-..--------+++-----++-++---- eee -2+-GO -..---- 220. grccctccccsese: Focseeee 
9 si neashot Havies MO aes bate Eee O/Eide Rome &. Cou. cabs eperee se es Serer ner ree eee err a 
30 Die 43 Sere ; Z Bis bee er Beek potas SeanO ee see elie Martin & Strane ........--.--------------- |----dO ..------------- sac GO ccancesesescetecee eee eae 
beta ry ee 21 gi AA gk ae as. Dubuque ....--- Speer & Let..4 Jo2 1. - aces p sees -n eamieeens | Limestone .....-.... Dolomite ....->-10- > +s>s=paaeee eee 
3 rei NES seu) sas ee, Fee i ah Ai Rie Joseph Hug cn c.0eneean sane aree ee maene rene ee eee p22. 00 heaeeere ane ce + ceee eee 
Ba | Awa Gea d NaN a ei ONGC PLND Neri (i ean Se William’ Rebman... =: ooo. jecess cancer eae Bee C0 ares age Arians dua 0) ease sos osleve nate see 
Be OMS gh Ph eae tues OAL Wed ne fete Se aS PMO Be eccoeeaits Wy We SS DISIGT. cnc ce eae earn e aaa ake Wecoit ier bore S553 ere =n UO) J-n\0 san> sce e sha cena eee nee 
SERN GRIT Sab ulate een aan an ‘Jackson .....-- BGA W OO08 22 5-eteee sae ses Eee tae aeons |----O --..---0------- “Ferruginous dolomite. ..-22...202-c++ 
36 | 4 miles east of Maquoketa........ Jackson ..------ Be Conmell eens sehen nee ee eee seas Limestone ..-..----- Ferruginous dolomite.......---.------ 
871) Maquoketa .---< 242 00-i-eSeheess WEP seems Blush, Seaner, Becker & Dunham ......--. o2-00 Sree cinnesasseels Ovni wee eine me on oe ole oe 
38 | 4 mile east of Hale..............-- SONOS Se sec soa ONBOrion tas ase oace a ae ee eee eee re Beetles mae aie Sele Bituminous dolomite........-sss-s-+-+ 
39 | 14 miles south of Hale ..........-- Eni heir Beene Solomon & J. N. Garrison and others ...... 28= sO domme nse sins sao ois sO) Gemn opie cles sesh cea er ere eee 
40 | 14 miles southeast of Olin......-- O50 cae sees ats A. Rummel... 02 .22-2---202senssaeseenesse soe- gees O ee eees pate ar ele hia se ae ee 
41 14 miles southeast of Olin......... J. Easterly eee ee ee i Bituminous dolomite .........-.....-. 
POR eat (ema ee ee ee ees RRS ae William Gordon....-.-.- amore 100 o ccs nic see ashes - see ee 
43 | 1 mile northeast of Monticello ....|--- J.S. Puller .......---------++----022 eee eee soe “Dolomite ..2.......-.<.79 een 
44 | 2 miles northwest of Anamosa....|.-- (0 -..-------- Iowa State penitentiary 102 O ..cc cece ses seneneseeese cise smneen 
45h Stone. City see eee eee ee BRO eee cota Jonn A; GY6ON Jnccd vecceuics cus paonaeeee hese ae. GQ.'s te ceceees oicnkc es nCee eee 
AGH dO Le Ga ees Deere MGS ee eee at James & RONG 2.2. s+ cs emis atm cu cloneate tele i Dolomite |. 25.5 0.0 au noccemeasmeeeen 
ATi) cae O aaa ee ee ee te RIGO demesne Henry Dearhormecs-n = adore -oeakona tens pee bec «QO haces weber skeen 
48 13 miles north of Central City..--. TdT cece kota ee | S. T. Granger....-.. +--+ -2- 2-22 ee ener eeeees ~ fap OO vw aence oale hee faceteetalas Jae eer ee cee we sees enenccsees 
49 | 2 mile southeast of Mount Vernon.|---.do ...--.-.--. | D. S. Hahn q... 2-2. .-20- eeee eevee ec eceses --- Dolomite... /.22255-2ene sem eee eens 
50 | 2 miles southeast of Cedar Rapidsy)= 006. onee ae )=ac Three Bohemians 5 -2.<< 2.0 nn aenweeieienes||= === ween ain 28 ceiro omelets wee else ste eae Se 
51 3 miles southeast of Cedar Rapids.; Linn.-.-.-.....- BH. J.C. Bealer .-- 02.22 sna ccenes caves cant =| waneingiaie sate se eee eo 
52 | 3 “mile south of Vinton......-.... Benton -.<-.25- ye Qin. nn een ea eee ee eee 1 Bituminous limestone ......---..----- 
53 | 3 miles northwest of Vinton ...... Nees CO acatend sens Samuel ‘Aungst:..u..o:2.c0suey once comeunex rarak BPE | () RAT Sr a ai 
54 | 2 mile east of Garrison...........- CR ELO iets nicotene Kokbrick & Irazver...... sac .ce..cesseeeeen Seu Bituminous limestone and dolomite. -..}. 
55 | 44 miles northwest of Garrison....| Benton ......-.-. Stonley'& Co. 5... snckvenawbeteseemeeceas His fh! o cenceiviecdue ad 82] canctye kommt soils be tam natied= aan 
56 | 1 mile northeast of Le Grand...... Pamact secxc\scsai Le Grand Quarry Company ............... | Limestone -~........ Magnesian limestone ...-.....-------- ; 
Dvin) (Quarty Soames dcseeek meee seeeee ka Marshalls) =<. We no AOa 2 sia cinta chal Sinle Sratleisie sin elece minis mre eee Sree ees Pais lOc tee amie sane acts Calcareous dolomite and limestone. --. 
58 | 14 miles north of Dillon........... dO J senecee net 5 xe OO) me lowe sone Sok ees Seneca eine pe sROO ks ere oer teen Limestone <0. os sc< wa. eee eae ; 
59 | 2, 3, and 4 miles north of Ames ...| Stor V ocr cesses es P. R. Craig, R. Coe, and R. Hannum........ reglO 6 sacha c otaes Dolomite |..--22 - 1.5. 2lin oceania eee 
60 | 3 miles northeast of Earlham .... | Dallas -......-.. Laird Sc ROY Cesk ob ness aeen sea eee Here @ OU tetetore sieteciae nik Limestone o6 cin. <a < sat ce onaeeine cee 
61. Wows Clbye oon wiceee eaea ce eee Johnson ........ Bdward! Crowley c--2cn0-se et este eee ereiae | Limestone .......-- Siliceous limestone ...............---- 
CYT ee Cae A eee ae as fence Reeser te i, BE Sy 1.0; Hottmansy: 2-3 oe cece ncaa aerate Soin LO isteinlaipls boxe evi staie Dolomite and limestone...........-- =: 
63 ae north-northwest of Iowa |-.-.do ...----.--. Penn Quarry Company and D. A. Schaeffer.||....do .....-..-....-. Limestone so-cecessecce == cee teats 
1by. 
64 | 34 miles south of Mount Vernon ..|.-..do......-..-- John. MeCunes...2-=+-.ts asec eeneeee eee Sat A1G josie dele erate Bituminous dolomite. ....-...-222--2e5 
65 33 miles southwest of Tipton ..... Cedars tae *M. Carey and Charles Miller .............. el! ao actem eee amateetene Limestone (sss. ec <0nce sae nae neneeen j 
66 | 34 miles southwest of Tipton .._.. Cedarincsccetes: Shearer'& Graysccstoae suck sane cote aan Limestone .......... Limestone and dolomite ........-...-. 
G7.) Rocbbater hos « o-oo ee JOO ce eee es t Rochester: Quarry... 2 525 Saas ereeee a SocPdG Se encase eee Limestone ic. «0. 2cs2k- von eee eee 
G51) Cedar Bint <u. scene see nee Pat Na ae sae Cedar Blagf Quarry. + 22 .2u2e,Narcedeuctue ASAT We ee A Gey 16310: 2 ch obh ween oc otedee se eee pee 
69 | 5 miles northwest of Wilton ...... ees AO Seen Ce eee K ott G:Hormmie’ veces)... seed eee ne eee 225 GO 2hscteaecaecre alee LO: Seeeean URce neh et Cane eee eee 
70 | 4 miles northeast of Dixoy....... Clintonieeceee ser J) Di Bintord F-seaan spon wn cease eae eens Pes Ghee eeere ele ‘Ferruginous dolomite and bituminous | 
dolomite. : 
| 
71 | 2 miles southeast of Grand Mound.| Clinton ......... J. Collenbaugh =. sc. -pesaeeee Meee ee ae nee | Limestone .......--. Ferruginous dolomite..........------- 
Tet ON OTIS Aa hyletac a nil ee {i500 ARS ahead Klans Nagel J2:60s. cc hone cree Loe dG 128 Hae ee HS! UOlisthes se ens Fuse oust eee 
OMe eROOh eames eer. ae eas ane ee BSC eee ee eae "William Bell 223.05. cote cence or ee eeee “ss 
TA Clinton cc wie ee Ones Ree ae - Uo Serene JohnvAnthoryi ss. cc seen ee [ana 
Lil Bae EGR y. Aarne ages eal oe oe LOL SEtL Osis per Thopias) Purcell 32ers eae eeee Seen SiG) 
76 | 8 miles east of Long Grove........ Scottii-mes-eeasee Hansslop p's seece save ese sa snemss eee eae L ti 
77 | 1 mile north of Le Claire. ......... “eet OO eer seen ale Edward Thetemad 1 oh E ath Loken _ Tider eee 
(Si eDBvOnpOrt 2. e--ccetoeeeeeee eee Std See neo eee ASC. Fulton wicca tcoscmea te one meres eee eee “ 
09 Wextitl Ope els cwla <2 ae seat tee eee neg see ac eects William LsCookcnc.2e-cncse ee eeen name A arity 
80 | 1 mile west of Davenport......... Scotties cee. Bi SAGAspell 26 wahrens eomeee 5 coe aeeee eeeee Beart fe) 
Sy a 1 BECO Aa eben el ees GO tere c2ee os Heinrich Schmiedt.--sscc sstes-s eves eeeeee Limestone .......--- bimestone, :-- 3 =e. nseeceeenes aaa 
Mai |" SOUL ALOE fates we acho annette eee | ace dO" aeveseaes Christian’ Metzger -a22 522205 cose epeteeeee semniOces as dacttees Calcareous dolomite .......-..--------- 
83 | 3 miles northeast of Muscatine....| Muscatine ...... AL MG Hariais, Sees. Sect t heee ae eee Esa Plasam ares aa ae se GO )s2 also a'sistele S25 obese Soe ee eee 
84 | 34 miles northwest of Washington | Washington ....| James Eckles and James Saville .......... EDA SEER eRe ta Limestone ?.2-.5..cesseesaeeeeoeeee tee 
OD tiers OOM aa cicle ntves 2-5 heat aan eee ae CO an. as aeeeon Minnick & Donovan).;-:..c1ss-sssmaseunee PSO Uae saat ees ds sslceles dO. -Sparmcces s Deh ite sine laser . 











STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


IOWA—MAaRBLE AND LIMESTONE—Continued. 
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Light dr: ab 


Mottled and light buff. - 


ase | Beans and drab 


Lint drab and buff mot- 


tled. 
Light “drab 
Buif and drab 


Butt 
put and drab 
Mottled drab 


--do 


f= -00. 


Light drab 


Light buff 
Light buff and light 


Drab with pink spots. ---. 
Buff 





Drab 


Bluish gray......-.- 
Light drab and buff red- | 


ish brown. 


.do 
“Drab and buff 
Light drab 


Plain and mottled drab -.. 
Light and dark drab 


Light buff 
ee U0 
B=2- 00 


do 
: ‘Light buff and dark 


aight buff and dark 


GOP DUT sececo sass 


Draliteccssse dees te 





mot- 


drab - 


buff. - 


buff. . 
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STRUCTURE. GEOLOGICAL AGE OF FORMATION. 
; : Jointing, bedding, or natu- : 
Texture. Stratification. i ie Sap Period. Epoch. 
errs peat neo ek ‘apps Soe ae ner anes & sah rs medium to thick. .-. pdb belie eaten aay onan eta sare 
ranular (ooliti¢).......-. OP WAL acca dee macinsasiainel|ses Oletias wafelaiacia nisicin cinietg cmrs LOM ES ak cna does oe 5 O'aens Sao oee ae 
poate semi-crystalline ..--.. Irregular Seer eed ae -do ree te Herontsn ePeatens Hache seeeeeas 
Uae fos ese spe eeneee DASLY Ole aeesee eo locee =|) VODy OMIM 2 ooo) cea cabinas| loeb Orc gecsceeee cele QOreeet cee tee a 

Medium, fine and compact-.| Irregular ......-.----..--- Even, medium thick....... Bie LO Sieecs cat seis ole Hele BOOS osc aseese oe 

Porphyritic, fossiliferous.| Irregular .....--..-...--.- Wneven,thin’s.c..---.a5=- Devonian ......... Hamilton -.--..... 
_Semi-crystalline, porous --|.--. GO iiec cetem once cisiisinpmmin= Uneven, variable thickness|| Upper Silurian ...| Niagara ......-.... 

PONOUS ie caeaceee meee ciae Even and wayy...-------- Even, medium thick....... ane OO nantes cama Ls Oleacc sefesee cto 

Viesleularn ccm dence er LORNA £00. sapoeinosereenppe 2 UM aR sabi are sechaadacte SAO cease Sea eos LUO e2 seacies reine 

Semi-cry stalline, vesicular] Massive .........----+---- pe Ocoeicteraretete steerer ee anaes ‘Lower Silurian....| Trenton ......--.. 

SoCs RS vesicular peers inp eabovaesseces. ab ed medium thick....... Lawes Silurian ...| Trenton .-........ 

LO bee eit nee wenn esis Qe ee emcee tecavcaie sities <0 s ccleacw eb saiialac ow eleic mae TEGO co ee oe eee LT (eee ee ae ae 

cont crystalline, vesicular, ere onlaricoa adsense: ren. ANG THICK .e- so eceee dott. era F do eee aaa 
and porous. 

RO eee ca osse ds en wastes Ap GS Bass ethers oper ae Even, medium to thick .--.|]....do .....-..----- :dGjeccetae cosets 

F ING) VAOMN-CLyStallIney = oc|= 5-40) tancsce noses oasinnien a Even, medium thick ...... Sippes Silurian. . . “Niagara Sea seas 

Semi-crystalline and por- | Massive ........-.-.----- Even, medium thick....... Upper Silurian ...) Niagara .......... 

ous. 
TAO Wet etn aieccek een etle WON ea aee soceescn goss yen; thick wesc es scescmess ON. ses reece ee ee COW ese eceues 

‘Finely crystalline, vesicu- Even and parallel........- Even, thin to medium ..... ve MO woscancanes at GO eee cesses 

ar 

Porous and vesicular ..... WEVA Sebo s bee coserOeceeonlc Rel Obian tereleceeines sects. Se Or cee celnc Seaee lees dO Gee aticce ts 
ene LOM aa esrate isicrets elated eHeh 2BEtsonoorioctioge cabealae SE AOGraseertee dated eat ciaas SOW cee cecrae se se LON octane ats ea ets 

bee and vesicular. --... Mite Se tal Sesianete seb ieisine:i: ae thin to medinm ..... Upper Silurian N nears Sea e tion ne 

Bee AO eee see sete te el ee Oy enidante cimcomteatasiniscie Boe OO eeteminee ve aitan! heise SO Le ae epee a os aren CON eee sneer 

PP OLOUBE ess eeece an cs cee Even and parallel. ........ pO neie Saeeae tte cosas soe esti (ee Mee deey e8 So lb es 

Semi- e ystalline and ve- | Fine, even, and parallel... Even, Mediony.to Chick <- seo "does sce cacssase|seee 

sicular. 

Wind, VesiGular..s2--s-5--< MASSIVE. |... c)a(sinaniee asses Even, medium thick......- Ei AO atic as eee eee 

Fine, homogeneous. ...-.- IM-ASRUY Onsen sn cies setiee ss Even, medium thick..-....-. Drees Silurian . 

Semi-crystalline, vesicular|....do ...-....-......-----. SEN. GT1 GO Keiwetaels ose toes AS GOV IG sdacscacte see 

Be Oremcis evens ansenita= at Irregular ped eeeeteseee cin ae Even, medium thick....-.-. a ec Olek siaeioes cee ae eee 

FinespOrous: csc scce- se. Even and massive ......-- EIVGD GIG Kit sew sass ons le’ Gh SP ee 

Wialigbleltccsm decseaenac te Trvegal anivecesareceeerecet Uneven, medium thick .-. ‘Devonian ......... 

Warid leith. Secsoccsetecaen regular esas ccectaso oes Uneven, thick to medium.|| Devonian......... 

Nanipel depres porous, | Irregular and massive .-.-.| Even, medium thick ...-... Ber OOleeges setae e oetea as 

and compact 
MO Gte peel ee ce sagen ees Men CO, soasee ees cance iaee Even, medium to thick. -..|}....do ........-....|- 
‘Fine, compact, porphy- | Irregular ~~. -..----------- Even, medium thick ....-..||.... CU) Bcetno ee 
ritic. 
Medium and fine.........- OO ere esta nomseieeiisi= cise Ove masses s<myeaese oes Ss 42-00 ies as nie anaes 
aos pexyavalling Dactlys Treg Ula seas seen ser sel Even and thick ......-..-.-. Sub-Carboniferous 
oolltic, 
Granilargas. dasa oea ses e. Trregular and massive ....| Even, medium to heavy...||....do ......-....-.].- 
pee PO Ouae ee see ben eseias doe) peed cco tee se ssaeee Ae und thick: 2224... 22 SIO: Saweielleln cote WGOKWEK ceed ae 
Mine; COMpPach ace .— 22 = | Bey OO! oe bsins «ioe siatciala <)ne as 8= neven, medium thick. . EC Olpetiere siniaelcinisieie Saint Louis ...-..- 

Semi- CRystalline se LOssilit=n|oe a. Oh acmeannias yoeie sae == Even, medium thick ...... ‘Carboniferous. .... Upper Coal Meas- 

erous. ures. 

Semi-crystalline .......... Urrecularenn. saegusseer ce peeyy, DEGUGd!. n55- estce ws Devonian=-s2--ee- Hamilton so-se).ce 

aipact andi semi-civchal-sie MASSIVOlsade sec snae east erie Onalmneic, e =iias sniciviane =o ee GO Steere ees Oak Sees acer 

ine, 

Semi-crystalline, porous ..| Irregular ...........-.---.}. BEE Ol teeta lore siniaistaisise ~'o1= we Sd Ol Fan eee pre Oe aeiae sate 
|| Fine, finely porous......-. Even and massive .......- Even and thick ...-..-.... pUP Re Silurian....| Niagara .......... 
| Vesicular... 3255.50 asses < Even and parallel........- Even, medium thickness ..||....do .........20.- pa OOo onan ens 

Vesiculalr..s--3 sneaecs eect Even and parallel......... Even, medium thick .-..--. Upper Silurian..-.| Niagara .......... 

ae Skate pe See aioe otoee eats se Ae ee eke eiteciae ss .cco Even, medium thickness -.||.-. a Seaaticstbereelanste dOnt ee 
SLORa a atic ha samcat aclaiccts PALO Re ASS anc oh OO SH Ap aerird Bere UD erat aa eetaiieteale cetera me AO) tee teminatetes aa | meer GOs Seen siaaeetds 
GO, Paseo ps seo ase ate Ce cot ca sGnen pEOeE ee dO; Stew oe se cease GOs eins vats eeaer|iae B- Ovaccae sete 
| Semi-crystalline wad etone Even and massive .....--. Ey en, thin to medium ...---. SONY ocesse eee eae On tenia Saee: 
Semi-crystalline and porous; Even find massive ....-..-.| Even, medium thickness -- Upper Silurian....| Niagara .......... 
Finely a -crystallineand | Irregular ...-.------.----- Even, medium to thick .-.-}).-..d0.-.-<5........|-.-. dO Meenas teen 
vesicular. 
Lif i hee Mege a aetemt SA ae ee foe EU O terse tteeacavacwo esses Even, medium thickness ..||....do . .........-.].--- dO Ree wescteeeek 
QO pe cere ese eee Lee ae EG ae ee anaceh ances ts vent medium tothick «ss... GO aeaeae owes chee ri (Ne We eke 

Poa eee ee ae eal POO Ma ceceaene cece se lbce : (ce re eee et Mere 5200 Lica ssiseaince ee SGOWewc cence eee 

Tinely semi-crystalline - -- aiere by Cusingeciieraees saa ven, rary tt ee me pare Silurian ... lee pai peebigse ess 
Bete SOLO Mesias reid aus wie oe Dcactes hie Om ieotscacieemages aces iven, variable thickness ..||...-do ............. McdO US. ces caw enes 

Vesicular, conchoidal fract-| Wavy ....--..---.-------- Uneven, thick to medium. Devonian .......-. Hamilton ......... 

ure. 

Semi-crystalline, fossilif- | Irregular and massive ....| Uneven, thin to medium.../|....do .........---- Ge yes 8 yee 

erous. 

CORE cence ce aneaces MASSIVOle ses ssa ce Uneven,medium thickness.||....do .........-...|- Bn (iy eee arse 

Semi crystalline, fossilif- | Massive .......-.--.------ Uneven, thin to medium. ..|| Devonian..-.....-. Hamilton......... 

erous. 

Porphyritic and fossilif- | Irregular .......-...------ Uneven,mediumthickness.||....do ........-.-.-|- soeOOnsccadeeseste~ 

erous. : 

Semi-crystalline ........-.|. DAGO ou cass seasepitecmanas Uneven, medium thick -.. dltesudoumrusshin. bes se s:dQ:secceteeneee 

Granular and highly crys- | Massive .....-...--.------ Even, thin to medium ..... Sub- Cntbonifervnd ‘Saint Louis ....... 

talline. 
NO WEEE oa tect a ceien acs LO) sa caoens Seeeee een asm Irregular, thin to medium .||....do .............|. as dO" Ns cts atin 
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94 BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 


IOWA—MARBLE AND LIMESTONE—Continued. 









































































































| 
SPECIFIC VARIETY OF STONE. 
Name of the corporation, company, or 
Location of quarry. County. erareiadali 
Popular name. Scientific name. 
| 
| 
88'| Wear Brishtonieeeee vobesdon Washington ....) Brighton Quarries...-...-.-------+---++-+) | Limestone.....-.... Limestone ---..-..+----++++-++++-+--+- 
87 Sigourney AT Bore >) a GOS: core i Rowland Pilkington Zeta a fateis tale \s'm: aN MNS eles Se ees | 22 dO ....0e2 sd ssee. 222d. 122222 eee ee eee ee eee ee ee eee. é 
8s | 3 IOS north of Sigourney A. SAS Wa Gikcws ate ets | William S. Booton....--------------------- A egal dO... nee eee es > GO - 22-2 -- 002 es eee nee a seeene 
Bb | aenlIe bok On Givens ote ce Mahaska ...---- | Francis Castles. ...---------------+----<: 5 LOVE UO IE Be SR Ferruginous and siliceous limestone -. 
99 | 4 miles north-northeast of Pella...| Marion ..--..--- F.C. Mathes --...--..----------+-20-02--2: eee Limestone .-...-------------++-+++---- 
91 | 24 miles northwest of Durham .. | Marion .--.-.--. | C.C. Collins ...-..---.-- +--+ .20e--2--e---- || Limestone .-.---.-.- Bituminous limestone ---.......------ 
92 | 14 miles southwest of Tracy -----. rc een AE ae Regan Brothers & MeGorrisk......------- J----dO..----4-------- Limestone ttt ers rte e eee cn eee cere ce ones 
93 | 3 miles northwest of Knoxville ... td Ous en ae coc | ;dedohnsont /) 025.522.0110 etna aceeiaetene Hee -dO .---------+---- Siliceous limestone......-...----.+.--. 
94 | 4 mile south and southeast of Win- “Madison .....-.- | G. W. Hetzler ...-..--.-----------+---+---- |----dO --.------------ Limestone .-.-..-----+---++-+2-+---+-- 
terset. : 
OB ieztdoueh i = Seen ee ais ee SOE Sos ces | TDR. Mardis. 025.50 c.0 Jccenteuseu cis essen as tise CO able ttre =| ocleee ele 1 dO oie wesc ae = clone ane sees te eetea eet 
96 | WahGersets cc .. cleeert on. sek: Madison ......-. City of Winterset ...-------------+++-++++- Limestone ...-.----- Limestone .--..--..-.- see eeeeceeer eee 
97 | 6 miles southwest of Winterset -..|....do...-.------ W.H. Lewis .-.---.--.-----022+-e+eeeerees +++ dO see -e2) eee eee. 2220 - 2.2022 sees eee re eee sees cone nes 
98 | 2 miles east of Earlham........--- = dow 2 bey Regan Brothers & McGorrisk ...----.----- ace Pest See mecior 220 22-2. eee cece eee eee eee e gene nn nee 
99 | 22 miles east of Karlham....-...-. PAOasho eee eee Robertson & Willoughby <2 sst2. <ecwenne et Pea Octane teas tees 6602@O) ne ceee eno nose anole ale lee tee 
TOO); Charan, cs oh ce sewianith == 2 aie ‘Potiawattamie..| Charles Térnebéhm ...-.-.--- Leese ee eeeeee ++ GO .-.2---+------- 22-0 -. 220 ee eee ee eee eee eee ee ee ee eee 
| 
| 
101 | MIRCEA cine eee ee | Pottawattamie..| Miles Quarry....---..0<.---0--ceessescasns Limestone ...-..---. Limestone -....-----+++-se-+---+-0--++ 
102) 1 mile southwest of Macedonia....|..-.do0 ..--.------ Sylvester Dye@so- 6. .<c oc cee eee sctactek rndo sc. aes 25. GOS esas ceeaes coe denne ee 
1038) Crescent, Oty eee e mace eset eke ben LO) Seen coe Creacent City Quarrys. ose ene neceeeuenee Ee BAG year Soe acne AS 
104 | Stennett .....-....----------.-..-.| Montgomery ....| Wayne Stennett. .--........- peeves Pentoner PO AG ize eet eee ‘Limestone ....---.-.- 
105} Near Cormming:. =. see. eteceen eas | Adams ::.,.-.-.|Law'& Oak (2:quarries) 25. -ssceceeemeeuas Od. GOrecinns scan aoe Siliceous limestone 
106 | 5 miles northwest of Osceola ..... MOEN See coesseee Beis DOA: sc at eiccUeivs =m elas dau memati sees Limestone . 0 -.c\lesant ce ee tages ceees s tees ee eee 
107 | 4 mile south of Chillicothe.....-- Wapello ....... Samuel Strawn.....-. Jan ttie aide dee semesies U0 ee. ak. eee Liméstone «. ~. .2. <<. ce emeea eens : 
108 | 4 miles northwest of Ottumwa..--. pain6 10; fo se wise ..| S. L. Wiley Construction Company. ------- cue AO cariscpce omc OO Gok coe cones es eae tee eeeee eee 
109 | 3 miles northwest of Ottumwa....|.---do -...-..---. ChiltommoKendalloiirs .4<nnqcme cae cas cee PER CO) niaanctes anidaneets iS GO. Se fa ceactiaces se = eee 
110 , 3 miles west of Ottumwa..--..---. Bee CAO) Sane ome ieee James) Kelliy..200 ee se aceemeene ao aan pevGO! denen bine snlgure wa vow cQLO s.vnis sovisied aoc sans setae teem 
111 | 24 miles west of Ottumwa ..-...--. Wapello .....--. Be Wisc) GERIOS Me eee oe wane comanlp meets Limestone -...... 2. Limestone) 222.22. saeeess eaeeee eee 
N29) OPtuin wa. seed oie eee eee oer atlas One iete eerai = = Thomas Rogers sscn 5 sos escasecmeoss seen es RO ache eseeeenes cee CO): os 0 2s h ct ee 
VIS weidoy:. 4 Sons tat ooseeeenae seen eee eee OREs aeietian ts John. Pasnenl. sc ceca soe eee eeeee eens EGO} Skee ceceonae SEO Fo a ceieb Seite tb alee ene eee eee 
114 | Didier. : concede ee api OPAeae yaoi Beckwith éo/ Winters ..-.5.2secrosse-s0-dt ae PEMGO saainee shee ones ot G0 Sel oe. cc. ykt pee eae eee 
115 | 5miles west of Fairfield.........- Jefferson .../..- Saul Stieberts sie se aciccecen cas eacante a cenee SIG00 enna oan ees Micaceous limestone. .-....-----.-.-.- 
116 | 5 miles west of Fairfield..........| Jefferson. .--.-.. beds Fie gler yas. wees se cea ce cee ward Mester = Limestone .......... Micaceous limestone............2/.... 
117 | 14 miles south of Mount Pleasant.; Henry .-.-..-..-- \ Beckwith & Winters... ...ccs.4--e2e---e~ BE AR Se nerebinsccar & Liniestone’. <= «0s. <nescce aaa cement 
LIB UE OM ear awk to eee alert ee aes RPA Mees: BEPPee John Ruk gaber& 225.0 sn sao seae se eee ocd Ohen kh wcandeees PS 6 eee EE EEE CY Cie See 
119 | 2 Yniles south of Mount Pleasant..|... do ......----- Patrick O Connor sc. ose kanet comers seeeee net ween ap aice ccd ate on gtalele'as 60 ald celine (g's aisinte sin alln ohare 
120.) Burlington’. ioPosdance-sesvt esa . | ANG Se Noes ac acy anne wea eee So. Parl. Sess SGO) Wines onnee = ce wee eee ee 
120y) Burlingtonee ch seas esees Seance aces i .---| Hoppman Bros. (2 quarries) ...........-.-- Limestone ...-..... Limestone :<..- <4. .-15 56 9 esses eee 
1ZaN Ke knk y se ken heen See ne Ae ee | | Miata llaneoWs eat wc ac cmnsieaiepe na enews: Ws cL Soin at micts a ete Dolomite ledeseecess en 
aD ea ey ee ere Patrick Tigue...-.. Sv ain ute casa eema eel amracateel Lee SL dO eae sob veo cae oe eee 
124 OOF a2 35 chose Somer en eee esas Bete | James McNamara 9 ay CoS aw wip ct acai GE hed Bots nl a ocalane ones tain 
125 | 4 miles northeast of Franklin Charles'Gramertl:) : oop as-ceec-<s-ccee eee: Ferruginous dolomite; also limestone. 
126 | Bentonsport | Ge Wad BO edt ccckeebaons aman ceeaeee } Limestone! ...'.<.\ 202. Ase eee 
| 
127 | 6 miles west of Keosauqua ....-... | Van Buren...... Jacod Creasy 8 ccs cdeeasnc uses seme ry SLO DA. ef aativics etwas tee ane eee 
198 WV Badtond gs.) eee ee | Ea ylon sao cncsnes H. W. Greenlee SEO Ye ais wicin< inte ewan ee see bee ee 
| 
4 = + 
IOW A—SANDSTONE. 
x : : 
1 | 4 miles northeast of Muscatine ...) Muscatine ..-... | John Statkeuse.ctotsnese date caceseseanemee Sandstone .......-.- Sandstone |) 5.55. -s sean aemicet tenets 
2 | 3 miles northeast of Muscatine. -- a CC eee Se sere Asi EarGiok fret’ ae cetera eine aste ates ee S00 wiacnswat aes cance ON a ayalata ents 2.9/2 aba = ele inte ot a 
3 | ? mile southwest of Lewis .......- | Casgcat. ii. ssus Jehn Woodwardwids ... «2.2.0 eee Boos ovacont, Aas Ferruginous sandstone ....-...--+.--- 
ff MISSOURI—CRYSTALLINE SILICEOUS Rocks. 
: | reriegos Oe ce, ae ee Saint Frangois..) Allen & Smith .. ...... {coeuls Padoneeh eter GYanifioneeseneeee == Hornblende granite.----------..--225- 
| 4 miles west of Iron Mountain....) Iron ......-..... Philip Schnetder éiCo «iu scece nec acento eee 0 Reisner sistemas) GLOMUS sen wes cea leceen eee steer 
«MISSOURI—MaRBLE AND LIMESTONE. 
1 Saint Louis..... MorasQuarry ool. c.dcceancmoccee geet ate | Limestone .....-.--- Dolomite: .<:/.=-.. ccschereaee ee eee 
. oak Oe e Mena aee Daniel Cavenagh Pieler cnse bee sees Se eo Me joes a ce oO oo bie pee lal e ein. mee alata ee 
; = dots... 2. eee Dim Piva neh tee Wier caine teretet Leper en ENO. A COLAO IT a. naks 52 po LO eee eee 
: aia Ove ner renee Josep a WiCbDDGr ee. a. seeeca ean eae Here AO Pree me aia care nea Lipestone - < sia.s'¥ ace plas te ee ere 
o Steele LO ieraimieminatere a Michael Ronealy 92... saicew ccemcip tecum aes Res Orta ate te cme ers Dolomite limestone .......---.---+---- 
6 | City of Saint Louis -.............. Saint Louis -..-. James McGrath ses: oscne eee ees eirHeRLOne see eee Dolomite limestone ........----------- 
i RC He sooner name se wo weennne eine ne sie CO}M nnn eine Av Or En gelmanti GC ove... aut csaneeeee dee Sota: eceusa. Dolomite :<2233.394 Ree eee 
ale ae sem ede enn= cones mere once seis. oat QO!Csnaceemene Diederich Scharinghaus...........-..---.- pHa UO eas delacinee ges Magnesian limestone and limestone... 
10 petri oot t tere ee eeee eee eee eee eee 2-90 SPREE See ea erera ee epeihe I ERE eT nts be dg Sols iar ok cil ch col eee a 
200 GO ogee ence meena cccncncecesns Siaiein AO arent act steteaisis jam Gorman’ =. .cchuen cs cek ane eeee eee Rend OO teneeen sateen ena wamciamanace tees Bales an eiemne hen eptaeiee ts ‘ 





STATISTICS OF BUILDING STONES 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 


IOWA—MARBLE AND LimresTone—Continued. 
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| | 4 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. os. 
re] 
Color. - | . FI 
: : Jointing, bedding, ornatu- : my EX 
Texture. Stratification. eat Wantaee. Period. Epoch, Nee 
| 
CAD ease oe as ew peak ae Not homogeneous..-....-. NEES Greate cease coe W Ati a DSRS SaaS tee ee ts 2 || Carboniferous ....| Lower Coal Meas- | 1870 | &6 
ures. | 
arty OVH De ee gee ea a = Fine, compact, and porous.| Massive and irregular ... | Even and thin............. Sub-Carboniferous| Saint Louis -....--- 1861 | 87 
ec ep sini ’e'ein'e "9 c'via'e/>'2)='* Bee Eee eee bee C0! teceenacs- sci 2-- Even, tlin to medium ...-.. I eeat/ Owe oes er ee ciene (sf eee a Lips | 1874 | 88 
(2 aga Oe pboltend 0 et eens BU Mae yRe nuke oc. yen, medium thickness -.||,..7d6).)...22.2---.|..-.00's.cecse-ce--<}], 1870 | 359! 
Licht fh ee eens | Granular and porous....-.|.-.. WO Resawdas ets eescee Hyon, chick tomedigny...ssi\) = GO lc cseeen coaecileeee DOse cee ell 1856 | 90 
SO OS) de | Granular and porous...-.-- IMBSSIVOr accmin secickiccascs 5 Even, medium thick....... Sub-Carboniferous| Saint Louis....... 1880 | 91 
Light and dark drab ....-.. |, Compact and porous -.-...-.|---. CO esas geceescemasece ss ee Oa enc cece ce Eh Ways act ol al io See ll 1880 | 92° 
PARC UAN Soe ici ba eins cis: || Coarse, semi-crystalline...|.-... MO toscmmaa sir ass ewiewes Se Uneven, thick to medium OO oni nee LO san en ce one | 1862 | 93 
PROM MATAR Es oe cipcinceeer eo: Granular, fossiliferous ---.|.-.-. UO ocr cient eee ciecsiwis 2 Uneven, medium thick ....|| Carboniferous .. .. Upper Coal Meas- || 1860 | 94 
ures. 
. Oo 4 Nesey MlOat AE a2 S755 4 simon teooeeleeete (1) aS Ape Sedind ceeecr pee CO maEEP ean ee eee poet OO see ee nam owes een aoe teeeeu eee 1878 | 95 
VSR OTAD: cna pcs csceecees Granular, fossiliferous ..-:| Massive ......-..--.-----+ Even, thick to medium. .-.|| Carboniferous ....| Upper Coal Meas- || 1860 | 96 
ures. 
Pen da </oneDS wR Se BH OP ee iat ee Se ege tee ECO Ol nis a cla(saineee ence. | VON ANG thiCk...2-. 0050 0) asee 32 oe OL cee nen ete red RAST NERO Fe 
‘Tight and dark drab ....-.. Semi- crystalline ....-..-<. DEVOC ULM Geese iam ee ea = Even, medium thick ...... Rigen be Seca 3 J Gt SB eae 1869 | 98 
Bes a a te ee OOM arene Bt oag one MERSIN Onsen tematic en ariaiae|| Meet OO eseties ts Getch's sep.ce5s ell, ie G00 uc nd aac ce enn Oates eee Steet 1187 2 aI NOON 
“Light drab; io: surasswbin | Semi- crystalline and por- | Irregular -..........-...-.!. sis LO wets a see i ne Sate cic ioe Olat mess Seaman Ud Oboe eee 1880 | 100 
phyritic. 
. : g ; 
WS HIAGLAD eam ede nfo cao Bo iene and por-)|) Irregular’ cca c\sts/-n\.ci= ein + ~ Even, medium thick ...... Carboniferous ..-.| Upper Coal Meas- | 1878 101 
phyritic. ures. 
3): GIO aaa en ae ee Bie Ce re athe ataicve eeu sas ell ea CO: Fabre ret ors nti tos Wneven, medium thick sss" - dO... 22s g.ceeele Aeitipe te cee STs ke 1856 | 102 
eee CHRD ister aac aca sciaie'= 5 oe Oygrages hee sashes eee S200 a2 eRe eo sdes veeoe Even, medium thick ...... Wes: SdG! ne dee tee ee Rot RA eS 1879 | 103: 
CS Ae ES Sn eee (tomlin 22s soe UM RSSIVO Ne matarinsingin ces et Hven and thick......--...- (AO eee ee ae COR e oe eeeres 1880 | 104 
“Light drab and buff. -...-. Senii-crystalline, fossilif- |....do ...........--..------ Overman) GUIDE 2222s oc. aek SiG a eS Cees. U0 Sees cence set 1860 | 105. 
erous. 
| 
Gay’ ..setes.eesees eevee: | Fine, homogeneous -....... MASSIVO) time acincsiecatia<.' FUVOHHtHIN S: ate nied ec ceed | Carboniferous ....| Upper Coal Meas- || 1874 | 106. 
| | _ures. | 
ae Ch) See , Semi-crystalline ....-..... Tpre palate nsenc' een == mvenand thinwers 2 5.su.. || Sub-Carboniferous| Keokuk ...--..--. | 1879 | 107 
perches ere tisk beds } Granular Jsceswe-asee-sc.-/ Massive , thi heen Oita aabcus cele Ole cee eee ea OTreea OS 
Mottled ORR Rates Sse Sous ; semi-crystalline .......... Irregular Oa Voi) Bree coe te } dotccesen eee | 1879 | 109 
Dace Gris tos eon cint n'y WGTANUIAE TE oe ea sae ss -1- Massive Hpsat lene, pomeoresane lisa CO) Sem emeatcs 1863 | 110 
INEGHCIOM@ATAN <cccce= sansa Semi-crystalline -......... Irregulars sett teca || Even, thin to medium..... | Sub-Carboniferous| Keokuk .....-..-.. LST Lett 
clin) a ee We SOON e asco ann yah chasis ie 2 REO paen tes emesis yest == hoeven and thin -.2.222.0.0..4 fis OW eee tseer ce. aes? (pan eek Ste 1 1877 | 112 
mau ees te aE TE Seovetae Seeesses seesetrek lf ie osscestsitiiss Sate es 2 Even, medium thickness. .||..-.d0 ........ccee. Q0: San streetes 1880 | 113 
‘Light Pa ANCL INOULCG. Wl a Oe a nos ain bese as ll Samual GSE? cee er pee aer oes | Uneven, medium thickness ||..-.do ..-..........|..-- OOretasee eee | 1866 | 114 
drab. 
Bluish gray and reddish | Coarse, compact ...-....- MERC) SancdacsodtiGasenck, PLC CLU eM DIC ere tsra ie cine e sent AO satan ei eoenee | Saint Louis....... 1872 | 115 
gray. : 
| 
Bluish gray and adie Coarse, compact .......-.. MASSIGO ear beh. seaeate- oes Medium thitk.--,.-.-...-. Sub-Carboniferous| Saint Louis .......|, 1878 | 116 
Light drab and buff ..-... Semi-crystalline, porous -<|-~--d0 se--a-s--c-ee sees ee: | Medium, even thickness .. Heat dix tes corareerey Kool ees ceva 1855 | 117 
Th eee GO Sse. oe Aca oe oak A IES PAE a BR eet reg Ae Even, variable thickness..||....do ............. 3 WO: cAgeae tommy -|| 1866 | 118 
AUG a ee ee eee | Semi-cr VStalline oa: 5. seats ps 3-5 TE a Gee ee ee Medium thick............. SRE IE: Co aes ee ie Mi (oye Bes pie 1877 | 119 
‘Light drab and mottled |) Variable ..................|---. DO ane xd. oiatats)<, 50.3, =15/- Medium thickness.....+.-.||.--. GUD) eee ama sone Burlington is Stee 1867 | 120 
STAY. =... | 
Light drab and mottled || Granular .............-.- MaABSIV G4 ece Jevsceg- sete at | Heavily bedded ...-.....-. Sub-Carboniferous| Burlington..-...-.. | 1867 | 122 
gray. | 
OTE ONS BAN soe a Seta miata cues eWARIDDIOS ss svi ciee ins cen GRE EAL Rabat Bersernice Uneven, mediom thick. ..-||....d0 ~..-...------ Keokuk. separa e sore dee 
pelt CS er ce a eR Porous and compact. ..---- “Spe er RD Wg A | Evenand thick:..-...-.-.- | CORSE Baa eerste PE eon ame mice ee 1866 123 
PPE ete oso. n eee f 3 Coarse, porous.......-.... irrecular see eeee seo a UMevem, Medinm thick 675. ||0.2 CO). ececceree ihe RE: Fo ees Se ee se || 1857 | 124 
Butt: and light drab ......- || Porous.......-..---------- NIASELY Glau scare nicole ae ins)= | Even, medium thick ......|/.... WO Ere re aebioee sani Sac UM Steages 26 e5 1837 | 125 
Light and dark gray...... | Semi-crystalline, fossilif- | Irregular .............-.-. | Even, medium to thick..-.|) Sub-Carboniferous| Keokuk -...-...--- 1856 | 126 
erous. 
11 eee toe nereree Semi-crystalline, finely | Even, oblique ..-....-.-.-. Even and thick............ 25 CO) s\teceet on tae Saint Louis. ......| 1850 | 127 
granular. 
Bade gecesi hides |s<sias2b opel Semi-crystalline sOpaceaes PALO BBIV Clermtee fem cla d\= 0.e<iai5 PEI Ge LEG Kael te rete a oeiamrs 3 | Carboniferous ....| Upper Coal Meas- 1857 | 128 
| ures. 
| | 
IOWA—SANDSTONE. 
| a | | a | 
UNE 738 15 a 1 ac a Conras trighlen sac es cee Coarse, oblique ........-.. ad A) ea Cea: eee ean a Se ESI || Carboniferous ....| Coal Measures. - - ‘| 1860 | 1 
DM LO ha eS Sota arke ka cron |ic cate WOM etic ac marie sae oan eee COS aa ae eee ee Oe pa aige teenie Sele (tases do)2= a6 satdea-ora[ see OO} 2 Sos sae | 1876 | 2 
erat AO rst LE od PE LD 27 EUS ONE EE Jock sooner ears TE a Medium, thick .-....-..-- || Cretaceous.....--. ‘ eI Pane see 1871 | 3 
act 
MISSOURI—CRYSTALLINE SILICEOUS Rocks. 
} | | ee ee 
Seed End Ted secon seeten HOMIE ba) = Esse oe es oe | Psanatve bs BAPE Ree | Parallel and vertical ..-.-. f ATC Man orem. was c|ecremstanp emt mctasets || 1872 | 2 
sia) Slain Sete i Coarse .... Spaaat EE ee Log R ee re oo veeeneereeeee)eeeees a 1873 | 2 
| wer he = 
MISSOURI—MARBLE AND LIMESTONE. 
be | i 
WPAN See vison cee eerie | Fine, fossiliferous ........ IMAGSLVGNaecctweeetcoesec. Even, medium to thick Sub-Carboniferons| Saint Louis ....... || 1875 | 1 
2 UAE RE errs Pe || Fine, compact: :.2....22.- FIVen sina Wavy asemeessone (seer ses ae apace crete -- Sra Genre ee ee oS = Hie sis L0) avian sakes |; 1866 | 2 
SS EC SoS Apacercercne nsoric: | Medium, fossiliferous. -... [NCEA os acer ica oe DOSE eam (Rear roaeee Sarasa oot Hy erenicQO) <hicine'winie nolan SecA esl Sener oe. 1879 | 3 
2 EAN SRA ROE Cee IE Ons | Fine, compact .......-.-+-|---- do trak ot EAL osapt ee CO. eat tisaesddaem- 2 cee. Woe AG@) sotesaueeceia ee Wee sArinberse | 1875 | 4 
SOO renin ever temaue | Fine, fossiliferous ......-.|..-. i Pa Ok Cake eh LA ae Medium ,.thick.-.--22..5.. | Weice O. resists ors Alaina --+-do Be ene | 1875 | 6& 
| 
Drab: 1122225505 5225% aedeee | Medium, semi-crystalline.!| Massive ......---.------.- Even, medium to thick....| Sub-Carboniferous| Saint Louis ....... || 1845 | 6 
ate oie ghee ne toe ea | Fine, fossiliferous ........ | TTC RHIAN enero s eee acnwe| esa. Ooo amcien cea mmecien a als Su Baan rpc lee d0ic. caches 1 1871 | 7 
Me etOs enone sales einai nen “BIEL PIM Ryn lad a DOpsactestacsateronesGercleces OG sete neta ctamta states cisers\e sists eA tas wane sane RUG ameter ae || 1475 | 8 
Ben UOieteea aw cseccet aca eee +4 i do Baas etaae ae a waccs ols bes GO ac anictas sh ctsis oases aeias dO emagchesbenanons ates Haas AOlece eb Sane ela OO deewtns caceen || 1875 | _9 
aren O sake tele aiatateista = Haw araicte ale | erat d07S. ease eataistenbiacintees MassiVe scssceaciessee Para eed Oe caadas hares sien ese Worse OOrese aaetat ges cies U0 arava anos aie || 1872 | 10 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TapLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 


MISSOURI—MARBLE AND LIMESTONE—Continued. 














Name of the corporation, company, or 


SPECIFIC VARIETY OF STONE. 























































































































Location of quarry. County. individual. 
Popular name. Scientific name. 
Hueh Carlingese- ce: case cex= = erates ae Limestone .......... Limestone <..0-...s/cccnsecesatee eee 
, Bowdern & Chs. Hogan....-...--s-.------- 55000 sertemwemseslasten eras OO) eee a tceeis acide one et eeieete ene 
Bambrick & Morihan ...i:e22=) scence ent shsCO siidsaciwasteeeneels we OOo sine oc ctocte se 0c anh een tenemos 
Schrainka’ & VelthSicu acces esses =e eee cea en ae SCO pee Use ne anions 56800 jaime sib oes one des cinte sae 
PhilipWs Stiteliee. cere see tesa ceee resents Sek! ona eh eee “Dolomite sisebocenses svecentees an 
Henry Perisinsone see as. cmecct ee taeemcae | Limestone .......--- Limestone =. =... =52<..1-28 «eee eneeeee 
John MceKenngne sot eo vsseecceoeeeceen nee {cnt OO Remains cialem'slsmeats oe GO pol cecweden sd dcic nuk doe ae een 
John Bowdern Guison.n sessseneeeesseeeeeee See0O: spacticwencoces ote 22 GOs dan set deed aboke ose Meee eee 
wh. OP Meare) duce. 0 soaks cece eobameneeemeee es sO a cececctambees -do - ia vicuewewause wee scent ace 
Gottleib Byermann..-:.---s<0s-s-ssesesee- hist cdOnceamneee cemmese “Dolomite ...1scs.12cs8 cee 
ROsCU ROL ne eee eo eee aueeeee Saint Louis .-.... INioholas Lamb, s22thacsccesceem= se abeeesaem | Limestone .--.....-- Limestone ..... Peas obese sci 
Ss bo eae iby. eae tere ae (Cola eet ee Aa W.. Koolkmiyer: Jcscaocsate cbconeen eee SAG oe) Rancmonetry Siliceous dolomite and dolomite...-.... 
59) Boonville eee Baas ees Coopers eee Russell Quarry /c-chcese- toe teeeeesncemees ban or QO +. cavcosccesso)] LAMOStONE oc nc ee ees ee sees 
OA WISodalia tke eee ee ee ee lPattisu ce: dee ns Richard Anderson, lessee of Smith’s quarry||....do -.-----.-.-.--. Magnesian limestone; also dolomite -. 
25 | 4 miles south of Clinton .....-....- entyaeeacnassse C) Bi Sordan. 2. - 12 scseaca sone cases ees | Flag-stone ..-....--. Argillaceous limestone ........------- 
26 | East of Kansas City ......---..--- Jackson ...-.-.- John Bauman: 4osscscs cose eee aticaccaeereell Timestone -s2-.eecee Magnesian limestone .......-..--.... : 
°7 Blassiol Kansas Citys .cecs sees es eee dol eesre ae: James, Dowling sceas--pcessere sce eerete Soe eS peptic oe Limestone ..--.- 2. s2--.-ssse>eeeneee 
MISSOURI—SANDSTONE. 
1 | Miami Station Carroly ssc. sacs White Rock Quarry Company .-.-.-....-.-.- 
i] 
2 Warrensburg Jobnson ..-...-- Bruce: & Weitch -ceecss ales cease acetal ees 
See OL. ca case te mane eee bea eee eters PROC ae sea 3 arate Pickle Brothers = sctcos-5 -nccinnp atasemmoemallireme 
4 | Clinton Del rie eo Serene: Gebhardt Quarry) <5... 2. mes =eeeeeensep aay eeee 
5 | 4 miles southwest of Sainte Gene- | SainteGenevieve Sainte Genevieve Sandstone and Granite 
vieve. | Company. 
| 
KANSAS—SANDSTONE. 
| 
1 | 7 miles west of Fort Scott .....-.. Bourbon .....-- Gilfillan Brothers) 22-<2s--eanernseeas ee eses Sandstone ........-. Sandstone (calcareous) ..--.--..-..--. 
2 | 4 miles southwest of Pawnee ..... Crawford ....... Pawnee Flagstone Company ....-.....-.-..||.--- CU PRECINCT ES elem O oise's sien sme canis soe 2 sae eee 
KANSAS—MARBLE AND LIMESTONE. 
| 
IW Bigelowasssen Ges -neoen eemane ese Marshall 2. 2.-.- HOP Gallagher seoccco.ss-eae eee ae ease Limestone .......... Liméstone ......2-<c-cnanenMooneeaeene 
2a Bran kforbisc-c steer name eise ae Oise AS Ase Joseph Wilson ccch.2crtccknoee aes 5 </eAO).< agieneas counters $2600 ccsenaescuraciaeenteece teem meen 
8) AC CHISON +245 Bewtee Aces Atchison acess] Reddineton & Co ccccucesscnneeee eet aeoeee ERG as acet sees sate oi OO kee pcces sunees eeuEeenee ene 
4° Namib atta ss oce siete ee einterte ae erate ROY Vise setae eel Ulrich Brothers leu... = weeaee- eres Be atlcee GO ten asst pesos w2= OO 5 sc .ceckee se secu eae eG eee 
yg Ped Wag of 34: eos ae aides sods ac SHO ASE Shawnee.......- Mulvane & Higginbotham .............--. = He) OP Same risdre bast Dolomite and limestone. .......---.--- 
6), 2mules from Dunlap sco. cceece => Morvis sc cea.s en Wolf, Piekens'&’Co-c,cccenmeenssbemecens Limestone .-.....---- Magnesian limestone .-....-.--.------ : 
7 | Soa One SS: tae ece oe faye koe Se eee Tirankin ee esas Hanway Brothers ak Sordice he seinem eels ctesep acted acbOO cincstccesceanies Limestone .....--1..0. sends 
8 | 3 miles east of ‘Cottonwood. ....... Chasevrscssse see L. W. Lewis 2620 wae ws wale oe tale bain ee ee 
9 2 miles east of Cottonwood. - a ~SdOvGee sm eeeeion Tweeddale & Parker Magnesian limestone ..-.....---.---.- 
10 | Cottonwood BIRDS Aoyente donee ease ale EEO. sake see oe Emslie & Rettiger we sO 5 we cntec ose bs omcinnnletelelteetaraemes 
| 
11 | 1 mile west of Cottonwood Lantry & Burr Limestone .....5.-sssacsstee 
NZ eNiarion Center cuss sssece ese se oe Groat Brotherss2es24. eee eee eee eee -d Dolomite 3... 2). -/-vaceueee 
SP PLOTER Ce... cept ar ee ee eee ece erate A. F. Horner 2 Maegnesian limestone 5 
14) Augusta... J.C. Haines : Magnesian and siliceous limestone - --- 
15 WF ore Stott -uone 2 dovedek acme W.. La Wilkinson): cscccnccetens sateoneee tle MEGOnS cacccet eeewene Magnesian limestone and limestone. -. 
| 
16 2 miles east of Winfield........--. Cowleyenooese-e Charles Schmidt 2 -cnseeoceueeetconmeeeeees Limestone .-.....-.-- Siliceous and bituminous limestone. -.. 
17 | 24 miles southeast of Winfield ....|....do ........... Hodges, Moores Coie smcescenecseneeeees -aus QOtiaubeckneamesie Limestone .......-... Dees Sacer” 
CALIFORNIA—CRYSTALLINE SILICEOUS ROcKs. 
| 
LA CRONTYD o. ane edocs sopne esse nwaee Placeraessestece Griffith (Griffithas 220302 eee eee Granites cc2ass set ece Hornblende-biotite granite............ 
2 | JER UN Me Weegee sare cao Een ocoben: Sovuomaneeseeee John Codden & Bros. and others .......--- Basalt tense eeeceee Basaltio.dso.-.2 oho fel eee 
WASHINGTON TERRITORY—CrysTAL.Ine SILIcEous Rocks. 
1 | iWalKe@800 F.-scnesasdsseseeceecaae | Pierce e-eease ese | Northern Pacific Railroad Company..-.-.-- | Girenite-.ssssmsese> | Jeasiivsahacs'pesccs cesses ces sean eeemnEm | 
\ 1 
WASHINGTON TERRITORY—SaAnNDSTONE. 
ees, a 
1 Belligham Bay.................... | Whatcom......- Gi Seidel 6¢ Coiscup3. cence nese ee Sandstone ......---- | Rindittode dicots ie ee wl 

















NEBRASKA—MARBLE AND LIMESTONE. 











ee. ee i 





| Limestone 





STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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aq 
STRUCTURE. GEOLOGICAL AGE OF FORMATION. :-| x 
ES 
Color. = ag 
' P Jointing, bedding, or natu- : i & 
Texture. Stratification. ent wietade! Period. Epoch. é CS) 
. emheasominny 
DTAD Ee cc csiee  seataeee nas Fine, semi-crystalline..-.. TUE) one sradorepapee Even, medium to thick. ...|| Sub-Carboniferous| Saint Louis -.--.-- 1864 | 11 
Se ON oee au ocetacasaeae clas Fine, fossiliferous ........|.-.-. QO Sacto cats eoseeaaeilier 0 Sear opt ae ae 5" Tope eS I ae, PS ee 1860 | 12 
Sel eb ae SARS ene SAE Ceeees Fine, compact ....------..|..-- Gh) sont arma Aocm-eereooedle eeLOY a tat See Seema Bega ty ie Ret See ee | Dt d oa ae Sunn 1878 | 13 
Peet Gbabectes cede vs cwiaicos as ¥ Fine, semi-crystalline..-.. Far LO esieeisie bese ssiegeisizjeie se ACs (of, Seb Seal i Are a Rear Cae ERT (ical ae Said I dO, Sloe es 1850 | 14 
BEUOb cscs ncitscelsec a= ae ate Fine, fossiliferous. -...-.-.- Toate PRO a. cesaeondondseor ‘Even, thiC ke aac meet eee Dd ghee coe we eeE RAF on Sone one eee 1873 | 15 
TDs ie ates ae arate = ero'= ee an » Fine, semi-crystalline. ---. WEI SINE eae aeogecsocke Even, medium to thick. ...|| Sub-Carboniferous| Saint Louis ....-.. 1860 | 16 
BE Oras ccisicnasaccsas-sc Fine, fossiliferous ---.....|. es AO Miisicc'uaeyae sedees aa Medium, thick ..........-. dat ere p edo te Ae 1860 | 17 
eo ea Gli PARAS GS SER Eee Sen eee pe ote CLO eat rat etnree stats ete tetee 26 (UO Sane Sanne gocpesee Even, medium thick....... Bri Cee hs aye AYN BT ree. eeey Ma A 1875 | 18 
Re Oecswesisbeaacask o's. Fine, semi-crystalline . -. SOO feb sala ateie eerie iaiete sinto'ainsa Peete tt ti sae ack tF-AG0)9- he eee fs CP Toda oe 1845 | 19 
BEER eh ecarc ossascecdccs ss Fine, compact..-.---....«. .| Irregular Blase utaleieasisigeto'siallis a a ae Ser Cee VAG Aa he eee a eee does ee) 1850 | 20 
DUIS I See acta c's oc'se meu me Fine, fossiliferous .-...... irregular .-....--.--...-.. Medium, thick .......----. Sub-Carboniferous| Saint Louis.....-- 1878 | 21 
EAP NINGTAD Ss oc.56< sce s a Fine, vesicular ....-.--..-. IMASSIV Giese =e ean seen Even, thin to medium thick |) Lower Silurian ...| Potsdam.......-.. 1876 | 22 
JO) 2G hil ae ee Medinmfossiliteroussese) ea OO ws cee an. alec se sen Even, medium thick ...... Sub-Carboniferous! Saint Louis. ...... 1856 | 23 
Brown and drab .......--- Sea Gb) 2 cusohneysaccesssenar 200) ieee asnneesccce= sneer GV One UOC Keates: ceircaneae pat 0 fem. le beeen sleet he Lease te 1866 | 24 
RTE OGG [ac xicis0 svieu vec Fine, compact ....--...... ‘Even and Wit Ma feccoreaccee Even, thin to medium ..... Carboniferous ..-.| Lower Coal Meas. || 1878 | 25 
ures. 
(Ck Sigg ReGQOSOEe GP etEBAeE Granular, fossiliferous....| Massive ..........-...-.-- Uneven, medium to thick .|) Carboniferous ... | Upper Coal Meas- || 1869 | 26 
ures. 
ra brsecscrs:sccceccscress Fine, fossiliferous......-.. aceA0t) spond ghorcacseoesnase Thin to medium........... Te cigs LO baz 2 st maitre eee dO} 3s theses 1865 | 27 
MISSOURI—SANDSTONE. 
Light gray..... ohare Medivm ees seee one ae MABSIVGbiee cftamciesseo nes PP HICK ee cteetatsectice 2 datas Carboniferous ..-..| Lower Coal Meas- | 1839 |} 1 
ures. 
(HN eodee oe Pere ete CL Oleeraiets aici sets atelier are SRY oe ie cee OSE aCenne IVOW) CHICK esa =e sec ccs <a eC nsee sen mapase |e dost race hee | ISZio 2 
sent (Hs Aaa eee |----do astat eens paces case RO) Secale wis oro aches aeise wiaie anoct N58 aie secue ape Gnenee ne Sa ceaicslemmece fonts GO: pesGasacene eel 1STL| 43 
Light brown......--- ae rs Oe amo ate | scat) econ enpetascoos wera Uneven sick et soe. cail.2. dot sc. 0. sect do. 2a 1877 | 4 
Jain Sua 3B Gosebos dobeeee | MpbiG) cemectoqcpeneo sdesd ony ec dG ccc seoaehergeabacsee Niven: tnlolg vas. Place. cis (Gaxboniferous Chester.....-....- || 1869 | 5 
| 
KANSAS—SANDSTONE. 

Light gray..........----.. HANNO eee Neence teewc ses ten MaSSiVG\eemerie cece ets acres Even, thin to medium ..... arboniferous -...|..- SNelosssaweesa eres 1866 | 1 
GOONS ccc. scasseecee Moedinnt 22s.2.ececbescce xe eee OG eatece essa ccce cicine Even, medium............ wen 0! Saecoe Soe cn kalloee ne eeane deers 1880 | 2 
KANSAS—MaRBLE AND LIMESTONE. 

MA DNOLAD 5. ccc ee: Warlable<s--sse--s5.65- 6 rrerularves canes meanens = Even, medium........-.... Permian. «cs das|[s-satons aniec eee || 1870 | 1 
Bee OO Nera iicis sees clsa see at Coarse, vesicular. ........- IMASELV Gi, cael enemies cite sa Eee OO ee ee Pane ns sicdos = 20 S.Sennae Soca tenes oars 1874 | 2 
MpOeeseicecnas- o's 5--2=- qth 011245 posers Seager irregular ie. . stscteses sees Ogee et eee: feels crease Carboniferous ....|...-...-----ss0+0--- 1870 | 3 
(hat? 32 See eee eee Coarse, vesicular. -....--.- IMasslVe@ eae corse nee n as = even, thick ..c..-<2-0!.-.- I Permian vse, jactc||c au eee ene ea seeeeee 1865 | 4 

CHE oS a Ae Aare ae Fine, fossiliferous......-.-.|- Een OOwe cmerpemaeacce cecascntt Uneven, thick...........-- Carboniferous! 22. .|S.c2.-esaes tees 1870 | 5 

PeNWdEA Lecce. 52 <> Medium, vesicular ..-..... Trregulanecc.ccns~sseiece Even, thin to thick. -...... Permian -S.c2ce 2s: | secu seee see aeese 1878 | 6 

Gray and baffs.-.-<.....-- Medium, oolitic, & vesicular)....do ..-..-..-----.------- Uneven, thin to thick -..-. Carboniferous, -- =.||-sss<eesset pease ae 1878 | 7 

TANS he Hae eo A aGaasee Medium, fossiliferous .-.-.. IMASSIVO\o acces sc cesear Uneven, thick.........-.-- Permian 1880 | 8 

PeCOO i cdaccscccs cas cate ts Fine, fossiliferous......-.. RSE OO! ance cae = ol ae 22) ven, medium to thick -o.-||....00 ..-...-c.ccne 1879 | 9 

Ber as Cl en Mea erate eim.c ties iljate Se Medium, fossiliferous ..-.-.|- BOO, Bass acta ce en tcc’ Hiven; thick). 0202 sek essen: sO te an 1873 | 10 

Might drabss. .-fo.c.stsess Coarse, vesicular......... IMASSLV Gl ocrma et aectse es fees EVeny tHIGK (oes ctetioc csc Permian 1878 | 11 

BLA cea cenie oscece vent toe sts Medium, vesicular .....--. Boe OOo se stoakisss nae seas oa Even, thin to thick.-....--. a CO mews 1880 | 12 

EL Metter ctaloraie stain's(c.<\s\<'<1<:<(- Spadito oee RAGA seo esa Sees Irregular, wavy..---..---. i: (is 8 RSS SERN oe este (LOnesrela 1875 | 13 

See AQio ree ceca cscs wbevioes JF OO ee ewtatan ses asaeey IM@AGIVGl2 ce) cntecee cose ns “Even, medium to thick .... OG Sere esa saa 1880 | 14 

TA 1G hia Olga See eee aCe Fi ine, semi-crystalline ..... Irregular, wavy. .-.------- Even, thin to medium ..... ‘Carboniferous - 1879 | 15 

Bere OVA DE ne wtsloiacts a's axis Fine, vesicular.........--- Even, parallel...........-. Even, thin to medium ..... Permian Je.ccacns<|-cnsveccaencoae anaes 1880 | 16 

ood hy 55: 45 0cbe Bae e eon eeee ona Gth Loan bss Ges aso cee 5) Irregular, wavy....-.----- Hiveni) thi¢kssecwsen-e ee - = Saat) ee nncgosec cg Haun usE Se Sasse cho 1877 | 17 

| | 
CALIFORNIA—CRYSTALLINE SILICEOUS ROCKS. 
| Black, dark gray,and white | Medium: s25%-<visecnsadens IMBSSIV Glade cemt or side e's Vertically :c2.0.5 2.2405 see JX ESE, eB roaar ASacor cece canoe - 1864 | 1 
| DARke Wehyicsacsoes--o2s.s | Bingietnen soon eco sec nee RP lo Gres sats) Sete 5k | keregularsee sessece ees (Peers Pepe omecr rr arcocaes 1864 | 2 
WASHINGTON TERRITORY—CRYSTALLINE SILICEOUS ROCKS. 
| DAL STAY v= -- -estess sees 5 | ing creo gecsere ate seas IMassivextsesn-- tease tesese | rite palaces. ccmeesec ces | Archean ........- | wcenee cm eseensencees | 1879 | 1 
WASHINGTON TERRITORY—Sanpstone. 

| Greenish gray .--...-...-. | Medinineessss eres esse MagnIVG! ).cascaceesnce sue | Uneven, thick. .--.-...---. Carboniferous . . - | See Sea ae eet tee | 1872 | 1 

(a gE A Bre ca ada, 
NEBRASKA—MARBLE AND LIMESTONE. 
: MOPAD eee face wiaisle tac dacieeate | Medigm waaueacscrc= oxee ns MaS61 V0). ccrdac: su oeae oes air | EVEN UihiGkot menace cies « | Permian?.......5- | Scuecees esos eee ates | 1870 | 1 
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TABLE IV.—TABLES INDICATING THE AMOUNT AND KINDS 

















DAKOTA—SANDSTONE. 
SPECIFIC VARIETY OF STONE. 
Location of quarry. County Name of the Ga ates 
Popular name. Scientific name. 
OY Wer esioae iam a) |e ll 
Gl neeoMalia Were tee en ere Minnehaha ..... George Boardman ........---..-------++--- Quartzite .-...-.-... Quartzite ......-.--+-++-2202-22e-2--e- 














COLORADO—Votcanic Rocks. 











AneGaatlo Rook #2 ccc octa ee een es Douglas . .......) B. Hammer. ..-...--.----------<=--+------- Eruptive rock .....- Rhyolite..-.c2cct a. cence. eee eee 
2 | 24 miles from Castle Rock .-...--.|.--- dotressenaoee G. F. Girardot ......----------20---2222- 20s]. -» GO -..2.-5.---202-]--0. Wisnaoseere creer = nace cacesceeeeeee 
SileDonelaseeeese se eee ees es Seka seek 0g ens sastens 8S. W. Madge ....-. -5.025-se-bancassaensncn||aans 0 Si ete eae eter G0 os re sass wswse nies s 2 seeee eee 
COLORADO—SANDSTONE. 
zl] ey Tone southwest by west of Fort | Larimer --..---- Ho BY ON ccemecn se pwe ncn sicie sexe ene a Ree eee Sandstone ......:...|ssseseccsesc-ascaceseeeeneeenenee Jeena 
0. 8. 
2. | Morrison) -..2---.<s Suovece dele ls Jefferson ....... Gartiold & Co sooo. neo cncusuwensaneensal loan 00 concenanccaga A Peer eee ences aysccrss ho voseemanan 
3 | 24 miles south of Morrison......-..|.... MAbs toed Aj H Gartield '&'Coe-o2 oa crecanddcenenees||teas GO co .pecece pec! colecccocvdulaccdedasaaneaueaesta sama 





STATISTICS OF BUILDING STONES. 


OF ROCKS QUARRIED IN THE DIFFERENT STATES. 
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DAKOTA—SANDSTONE. 
| ig 
' STRUCTURE. GEOLOGICAL AGE OF FORMATION. | Es 
Color. aay cae ae P e 
Texture. Stratification. ies A pela he natu- Period. Epoch. é 5 
Reddish purple .........-.|| Fine, compact.......--.-.. MBSSSLVGles-s2ee <5 o=e a Even, medium............- Lower Silurian 











oO 
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bo 




















COLORADO—SANDSTONE. 
GiRiecssc = selec stonssn as Medium = -cisseseecsacosee Even, parallel ...... .---.- Even, thin to medium ..... Cretaceous:tcaces|teneacasadeecnacacse 1871 
WWUNILO ose etsee cece dees. SHin Gyae awicci vaccine sedis aie tas Masslvemsescccesssceccuse GVens thik econ ees neice J ULABHIG \ oacawe eeleee os cecacdaseasiecellaeance 
PROG ste veces to ae esas AE ee a be (lia densnntecoouscoeasar crreguiare sacs sees eecee se Uneven; thin wo. cue. < sac 2||2 sae 0% scewssevenes| ce SAE On ase crig ncn faces 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE V.—SHOWING THE EXTENT OF STONE CONSTRUCTION IN 














| Chillicothe 


| Cleveland 





| Allegheny 


| Boston 


| Bridgeport 


| Camden 


| Chelsea 


| Haverhill 


City. 


Akron 
Albany 


Allentown 


Altoona 


Amsterdam 
Aflanta.cevstosene 


Auburn 
Baltimore 


Bangor 


Binghamton 


Buffalo 


Cambridge 


Canton 


Chattanooga 


Chester 


Cincinnati ........ 


TOTIO bck een ene op 


Fall River ........ 
Hitchbarencsee 
Fort Wayne 


Galveston 


Hartford 


settee wee 


Indianapolis bags 
Ithaca 





NUMBER OF BUILDINGS OF THE 


DIFFERENT CLASSES OF STONE, WITH LOCATION OF QUARRIES. 








z ie as. 
State. | | With Per Sandstone chiefly. Marble or limestone chiefly. rants soe Sheent » whe 
Entirely stone jcentage 
Total. | 7; : of all 
of stone.} frunts Baila. | 
only- | ings. || No. Location of quarry. No. Location of quarry. No. | Location of quarry. 
2 i be: = a oat i 
Ohio. -- 24 11 13 0.75 | 24 | Akron and Berea. -- <2.) oo algo on caer intent 3 ames |mee on =| oe ela ai a 
Weve 125 13 112 0.76 || 115 | Connecticut brownstone 1 |) Drenton.. scene aewcse coms 4 | Maine <2 eaepeaseae 
Dake 45 15 3 5. 34 40 | Freeport, Pa., _Massil-;)...-<-) 02. 9o< cccc.ewsrece wees noc |pocenc|war cas somes e eee 
| lon, Ohio. 
Pa 15 12 3 0. 37 |] 1 | Pennsylvania.......->.. 14) Vicinity onc sco. scene lente vo] owe sche coe soe 
Pa 10 3 7 0.30 |; 10 | Vicinity and Amherst, |--2...:).-. 5.005. 0-os-e.seeccb cs gn|esoces|enssc/c 2 eee 
| Ohio. | 
WY? 22 20 2) 1.88 17 Amsterdam. 22. <2. d.0e-< Does ee cae n cee cecslen ame dais a a|vusweni |e eat <5 aetna 
Gaze, 8 | 3 5 ORT seven ae a SS Ae re Senay mtd | pomicie Ie Salas Aaa es AG cn 8 | Stone mountain an 
| vicinity. 
T. 17 25 52 a ee kis 1 | Connecticut. ............ 76 | Vicinity 2) ce. se<cenn) | mes alate eae eee 
Maier 229 28 201 0. 38 85 | Connecticut, New Jer- | 178 | Maryland and Virginia.| 31 | Maryland, Virginia, 
sey, and Ohio. and Maine. 
IMG: eee 10 3 7 OSS acne aie ceov eee etna te oape son] Cra ccalbace tay eon tie state Eee 10 | Frankfort and Penob- 
scot islands. 
NY: 5 Bilt steetes OC ER AEs OMI RSG cce cane, tear 5 | Syracuse. «2.0.00 ess innc| ces s|s cee see eee eee 
Mass - 771 93 678 1.50 || 346 | Connecticut valley, New] 68 | Vermont...........-.-.. 312 | Concord, cape Ann, 
Jersey, Ohio, and prov- and Chelmsford. 
inces. 
Conn 39 16 23 0. 87 27 | Portland 2. 37fecss2y hosel \.wee aul See cece sein see asmee baits 12 | Greenwich.......-.... 
N.Y 86 51 B5'| 0.88 llc fesctitek yng aks Oaeee ete meee eaetee Tyee San cntenscematcaon=| sede daca hs seh 
Iowa. - 100 95 5 2. 00 1 | Amherst, Ohio.......... 99 '| Barlington..<. -0 6522602) ccn0-|-.52-s—e eee eee 
Mass 14 13 1 0.17 1 | Nova Scotia ............ 1) Roxbury:-.-s,c-5---¢=5- 11 | Quincy and Rockport. 
Nude 35 20 15 0. 40 10 | Trenton and Connecticut} 16 | Vermont. ...<.....2-2-00).-----|+--2ss seen eee eee ene 
Ohio... 35 4 31 1.33 85 | Massillon 2.2 2-oa-ncsne sepeatecess sa wctoncndwcasccscce|ccsamel ss oct teeter 
Iowa... Ae ete Ld 7 0):28 I) eaancte| > cane Setee ae eeee eeetee 7 | Stone City .-- 201 cece eee | 220250). shes ses ee eee 
(Ta Gee 8 1 7 0.11 8 | Connecticut ..........-. |\gw wininicl| a an'e misten's 2 m= aiainiv'ein mle we tee) oe = aaa) aie can 
Tenn 4 it 3 0.14 | He A Hoare eb cctoasoncr che 3 | Vicinity 1 | Georgia:.-.eecso eee : 
Mass 4 2 2 0. 125 2) ViGinity icc or eee citan cen lsc oe leases eaten 2 | Cape: Amn?<..2 creer 
Pali BT pe Seem bea nek De 1.00 lsc caine tek E55. erate ners veklge se] ems aenices neat eae cee eens 30:|. Vicinity <= 2ns-scewees 
i eee 5, 003 453 | 4, 550 5. 00 500 | Ohio and Michigan ..... 4,500 | Cook county and Rut- 2 | Maine-2cencces seco 
land, Vt. ; 
Ohio ... 8 7 1} 0.40 8 |o-< eis dadmadedenekscnecwas ree ote 1 Ena deeace san: saacns|onws eutaa eat 
Ohio 2, 500 100 | 2,400 8.00 ||1,499 | Portsmouth ........-... 1, 000 Cine, Dayton, and 1 | Maine and Missouri -. 
iana. 
Ohio 250 170 80 0.78 249 | Amherst, Independence, 1 | Sandusky... cs. sccnes os] deccus | ooeeee ee eee “wen 
and Euclid. 
Ohio. 40 10 30 0. 43 34 | Berea, Waverly, Black 6 | 4miles westof Columbus |:-..:-}.2.ceseesceeseeees wwaetes 
Lick, and Sugar Grove 
Nero 6 Giscaee eee Dee ye Beads sees oe ceon terreno heres Ps sas eocase AA cota ie 6 | Concord ......... cence 
Mi dices 8 6 2 0. 50 8] Vicinity cna c.c cesisms cose cases] soccces commceseiscclesisne peels oak os teeea eects 
Towa 50 30 20:1 OIA. COW ecdeee snes ce weedeee eases 48 | Davenport, Buffalo, Le |.....-|.--.-- 0-42 =3ee eee 
Claire, and Stone City - 
Ohio. 125 25 100 1. 64 50 | Portsmouth and Berea..| 75 | Dayton ............-...-|...... |c ane ccnthe tne s See 
Colo... 50 12 38 CREE Reh te! WOME rst canaries acm mre On neme Geos am arcetn aR aemesaGen 8 | Castle Rock .......... 
Conn 12 ION eee ye oe LRG Ss B= SS pn oe iaeeO aceonOeecT ao boG fs ania Scat sed sere ates on seesec 12 eee and Birming- 
am. 
Iowa 12 2 10 (URE Berens ncensn Ags ssc Seaeocogec 12 | Earlham, Pella, and 1 | Sauk Rapids, Minn., 
Tracy. Iron Mountain, Mo., 
Grundy and Bu- 
chanan counties. 
Mich ... 75 15 60 0.27 || 60] Amherstburg, Essex 15 | Trenton and Kelley's }--::--|.--.-2occecesceneeeeeee 
| county, Ontario, and island, Ohio. 
Berea, Ohio. 
Iowa 200 150 50 45/00 | eeoaacnlemaacies sabres dee caataisae ae 200 | Dubuque and Farley, |:--..-|-<.....sss-s-eeeeeeeeeee 
and Nauvoo, Ill. 
PO sotee 35 20 15 1.40 | 15 | New Jersey amd Penn- 10 }, Vidiniby 22222 once od) cones acon a5 esse er 
| sylvania. 
N.J | 15 3 | 12 0. 27 15 | Newark and Belleville..|......)..... ghdshicet ae cca neeceacelscnear nerd S .saicdes sae ea eee 
| E 
ON 15 3 12 0. 37 | 2 Vicinity. <titenc dee cceeee 1 | Syracases <2 ecccscc eee he ccewe|sc seas cee 
Pal. 5 4 1| 6.131} 2.| Medina and Amherat...| 8 | Dorset, Vb'..1..2.-.--..|<--.w|\--->-0 25 eo eee 
indsens 100 1 99 T66: \oocss e eos See 100 |, Ellettsville and Bedford -|.-<: ..|\...... 5-1-0 sees eee 
Mass 67 50 17 L. 09 Wes eesl cede cmcectincegucoomunepios eRe R alee eeeen es Meanctas ee arses 45| Fall River=-o,-sseeees 
Mass 4 2 2 Le RS eee nore etes ar er an cinema RAny oe bo sguaeineaee 4 | N. H.and Fitchburg .. 
Indes 5 2 3 0.17 1 | Amherst, Ohio .......... 4 | Joliet, Il., Wabash .. wee [eceeee| senses eee eee eee ee eceees 
Tex 2. OOM <= wonst on 102 | R.40ifl. cosa) cos sks omens heaeeen Ome nee ba nee Seem = eee see er ea | 102°] Conn .....c2ceameee 
Mass ... 10 6 4 0. BB I] ee Saas | ad over dubace tambo tee cee amen s ceenae wane mae aeidete mea mee 10 | Gloucester........--.- 
Mich ... 12 3 9 0.19 | 9 | Buena Vista and Am- Bile VCO) asec ke ease se| cnn oe [+ -202 ses +o -semnoeeeeenen 
herst, Ohio, and Ionia | 
h county, Mich. 
Ohio... 8 3 5| 0.25 || 5 | Near Portsmouth, Ohio. Sil) Hamilton. Os-..05 Joan \inqwe| vans soe ee eee 
Pas 17 13 4 0. 28 || 6| York and Lancaster 10 | Texas, Maryland, and > 1 | Bluehill, Me., and near 
counties and Hum- Cumberland county, | Richmond, Va. 
| melstown. Pa. 
Conn 136 86 100 1/9471 0112)’ Portland ssceeescaantaeee 9 | Hast Canaan............ 15 | Westerly, R. I., and 
Glastonbury. 
Mass 16 1 15 D264 Sac doheud aks smc we ceer seeen coe oki Reet eh nee TUNIS ae oa aetna 2 Sakae |i so Seal sae bar ne ome eee eee 
Ind..... 234 9 225) 1.59 7 | Portsmouth, Ohio ....... 227 | Indiana? ye. ces Poo. alecowedl Saceee eee 
Nis Viretete 15 ABW oases 0. 60 | 15 Vicinity 22-cecoteecene Rec ae ells ectet aa seee caiscmceae ee oles «| aaesmanie reas ee senpiecaeet 
Wis ... 10 5 Bil 10.86 Matas chcobta.® 20. 2 cae eee tO lar clhy ys coli chews yeaa OES Ponanese ied eer seteae 













































































SOME OF THE PRINCIPAL CITIES OF THE UNITED STATES. 
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STONE PAVEMENTS. 
Stone employed for foun- : Stone commonly used 
ationn: Street. Sidewalk. roe peered 
Extent used. Location of quarries. Extent used. Location of quarries. 
RTOS LODO oe sents oo sae tao TAGHGs ise «cone steas tee IMGOING Comaiearemiennieania TAT POl Yee y ocsh Fan terces Berea, O80. 2 ee eee cos Sandstone 
IMBSTONG <-ceneeaeccs ae 3 argelyacescesageeae New England. ............ PUD pee rele ateeter csc.cr'e dao river oes steerer ee Blue-stone .-. 
Sandstone. cecesc- sess ss See CONS «serene ee eee stone) Allegheny ‘Considerable ......... Allegheny and Fayette |; Sandstone 
counties. 
Lime and mountain stone.|| Little. .............--- (Conble-stone) PVG) sae Little csi adetent asoe oe Lehigh and Wyoming val- || Limestone ......-..-..-- 
leys and North river. 
Sandstone and conglom- || Largely.-.-.......-..-- (Cobble-stone) streams -...}....do ........-....---- Eastern Pennsylvania ...... Sandstone .......-.-..--- 
erate. f 
Dai gSUARa plyeraee 2 Ba ae aaa aces ae aie ap Mie Mapes ark 8 Payers wececees es ln) EEN) hebeeoRemeroscoce Wicinitvaer sce sueaes poem once ( imestorie:.o5 eouee aman 
Granite and gneiss...-.... LO! Miles See eee «ge Sec = Stone mountain and vi- | One-half .............. Stone mountain and vicinity || Granite. ..............-. 
cinity (macadamized). 
PSTMEStONO a. 2c 6... cence Littlets.. soacenseses. Medina) scamsccaaesesees > IEBTOUY 2 teens. ci< 2 asain’ 3 East bank Caynga lake ..... Sandstone -.- 2.2.22. 
SG) oes So eee About three-fourths ..| Baltimore _ county SIGN ee GO sete mcce cen arate: Resdout; N.Y ssc8.e05- one Gneiss . ee ee 
Jones’ falls and vicinity. 
Slate and bowlders........ Lithlemeesesert emacs: I opp e eee CINIAHURTOR Wises nye tec OSS. et male vacuous voc kucals veosoetete Granitesoe.-2.22es22.858 
Penobscot. 
POT EMED IG het arg Se oe te ells ate i ce ee oe nite siaara sfemyaie so cce es eeereee wee eneces ATR FREY ey rap a Pennsylvania se sees aah ell Mae es eae eae 
Granite, slate, and Rox- || 67 miles.....--........ Quincy, Bergen Hill Nadie 3c wee te ek. North river, Rockport, Bol- || Granite and blue-stone - 
bury stone. Rockport, Me. ton, Conn., and Quincy. 

(Chi EE ae eo Sane, alee Bless saree aaa New Haven..---.-..-..--. Considerablo.-.......-- Northriver ts. .a-ses eects Blue.stone and gneiss. - 
bee GaSe Ue eee ase Eee Largely....-....-..+-:| Medina .......-.......-...| Largely........-...--.| Medina .....................|] Sandstone .. 5 Sree 
HGIMESTONG |. )- 32 ess ene NSP Gee face aera ae Wi GEL Vanetore ateteaiess)el~ sie annie oe Lr Ss sebegauocsemes Sagetown, Ill., and Mount |} Limestone, Sagetown, 

Pleasant. | Il, and Mt. Pleasant. 
Slate, diabase, and granite.|| 100 miles...........-.. (ADR hipaa am eaecodg te aclactaal Mere GOnenec an meece vesis ssl LLNOSOR FIVER es sets wes oe Granite and blue flag- 
stone 
GA Ci (is 68h Bea ee Largely: osceeencse a Connecticut: .--2=-- a2. =2-|- 4: Dyess vecsn oa ceais ae Williamsport, Pa .......... Graniteee cas eeeesen 
DANUStONE) oo ccc hale eck Uonsiderable.......--- NATUR Che petit cdapatnnee Considerable. ......... Berea, Ohids.o- sacecetec soo oe], SANUSLOMO Ia seats a eee 
LMS REE. casigoac @asbigd | ha RIOR ORS bs SARE ee Seer on Mee Banas te eepccatee orem LUUG. wae welencces noms cone City 2-2. ce seen pen tees Limestone, Stone City 
and Farley. 
aia a cpamicciaie ss ste «sells ee ae eae ee mene rate toe ee cemien eta! LIT SOLY's wane nite a= eIINOW LOUK scieccienssamees «o| LOLOL treatm atane oem 
PAMEBLONG on 5 coe -se- <5 - Lareely, macadamized.| Vicinity ................-- EAC pean seeesee- a5 MaCini iy eas ae ae ae eae Limestone aaeeee +52 ae 
TARO tess pens st cesees tT MItHLOL che aecen' su on ne anor nman(, QiuEM Cea | Pee rematan evince avsterse qiuecdnot seas 52 cvs sseiseece ose ||| Graniteycc Recast acres 
REROISK ema ee eee wea ee acs Fe EG (ese ee ABR Sae, (Cobble-stone) Delaware | Little..........-...--. IN OLCHITIV OL! S. soeee oan cess li Gneisu ic n. kee eas 
river. 
TAUNESUONG 2hc2 2 sc cs ees 2 miles paved, 25 miles | Waterloo, Wis., Lockport, | 36 miles............-.- Lemont, Cook county....-.- Limestone, Lemont..... 
macadamized. OMe and other parts 
2 of New York. . 
STI BUON OM ics ine eco ss +2 PAlttlore. ot aticeece seer SLO UID Vane eee aieeimiete ae tele aha lals sistas meee St = sio|| vie sin ciel hosassmine wee a9 ee/alds Sandstone <cc-neseseuas ° 
Limestone ........5.---.- Piargelyjocesietlecis = 20: (Cobble) vicinity.......-.. Wane el ys cece cele ocs Vicizity of Portsmouth....- | Limestone ......-...-..- 
| 
BAMOSLONG So ee masa'aeie = < rst 0 SAO aes eoea Sees IMG dina eee ioeine sie iota am 2 | ae Oi nieeescrece't « o< Euclid and Newburgh...... || Sandstone ..-..--....--- 
Corniferous limestone. - ... Considerable........-. We ny Jokoe: Brace dasew el tees Ofertas dececincicias eam bus, Berea, and Way- | Corniferous limestone... 
erly. 
GANIC. oo setn 2 tcp ck > a Ditters asswesccae Concord coisssc-e esa secin se MUL UG Gimterere alee alae isco | se Se elo cre tee ain thas eters wim Grantitocic sss csecewdewste 
MANGSLONG «5-6 .sc065-o~ st ae gelyewenn emcees <2 (Bowlders) Potomac river.|....do .......-.-..-.+-- Southampton, Pa ..-..-.-.-.|| Sandstone ---....-.....- 
PWAMESLONG -< -- 210s «1 = = = 5 Largely macadamized.| Davenport....-..--.------ Ths Age asoon Stone City and Joliet ....-.. Limestone and_ sand- | 
stone, Stone City and 
Joliet, Til 
RdOPwee ses ach nsec cassie Largely s.sacercnctos =. DAVUON em etude stele oe arvely: <ccs. cb. -a2 ac Dayton scestso-ccseeesaversal) Limeston6/: cess asses ass 
“Rhyolite ANG SANARTONG see) | sowets eens ope cines aceans|ovsc~ snecse Sascaoseoseamuns Dittlejee scene face se fee Fort Collins. ccsdsdesescine-|(eeewere: se eme ae ee eae 
Ree Lane se re ene eae eee seer sane chem rete Naat so ciqsecscnweics taedeceo s/s mreUOps sagen ssaniccie os INorthiniver®.- sce. .<2+ encase | Blue-stone and gneiss. --| 
PAMESLONG ais = 2 osc 00 bee ccc | Little macadamized River gravel.....-.-..--..|- ot OY SAS CRANE AAS J OMG, Wi aacecmmaccee= 5 aatae | Limestone, Joliet, Ml, 
| | | Earlham and Pella. 
| | 
| PE SCONG 5.0055 500 ca viva s fiat Bik ACS ee Ss a he IM edingite 2 saciee onteme ete Darel ycceie rsa etac Cleveland and Euclid, Ohio, || Limestone, Medina ..... 
| | and Medina, Mich. _ 
moat hes IS See ee 5 % paved, balance | Dubuque ....-.........--. Mibtlas: ane cee: =~ scaeee Stone City and Farley, and || Limestone, Dubuque, 
macadamized. Joliet, Il. Stone City,and Farley. 
PEON eeisr tie ss onan ae ode Lathes) Soneereeemaee (Cobble-stone) Delaware |.--.do ........----..--- Meshoppen -- ose. s2ssscnce Tim estoneices.cs- eee sites 
river. 
BrOWNStONG: cv ecc--n-os- Dargvely ecu ccaceassie one Fleas and New | Largely..-.-...-......- PNOTUDSTE VOT fe = ere Sa onl iaat~sia | Blue-stone ...------.---- 
2ngland. 
BaMStONne wees a ccocs feces Two Ol0GKS'.5 220.286: IMGGing ts See ser cen sce sca WeiGtlect oe vae onesies sae TramanspUre 2. sc. <i 0 cincia'51- st OU Sta Shed eateeees a 
MANASONG <6 oe. cals cee os Largely s2sesicesees oa MGGING etic anec ia 2 RiGee... scence conese Huclid) Ohiotaenseateseeeee || Sandstone ...........---| 
EAMOSTONG << ao. sn. <5 sa HOLT n Foe nen a aeynetsg Vanderburgh county -.... Wargoly ccc c<ccccssee Bedford and North Vernon .||... do .......-.-.---+---- 
Granite sso csecw ss Nace NO moaceecemenens RTOGtOWD. otek oases saa. ithe Soo. hoes eae a NOrth PiVer Ne Mises sacra scl), GPO bGidte sae seen mm 
Bret Ol ets seein at ta desis aoe eas Oe cosa acae see a SECT a VL Eh ere ates 2 snl cto cna osha mole siete) sina wre fatwa Ve ePe al 9m o1o Sieinainin ele ain = Ste AO oo ewanancmelameaed 
TEMIGHLONC nas sae oe ee erate een EE A Bereta Benes Vie HiguSd) RLY cee et a DAtUGae Biase casts soaec Berea, Ohio, and Joliet, I]... Limestone ......--.----- 
Sandstone, limestone, and || Little Cobble, ship ballast. ....-- Tattle . oes cccenicets sere Connecticut, England, and |) Limestone, sandstone, 
Y' Germany. and granite. 
Syenite Giloucesten ere senha te esse cnn cre cuetecee tee eaaeleeaacee ese. ocoe Seer bos: cee liSyenite si: s) 2 eaewi 2 
pee cers And” OMe VM oad O won eae ae ee eth ee ctere me kee cote ak ce es atclnas IGUIO haan nasenenis cts Lemont and Joliet, il., and || Limestone, Joliet, Il. . 
Cayuga county, N. ¥. 
Limestone (Cobble) Vicinity +... s-04:|) S100 Mocemces same ctcri- UT amt GOS Socbierca wee neaen Limestone :..-.-<...- pee 
ee (Cobble) Susquehanna Bas sOtO Saccete esecdonk Hoboken) Nid <2 con cctncnnn | Brownstone and granite 
river. , 
Bandstones os. -c.decse ae: Wargely scccceclasaep' cic Southwest of Hartford... | Largely.........-.--.. North river and Bolton ...-. Gneiss and blue-stone .. 
GRANT aren onco5 setae acne Atha ane see itee octet WAP CAND tee’ tele eee nee tar een caesar nese Hee aes visieteMieloss'=t «erm sieiaid Granites cece eee 
AL EEAMOS GONG Ins - co33,5 562 oes OPO ara cen cewek (Bowider 8) Vicinity ....... RAT SOLY asiace tem akntas Decatur county......--..--- TAMORLONG_25-s a ae ea 
PUAT CLS LOn Ge ee ee ce ae et | oe eee rae eee cei acs Saad eoe cower satan af ¥ Bee dOtss statin ancba tes Wieinity <2. .--<0-s2.0---<--2 Blue-stone..--: 2s. ckee<e 
MAMEHUONG Aopen es esse ee ee ll Sp INNES aaa cee aac ee Boron dees eseneaccna tance APCS secs ceee nae lete GNA hnag Peonbesccctorce Limestone! cc ssacsencose 
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NUMBER OF BUILDINGS OF THE DIFFERENT CLASSES OF STONE, WITH LOCATION OF QUARRIES. 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


TABLE V.-SHOWING THE EXTENT OF STONE CONSTRUCTION IN 





NUMBER OF STONE BUILDINGS. 



















































































































: ‘ . Granite or crystalline silice- 
City. State. With vey Sandstone chiefly. Marble or limestone chiefly. ous Docks 
l Entirely| stone | of aij 
Total. | of stone.| fronts GE 
only. | ings. || No. | Location of quarry. No. | Location of quarry. No. | Location of quarry. 
) 8 0. 27 9 | Connecticut valley and! |. 220. lo. ce neces ee aeenice sade mislitecen|sa0sace = se =e ae 
peeked eas to es ry vicinity of Johnstown. sitiwihae 
Toliete eee Tk 500 300 200 | 10.00 ||..-22-]- 2-2... 22s se -rmmens ete icimity --- ~~~. 2+ ---- 202 |oee eee |e ee eee ee erent eee eee 
: 15 80 1.00 70 | Warrensburg, Carroll 26 |. Junction City, Kang): . -\iccces|.ccsaaecsccn seen eee 
Kansas City ------ Moa pe % county, and Barnard, : 
Kans. 
es a a eae Towa: 18 12 6 0.75 3 | Sonora, Il....-..-..---. 9 Wicinity 22 -2.--n0ece-emn ace on|ens sare. hs eee ae 
Rinpaton MAINT LG NTAY wee 54 50 4 1.47 1) Vicinity -.-2.2- a-eese= CU eee OMaESBE Re eer cso ce Pe eeo) Perera eerreserscise ss. 6 
La Crosse.-.-----. Lf ae Ae a re femme mee bonne care renee) Nc Allg ety or 
Peon ee is 7 mae gay ce ee 15 6 0.41 2 | Lancaster county-..---- 16 A formes nee Montgom- 
Lawrence........- Mass 5 OMe ae 0.10 [fone e nn] ccc nn cece cece nn ce cess sa elece cnn | enna ce wennnn wnecsesceansss 
Leavenworth ..... Kans 3 Ca eee 05007} <5 c=) ecmoecce Meneses e ase nm oa 8 | Leavenworth ..-....-.... 
Lockport one are 238 oe 1 o 2H ( pe 150 | Vicinity -...----.---.-- < Lomas perigadeiaeieebitaeie Wainer Wet 
eel A LEE Ky ieee 200 25 375 | 1.92]|| 40| Portsmouth, Ohio....... 360 cet: Ky., and |......|.-.-<.-20=n0aese sean 
Lowéllisiccecageen Mass 46 43 3] 0.51 34 | Lowell-< 2-0. -2--eeecnees 2¢} Rutland, We os aeecasy 11 Concan a H., and 
Deyn ese- vase es Mass - 28 5 23 O41 no -- as) <macsceveectacastue sae mwe| oars ol ciate Seeeiera ae cate pec ees 5 | Cape Ann and Peabody 
Madison colcseccns Wis ..- 76 48 28 4. 00 73 | 3 miles west of city and 8.) Bridgeport and Weest- |: .-<.|... 2.2 cenesseeeaeeeeeee 
Indiana. port, Ind. 
Menotenter Bacace eg ae 5 : : e catacteteeh rade hc sear ei ee ae aa aes oe an 
Manstields22e.--.- 1One eB 58 Veco cate cnicralereeiasa wie 6 eis ate ex's ol feet miotre |e soecereta este ot ratte eect one eee ats 
Memphis eee Tenn 10 2 8 0. 0 |) 2 | Ohio and Alabama.....-. 7 | Alabama and Kentucky. 
Middletown ..-..-- Conn 21 14 7 1. 05 20.) Portland .2-cacvcayeweor|ecenands aaee er cee wae ermine ae 
Minneapolis .....-. Minn ... 242 224 18 3.18 1 | Fond'du Lac..-..22-.-.. 241 errr and) Lee"). 2224s). cu. cee eee 
mont, Il. 
Mobileste-as,.225t- ‘Aly eeeee i dalvokoreee 0.02 [ease cc) cnc ecs cpecmacesncwncmes pac/sclminicie| aie ess «tek ele teats mes cial weit 0M sli CS Shids at en 
INaSHU Ges cee cea Ne Bee 3 Bileasecees (ey oe | Ea eras Soe canolt ceed tease] Hstio. is wveccraeccccessesees| 8)! NASNUB Scpsedanecemaed 
Nashville......... Tenn .. 97 a 90 1, 24 Ce Ree eee Neticna ec eem arene oe 98 | Bowling Green, Ky 6-|5 60022). <.beenseeeeeeeeeeeee = 
New Albany.....- tnd #2. 15 3 12 0. 45 2) New Albany........--.-. 13 | Salem: : 2.2.2. cc etaccene|s cus oa] toraccee =a seo ee eee 
Newark ca scceee Nid es 216 76 140 1.05 |} 210 | Newark and Ohio....... 6 fn ntnadodascadcoacecesne Rel ssiegac lot cuneate een etn 
New Bedford .....| Mass 25 22 3 859 fel Hee ec) Pees Ape ean cp eesti tse isel beats Has he es See aee| 22 cst pF Quincy, and 
vicinity. 
New Brunswick ..| N.J .-- 11 6 Oh ee ee 0. 31 9 | Newark and Connecticut).....-)..- paces ce eeceesecereesers 1-| New Worky cose see 
Newburgh.:....-. Na 13 10 3 0. 36 Le\ Kingston) <2 ocneccencen bs 12 eoty and) Ulster |. 2 <}s0 55, cae eee eee 
county. 
Newburyport. .... Mass 2 wowace oe 0.10 || L Springfield Sc. cota telecaras\ cues ae ccn eee ee ateeeaneme 2) Cape Ann 2c..-e-eser 
New Haven......- Conn 69 27 42 0. 63 59 | Portland, East Haven, LNs soecte ets Sane cata sreimte ames ite 9 | Long island, East and 
and Ohio. West Rocks. 
New London...... Conn 18 14 4 1. 05 2} Portiand 2 nsscsssack <a. Dy [ese uiieieS aan aise ante ee a 15 babes London and Gro- 
| on. 
ING WPOLbs-ecesenc) kee Lic rele 40 30 10 1. 33 TONES eet dese sede Gos6 Jasoccel bases serSree so saas sce 25 | Newport......-. eae 
Newton. :=-.02-~ =. Mass .. 7 iM slsateredt ete 0. 22 6S i Ohiobnd Massaohusetts.|<soccclecuchea=seay escr cece sees a 2 | Westford -o.ccece-ceep 
Norristown ..-.--.- Pactes-- 35 30 5 1. 34 28 | Pottstown and vicinity 7 | Montgomery county --- 7. leek neccnure glean ae 
of Norristown. 
North Adams...-. Mass 6 S| ee ey 0. 30 2 Velen sceeisine Ge ost sant chee eee 3 | Adams... .....02<5c00c0ns)/ecctee| succes ences tee aan 
Northampton..... Mass 4 2 2 0. 21 2 | Longmeadow, Maga, [os ec-c)oss0.nedclea went = scncesecs|aeuuastachesas eee eae nn 
: and Portland, Conn. 
Norwich]. s-cess Conn 14 6 8 0. 42 10"| Portland anidOnbio .e2+.|s.2> cslonn se eae eekeeateneeeee ae 4 | Massachusetts and 
vicinity. 
Ogdensburg ...... Neer 260 250 10} 13.00 2. \\ORIO sas. Aebeesteeereres 268") Vicinity iccet cccemescematinmee cmlameneee ee Jaeaven Cee 
iy 
Oranges: conse Neoware 25 QD Wiens eae 0. 50 22") Orange 8 rat. acer aca -on|hcanes|e cise ces sc ac eee eet eRe ee aaee 3.) Orange’. ...-seseneeeee 
Oshkosh .......... Wisc By | Psoncnae: 5 0.14 1\|; Marquette: — 22. ecm aes 4| Vicinity. 2... cot ce.<caelemnera| secs: ese == 
Oswego........-.- Nears 55 51 4 1, 28 46 | Oswego and vicinity .... 2 | Onondaga county -....-.. 2) Vicinity .-¢2t-.seeaee 
Paterson.......--- UNG rote 50 OO Na. See 0. 68 50 | Little Falls and Paterson|......|.......-----eeecs------ peelecicies| scecce cs cealne eee 
Pawtucket -...... Rocaeses 6 5 1 0. 33 1: Nova. Scotia 2o...<sisccsldescreleeae ee stent kee saat esats 5 1, Vicinity 22.2 -e2o-eeeee 
Petersburg ....... NVi@isoesce 3 1 2 0. 05 2. | Connecticut if20 sto ose lsce ee alae dewion Loomer ee cee eee 1 | Dinwiddie county ---. 
Philadelphia... SA LT Sees 10, 518 6,000 | 4,518 6. 25 |'3,518 | Connecticut, Trenton, |2,500 | Montgomery county, |3,500 | Quincy, cape Ann, 
‘ N.J., Ohio, and Hum- Massachusetts, an Mass., Fox island, 
melstown. Vermont. Me., New Hamp- 
shire, Rhode Islan 
Virginia, and Phila- 
delphia, and gy 
. ware county, Pa. 
Pittsburgh ....... Pace cas 90 30 60 | 0.34 81 | Pennsylvania, Massil- Da ALOMONG ELL cesta neni als ac dc |nme occa e! Jenan ey 
lon, Ohio, Baden, 
BOE oO and Free- 
: port. 
Pittsfield ......... ‘Maas ‘sof locsece Sastre: or see oe O25 fae sce Ast ele ae 1 eee 3 |New York state and 2 | Longmeadow and 
Por Shefifield. Qilsey 
| Portland.......... Moto =4 30 10 20 1.00 10! |.Nova Scotia seceseasenee WUE AUG) eases Ch ete Seale ee ee 19 | Hallowell, Biddeford, 
| | vicinity of Ports- 
Portsmouth ...... N.H..- 4 Ae ee are ova We ER le eee aman Mar OOP AS 4 Raia. Jeera 





STATISTICS OF BUILDING STONES. 


SOME OF THE PRINCIPAL CITIES OF THE UNITED STATES—Continued. 
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STONE PAVEMENTS. 
Stone employed for foun- : y ' Stone commonly used 
ations. Street. Sidewalk. for curb. 
Extent used. Location of quarries. Extent used. Location of quarries. 
SAMOSLONG! < SoveucecanssGl~i5 Marre) Vocaecestsencies (COU Dib- SIN NON SIUOAMIN manta aeae cesta oe nacceliece de cdk aotee aoe auninuman ae Sandstone s2eensse ee aces 56 
Rinmiestonei.s-2ce++ 22-8 +||=--- nogedeswonasdssrnest| de sune oie ese aotheaas Wate] yer secs te) 2 | Vicinityiem esc ceee tee sent Limestone in vicinity ...| 57 
EUG eb cisecuscmicre~ ==> Principal streets, also | Medina, N.Y ...-..--...- IIE Gi eke seagce es | Winfield, Fort Scott, Flor- || Limestone, Kansas City.| 58 
macadamized. < ence, Kans., and Joliet, I. |! 
| 
222 GO 2-2 - ee eeeee eee eeee ellen. epee es Seren Peer Hes GhU Bre bo SAB AS eacee jaVaeinity wen, ceeeeceee es ses Limestone in vicinity ...| 59 
Wa Geng ae esas cen ne Little. .....- 2-5-2 0..|- ae i--2 e- een n ne CLOSE Ge eee eee | Kingston, Ulster, and Hurley|) Blue-stone ....-..--.---. 60 
MAIMIGS LODO sess -/s2-26-<- == ZT OS senna hetee eee ae Hast of city...-.-...---.-. Jka bias soerSSocobdad As Hast of citysetescrasescece ce Limestone .....-.......- 61 
PES on cis c'csvaeces Mitile vee oki enee amo (Bowlders) vicinity ...--..|. SO hate wna tevaacesae Greensborites onasese ee EEG eee em ee ed 62 
CO eE css bnsia'dcicle > vase Ware OL yiee assem! taets ViGINIGY pee sn nme emis em slnje ae Mansel Vecenenescee as a: Wyoming county .....--.... Doleritect sass. ses ase 63 
fEPUMee tedcecelsc sino cen 52 bit COtecenatarecc ee as Cape Ann and Westford ..| Little......-.....-.-.. CaperAnnneccr.seaca. soot Granites cotciece see c ee 64 
TGIMGSTONGIS. oo. 2-0 oe a= si] JNO) Rance Shosencarce INOMILG Vere n meen eer aa Dery sqaent Ceca su aeer Fort! Scott (near)=! se. -ceceseliieeces soe dsce ee see sceee 65 
PEA TGAUONO aiaram ols ae <7 s01 aa = Little .-.....- Suewnislnns Medina ....- vo vesscetcnees BU tbh Omens) sais cses a's oie Wicinitiy. se: wncs oo cee Sandston6).22s-ceocss ce. 66 
50 UY) 2 oC oe eet 222-0 - 2220-2 2eees- ee: (Bowlders) vicinity .----.-| Largely...-..-.--..... Southern Indiana.........-. Himestoneiee sense esata 67 
PROG Mee a acw aia en's tcvassos er eelyeeecs soc abe = 6 IUOUIS AMO feeea ae se eit aaa TU Gecen sas ess <inseas Bowling Greens. 20.5 5 ea Nae MO ese scce ose s sane ats 68 
GIANT... tocens co ceceseae Westford, Mass., and Con- |....do -.....-......-.--- ‘Wreshlordie conse see eee 69 
cord, N. H. 
MAO Lee toasts aekcesues. CANOLA beta se ereeetr ee eel cscick mace cs wie aesicoances|(socee a sccuels ealsaclacacae evap ; 70 
Sandstone’ .-.-...--.-..... WiCiiibyoeuessseeeescece = WUbLO ae seeisisice <opce si Joliet, Ill., and Ohio......-. 71 
etc” Senne eg ean) See eho ne fia aire (se Baral eiaieeis 6 clewaines (acc sc nin tocwmcciier sadieossiceaspic 72 
Sandstone . PTV AGED. UUM ie eate era o sn etoile a PaP OOo sessceneatace Warren? tose os eee eee 73 
ee ence ccn cease essa - UINOIA MUICENLUCK Vy Aldo Daltile Liscens sas-0cses--| AIADAMS .2...05 62. 25ccccn. 74 
bama, and Tennessee. 
SANGStONG) o.oo ccc cnnl| wn <a wee cnn hs camscs cence -|on~- sciences snnmcseceneseen= aT EOL eiee sree aan ae , Haddam and Maromas.....-. 75 
MAUNESLONG). << f'2~ ares 2.ce Cobble, from drift ......-- WitulOeeseadaccesses ce Joliet, Ill., and vicinity of || Limestone, Minneapolis.| 76 
d Minneapolis. 
teased ns fo we'cc vain oe se’ Business portion part. |) ballast, foreign VEssele\o..| sacs co.cc ocean nce sscec|ee ce cceccceccessamscnastacns-|| LAMOSLONG -- ccc cessessen| Ae 
ly paved and mac- 
adamized. 
ASP ETNUO Setar: Cano or em ata ayes ap, WMO sas ese eee eeu WaShOB etc cre shoves seus cas ikGU LG REE ee ete eee os lec ete nieie ee cae ee nett Granites 2 pee aeeecenee 78 
IMORPODO seer. 6c ewe h cise Largely macadamized. wie Se IRE SOO EeR OEE ees OG a ser sce ren ak VAGINIGY: eo oeca- pees acer es Limestone’: .2ccsess-eae- 79 
Limestone ........- maeioane WLarpelyances ciate tess: Now Albany 2t.ss8occnes 1 OVA cy Se eee New bany and North || Limestone............-- 80 
Vernon. } 
Sandstone ......---2-..--- “Sati soe Maer cererdate test Paby and New | Largely..........--.-- Ulster county..-....-....--- Blue-stone ......-.------ 81 
ngland. 
CAE a Pudge oes a ste eee) Ll WaGithy etenoene reese Bama te ete ee North river, N.Y ....-..--- Granite; sick. siweseates 82 
Sandstone .............-..]|. ecO Ui Geass 5pre_Ssoooes West Connecticut ..-..--.|.... ie eerie Set Olen cena dsc er asttoae ml Blue-stone...........-.- 83 
PAM OSLONG|t cc csc asn eens es - PAE cesar Oa SOrISt Cobble-stone, vicinity ..-.|.-.. Ova sececsenccen. Ulster county..-....-.....-. Salt) CO): soe ameineeacies acer 84 
I PaMLO see cesexeniss sacar Dittlesssisccosses stee/s WGRIERS oe had, sBegcobenne dl ESS athe DeonGOC SOO CE Sees (eee ae Se aarti ere Granit@2.sas-seeeeeae 85 
Trap and sandstone. ...-.-. 1 ETS a otc Go Stipa East and West Rocks..... ittlioeteseenc esses tse North river and Bolton ....|| Blue-stone and granite..| 86 
Bastard granite........... Tattle seeneseeacsoes = Groton gee seneeteeeereresaa Principal streets...--- NOLEDESL VEL sce atase ates ast Granite. --.-. <2 .cense0s 87 
GranitGsceestecccs Stscse Se Is AO tesche bomae sae ce Block island ands Nove: | Kittiouscsesn-..+-cese6 Hudson rlverjovess= access ce |= Met OO ee eectieeree ers cae 88 
cotia. 
Wianoneteern me sine oe — oite cote we aac oe oe topes alee Socecic cle twesae vera eeinsi-'e Beate OO est satanic caine orej= a0 PWiestlOrd races ceeanee cee. eae OO see noreeececees 89 
Baxiarone a. tseenseamese Tater cccoe are etesses Qmine vies cs teek ec. cee Considerable.....---- North river.---s4 eee s=- eer Granite, gneiss ......... 90 
Limestone ..-.-.. soeesae eee Chieily on Hagle'streot| oon csece<- ses esccnseqaecie Oneblockas cseceass waslec access sessatduscs casacotielst Blue-stone, limestone, | 91 
and quartzite. 
Sandstone ....----.....--. Littloceersan cae seein e eccmee ace maeen ciate cie sca ithokieen tas <-sesces: Smith's Nerry)--- «)esseasee Granito==-oeeewes ss eee: 92 
ESICOSO Ue occ sie -'sn000 5 m'0 ne OO) cowsete gatccaasctlaspmaen ci <sccmaceonececcs ss iy Sl yenc ae cteines enc North! Tiver) feseac<ss56 sees Bine-stonesess.ss-6 ones 93 
LODO ROTC) scat aise see) | Eee aa oS eA soe Potsdam and Hammond ..} Little.......-..---.---. Potsdameesesacss ease caer | Potsdam and limestone .| 94 
Sandstone ................ Rattloveecene- + =a eee WWicinibyre asus veces aac. Marvolyeden sc cet sesso Ulster county..-.....-.----- Blue-stone ...--..--..--- 95 
PRUE N EO Gee see ie oe] Sata ere wisi <alnicialaiete wv aictel lal enema vaniacel= cS ciiannioc ames <e Less than 3 mile ...... Fond. du Lac, Joliet, Ill ...--||...-.--..-.---:.. pooee es 96 
Bandstone) 5.0). 2....22.0.).- ittlowsceseceserecseeee Vicinityecs snc omeccaee es Minh Om ease tases Cayuga -----. eof cbladiss oes Sandstone and limestone} 97 
See O OR cas onan mmesssccuins} Parcel ye cecatcsn ose SO Mr tee ts ee aine bal re.0 DRINiesh a. es sea ssc ee North river and Sullivan |) Blue-stone......--...--. 98 
, county. 
Blue and red slate ........ Bittlons.cs<sjccssoes Diamond Hilly -cecseseeess LAH A Se Se is a HudsOnst Vermecweeeese sa Granite and blue-stone..| 99 
Granite ....... ekboneteeeee ee Guess cetemn ce saene (Copble) vicinity .--...--.|- Sa Sassen nocenceee Petershury avscenecees cent Granite seeasesenssese 100 
Limestone and gneiss. .... Dargelycws seas seeeena (Cobble) Delaware river, | Main streets in old | North river and Wyoming || Granite....-.-......---- 101 
(rubble) local, Richmond portion of city. valley. 
and eastern granite. 
Sandstone .-...... aaeticned Bae OO aienidasisie tis a's s\0')= (Cobble) Allegheny river.| Considerable.....-.--- Allegheny and Fayette || Sandstone ..........---- 102 
counties. 
EE Te ence een ene maT inet atieeae ceed st ectecac lee etme escie tora te cwaltenasae One-half of business | Catskill..............--..---|| Blue flagging -........-.| 1038 
streets 
Ledge stone .............. Largely.........+- .---| Yarmouth, Hallowell, Fox | Little..........--..--- Hudson river ..........----- Granite ccc cee eee oes 104 
island, and east Maine. 
Granite....... Sane i oea 56 Little ....5.. Poseesice. «(tiOG-SNOTO.2.cecesencae Seaenlee ese ecndoassew Cad ceaseriseaesitas See ea ce sens eacemeen = Sycat ia aatee sacuewecenas| LOO 
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in the table. 





' Rochester 





City. 


Portsmouth 


Pottsville.....-...| B 


Poughkeepsie - --. 


Providence 


Quincy 


Quincy 


TRAIDINO Wee cla uss noe 


Reading 
Richmond 
Richmond 


Rockford 
Rock Island 
ROMO s.2cs sche ee oe 


Salem 


Sandusky.2--c.sn. 


San Francisco ..-.. 


Saratoga Springs - 
Savannah........-. 
Schenectady 
Scranton.......... 


Springfield ....... 
Springfield 
Springfield 
Steubenville 
Tannton acts. cosce 


Toléd@zsestseasece 


Troy 


i Uihloa tee coor cee 


Waterbury 


Watertown ....... 
Wheeling.......-.. 
Wilkesbarre...... 


York 


1. Serpentine has been used for building stone to a limited extent in a few of the above cities, 
It may be mentioned that in the ci 
of this material, while in Philadelphia the numbe 
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TABLE V.-SHOWING THE EXTENT OF STONE CONSTRUCTION IN 














NUMBER OF STONE BUILDINGS. 


NUMBER OF BUILDINGS OF THE DIFFERENT CLASSES OF STONE, WITH LOCATION OF QUARRIES. 


































State. With Fer Sandstone chiefly. Marble or limestone chiefly. | G7amite oF ory silice- 
Total Entirely} stone er ar | 
ota". | of stone.) fronts Ge f 
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| 
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INGaY ee 24 5 19 0. 96 16 | Ohio and Portland ...... 3 | Westchester county -.-.-- 5 | Vicinity -...-... Sens 
RALseee. 100 65 35 | 0.64 || 85 | Connecticut, Nova Sco- 2| Tuckahoe, N. Y.-....... 59 | Smithfield, Quincy, 
| tia, and New Jersey. Westerly, Crans- 
ton, and Providence. 
eee 100 20 80 2. 00 28 | Cleveland and Berea,'| 72 | Vicinity <.. 2500-00 oo cose] case - oo nee 
Ohio, Warrensburg, 
Mo. 
Mass .. 7 il ates OAD We we nictellite <leietcls <tetm siat= Pepe Peer eee eee ere eee 7°| Quincy 552-2. 2se-eee 
Wis .- 4 3 1 0.08 1 | Lake Superior ..-.-...-- B |e cecwn sans ence ccan cee chens|senuns| smn emcee nema sss ps seme 
fpayes seer 40 20 20 0. 44 20 | Vicinity 1 =<. naccos .ccenclvannmclieeemecic wales sea sib ieie's aclacia] Sales elie an 
Ind. oe: DO lsucestrae 20 0. 50 20.1 Berea, OHLONE a cicers coretct lips ste ate erate einem ete a eran ee xe a ose eee one uve sseegieeesenmen 
Va ee 5 4 1 0:05 {| seal aee eee advonseahcsdesellwe da aulgese ce aaeuk et eee ikke coer 5 | Vicinity snd Massa- 
chusetts. 
N. ae 197 146 51 
iat aos Se 100 100 10 
ends 3 B eee sels 
INS Ye 9 5 4 
WRcoeac Gece =e 15 
Mo eae. 1, 525 105 | 1,420 3.22 || 903 | WarrensburgandSainte| 610 | Saint Louis, Grafton, 12 | Missouri:..... oe =e eee 
| Genevieve, Mo., and Joliet, and Chicago, 
Carroll county. Tl. 
Minn ... 344 324 20 4.91 8.| Kasota.i 2 35.2 aces 836 | Saint Paul and Fronte- |..-...|-....::s.ceasstesesanene 
nac. 
Mass 7 5 | 2 0.18 1 | Springfield: 2222-2 5. lesen enh te tee seen oes oe pene eee 4 | Cape Annand Peabody 
Utah .. 40 30 10 0. 62 87 | Red Buttes, “Albany |. ..<.|sosece soccer teaceen cer aee D |<) acne ceca ee ena ee 
county, Wyoming Ter- 
ritory. 
Ohio... 200 180 20 6, 25 203) Amborst 2 ac sane aeeiae = 180 | City quarries ...........|..... o| se 6 ae alee 
Calter: 29 4 25 0. 08 4/1 New Castlo island, B.C.) sdasc|asceceas crmorcten ae aee een 24| China and Placer 
and Angel island. county. 
Nase 8 chil Eee ace ee U Beees SSS APS rhe da saan aceeeshinc 8 | Vicinity <....<0s<.505.c0-lsccsue| scene eae een 
Gave.cas 2 Bile caresisiee 0.04 |). canola nccls sc ceemeswecuse ssc nl Guapel terme sues mene aa aeeae state 2 | Massachusetts........ 
UN ever 4 3 1 0.16 4] Vicinity 2.2... ccc. cca ccclssncce| Serene cance vsaaleGlecascds|aama'atl cece eee ani 
Pare. 14 4 10 0.17 12 | Catskill mountains and 2 | Syracuse, N.Y G.22-00-t|-s002-l|-saeeeee Brora: algunas 
Luzerne county. 
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Mass 12 8 4 0.19 6 | Longmeadow. 2.52222 552 lcae otlello net oes mepe ee eee oe anes 6 | Monson-<2 5. -2-caneees 
Qhio .. . 25 5 20 0. 63 1 | Near Portsmouth. .....- 24 | Springfield and Dayton -|......|.....---... ox wears en 
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Mass 10 8 2 0. 33 5 | Vioinity}.: seo oe seo aal oweeinn seer eee eee 8 | Acushnet.) cc.eceee 
Ind <2 2 LOOT etre saves 100 1,92 Seed vali acna ang serene ere ameeens 100.| Ellettsville and Bedford.-|......|-...-. -ssscs eee sanneeeee 
Ohio 12 4 8 0. 12 10 | Amherst and Berea. ..-. 2 
Kans 750 700 50 | 12.50 12 | Warrensburg, Mo....... 738 
and Topeka. 
INSo ee 95 71 24 1. 46 95 | Greensburg and Ohio ....|-- f.<.).0 cc cececcaackee wae sannmelaqnaos|es ones tessa aan 
Ney 738 8 730 9:71 || 716) Portlandjand \Connech="|7.2.-.]-2 2,222. es eer) eee ena 7 | Niskayuna .....-...-- 
cut. 
Ne eae 27 10 17 0.30) }|seices|>- cade cmsemeteeenetne secs 6 | Utica and Trenton. ..2.<|....20|2--<.0000s+ ee eee eee 
Conn ... 5 4 1 0.17 14) Portland ere. ss csereeastseerecls cates eta deeoreces cee sy 4| Plymouth _ granite, 
county and vicinity. 
Ne YA 24 22 2 0:98) Ilo u ena] aceceae ce senate cemerone 24 | City we c.e once ckeccestees|ssewer|scbec- ees s-tee nn 
W.Va. 16 4 12 0. 31 16 |: Vicinity sic. 25.sjeseces| ec senn| onnientc nem seas buemes eed eel ea ceet | tne kee ate on 
Lee bone 16 6 10 0, 34 12 | Luzerene county and 4 | Syracuse, N.Y 20.25. 502) o-ce0\ ssenwa see = eeu meen 
Meshoppen. 
Theo 12 10 2) 0.82 12\|. Hummelstown ‘and | vi- |.::..c|-sneacens cass sees tessecdee| net se )ececs ee ee ee ee 
cinity. 
Deli 2 22 10 12 0. 26 9 | Connecticut, Ohio, and 5 | Cockeysville and Texas, 6 | Brandywine creek --. 
; New Jersey. Ma. . 
Minn .-. 10 10) eects eae 0; BO ie soa. St asics sec me eee mem erate 10°} Wittona..o. sen. .sc skims -(toceos|senscen~a <meta 
RE se. 20M Cees oan 2 1. 33 Di adie seta ceeds celta aes be elite mere Woonsocket 52. oo ote. non s| see dece oe see 
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N.Y --- 6 2 4 0.19 4 | Ohio and Portland ......|.... Lal renee cameo ake ese sts 2) Vicinity 2-2.) 2=eaeeeee 
PA 22 een 8 3 5 0. 29 6 | York county and Con- Bi) Workiparecceasscce uses 1 | Richmond, Va .-...... 
y necticut valley. 
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2. For cities of New York and Washington, see detailed tables in the text. 




























! 1 few but its importance is not sufficient to warrant giving ita place 
ties of Baltimore, Md., Wilmington, Del., Camden, N. J., Pottsville and Laneaster, Pa., there are a few buildings 
r is estimated at 1,000. 
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SOME OF THE FRINCIPAL CITIES OF THE UNITED STATES—Continued. 







































































STONE PAVEMENTS. 
Stone employed for foun- - _ 
fot Street. Sidewalk. Stone uenny used 
Extent used. Location of quarries. Extent used. Location of quarries. 
Sandstone ......---------- TRG Coates ee tase eee ee oe sce = =/* sans ctl oa oe meee oor Wioinityissess eee ee Freestone............... 106 
CLG 1G) a Ss pean) | ie Geene Sec cnencreerceec Gr bcm ste ase “Esetoccoceer are Considerable........-.].... ihe a pe gees, ATOM || Conglomerate.......-... 107 
i g 
Limestone'---:..--.--2---. Little = <2 << 22-22. }-=s peice aa Bob UB ster eae RUT CCL yy cea enseae san: North riveris..--bs.0s ns. Bine-atonesosy-2c. eee 108 
Cranstone stone and slate.|| 16 miles............... Diamond Hill, Westerly, | Little................ Hudson river and cape Ann.) Granite-............. 109 
; Connecticut, and Maine. Wi ak | 
IE BSTONO Ia eaeecee ssi: =. Dharoeliyien. ccsesccs oc Wake ela eegdaemocesnnese Pe set Ot elete s's Sonate ee os ws Lemont and Joliet .-........ Dimestone cess 110 
PENT MOM cso cherie ata'l| atarat arate mines ac oe ieee te Sainc neta em te aa lacie ancl Rsne ew danepeces s Nae Saar I Oe Nd Vila Pea tal Og AN De Svenitens- aso ae 
Eameatone ;......-..-.--. } Little =92. See see Racine. 3.2.22 0 - 1G Ch Cee eee  goltah the =, ae Ines are ee ne ue 
LO RCGE OSC eG RET 900) 20 (ia |IBEOce oe oan eSecebe nc Benes seer neceneecane e=ene re Bees I Oceas trices ans x. Hudson viverra eee Limestone and blue flag.| 113 
MEPL CATOUO rete siecle ele'einaia|ncrna ee eee eee paeteteesee peor Oleecse een cotercs or New Paris, Ohio.....--..... AM BStONG coe. ses ee 114 
RPASIEU Gees oon ccs so crtin oe Business streets ..-...- (Cobble) near Richmond ..|....do ................. Lynchburg, and Rondout, || Granite................. 115 
iN eeGs 
; | 
| 
PE MESCONO 42220 S<ccecese: Warealyecses: cashes os AMSG, Gusenisctctegone War selye. sememeie <<. Albion! sec gecenc nae | Blue-stone..........---- 116 

MeO OMe e croree wale ce siniesicssrme oe O0) ae naan an nee a WiGinityG-aseeesace tases a0 ASH C RRR AR Er ae Sp eere Vicinity: 22s. aes: | Limestone, Joliet......- 117 

Bee AO Ca tcc cteice sn seicc. Macadamized .......-. Rock sland ie ncaseess ce seca Over end paaeene ener DOlOb Ges Scents hae | Limestone, Rock Island.| 118 
MERON GONG HANAStONOH | Litho seen... Sema nae|\aade or tea ween sisadainncecce Nariel yas cases setae Cayuga," (Chenango and: |e ene: toe anes 119 

9 : ; : ; Hudson river. 
JECT eee eee Macadamized .......-.| 4 miles north of city ...... VET U GietMododnae ney Cottonwood Falls, Kans ....|| Limestone, 4 miles north | 120 
of city. 
BAMNOStONE .<cca>-t.- +2055 | Largely macadamized. aoe Louis and southeast | Little...-......-...... Saint Louis and Joliet, Ill ..|| Limestone, Saint Louis =| 124 
issouri. 

ROME Ofte socic Ssslcee sic doce. EAL Grsces miner tee: tee meememas oe eas hee c seein Considerable. ......... paintiPauls aoe sees aeons Limestone, Saint Paul ..| 122 
(CE TD). See eae eee Considerable .......... CanerA til ance Maine meme omen ee a\emel ice noesemcacltar sac caacas lssGasecssscceses Granites 2seee eee 123 
BARTEL EC)) XTC REC ATE OE ate tee eee oie als eee ae fae eee atcteieis 0 enielm mets oleleiaejn\cinin css v's cic «| Csemesiesscvaucaces «ocreetenses|\aeseueusnedeoeaanceneaasee 124 
DaiMORCONOG sees co. 5- cess JELUD] Greets attests ome wees eae ae cele mceaicats « ISRO hye ooopesaae dee City quarries aes ses. eee see Limestonesseese- steer: 125 
Granite rubble............ g Pasi rht (ye seaneAm ar Sonora and Penryn ....... i bbl Oats seater 2 Folsom and Vermont. ...... Granites... 25 3..eseee 126 
ERMOGSEONG kee see seecisena 2 - WEN RIN cont ccogder bad tee gaacbascneuoa cebeceeEaeee Business streets -..... North river and Vermont ...|| Blue-stone and marble -.| 127 

Penne Pierce seca vesess Business streets ......| Cobble, ballast from ves- | Little.................| Hudson.....................|| Flag-stone............-.|128 

sels, and New York. 
SHIP ae eee Nebervelybesea-te ccc Glenville; seer ane eas Soke: WEAR OLY sagaeeintak oa oe Heldevberm atc cece onsen cook | Re eerie oeehe SS 129 
Seral conglomerate ...-... Wittleee se esses )an is (Cobble-stone) vicinity....| Considerable.......... Lehigh and Susquehanna || Sandstone .............. 130 
counties. 
HT i eked shtised de otal |e bee C oh Teen eh MEADE A aeAE SY SAAS Se Ne aeeae es Muargel yim sis s2sic=25 TOUS tus ee Ree eae eee Bree: Joliet and | 131 
ton. : 
Sandstone ss. 5 .25--52-25-. Macadamized withtrap| Westfield ................ LAREN Sona canedoscnsce Hudson river and Monson ..|| Sandstone and gneiss - - -| 132 
PANE BTONO/.~ocios cies s.e-<. Dorttlel seme eS scr eres Spring eld is sonscecs ae alas soe sy Poschesionoate Ase Springfield and Dayton ..... Limestone. .0-scessea- 133 
Maa ShONO tec. accu cass <<< Per OO) sacecdetcoccacewes ( ‘obble-stone) ODIO iver. eee: CO. a s.0< ls sein weenie Steuben villovscaseeen seen. Sandstone .--........... 134 
Wi LISLONG) <2. cob -icd ec emc vo Be OO loateaa cetaninn sel oe Fields in vicinity ......... Beet OO ee tet eens tains aaat Acushnetssyi 722322 e es Granite s2-t3222hs esse 135 

Ei Se OE ORE eee are Oly = seneeee sess ses HO DCUCEL 24452 sen—-ece.| Uargelys......-...-s..| Bedford and Elletisville -.--}| Limestone .---2-2+--2.==-| 106 
AMIOBUONO {45 oc. 2 voce cn LACH OR een ate scwens Medina yee sete once en ae: PI GLIG erecta een oe Sere Berea and Euclid ....-...... Sandstone and limestone) 137 
Beth ene ene ere ce ots Nai Grama mite oc) eins ean emicliviameine sie a n)ac piciaislss.<'6.a vie slots so ED areas toctoa tents Mey county and near Fort || Limestone, Safford...... 138 

scot | 
PSNAStONG < osc. easel c ee: lb Ocean cine eee == Lambertville -............ Considerable. ......... North riven) seece--ess-ces 0 Blue-stone <2. 52-2.2--25- 139 
LIS Bae oases anaes Targelyseccsnssceess Clark’s island, Me........ argselysaae ce cose stares SWORE Cs e 0 SoBe scoscor She OO ain Ser heise inant 140 
HaNGstONG:..-cc~ces-c5- ce. Largely 7s... 2o.2-5-ee Medina and Hammond....| Largely. ..-..--...-..-.. Cayuga and Hudson river ..|| Sandstone ...-.-..-..... 141 
CPP LOOK Sas Ch ooo en | see ae eda geet thetels Sass lore te oe mts Sel. os cc One-half of principal |} North river..-....-......--. Blue-stone, North river.| 142 
streets. 
PEE OTONE Sento ae cece | cs scenes decine as psec else ase cade tek eee seca TD GGIGL ee seeseecatee sia SW SILONCOW I we ete cesta ni son nie Me SlONe}- ces sce eee 143 
DED AStONG a aesiveepceein ss Latgelly oss e-scics-2 you (Cobble) Ohio river ....--- sits LO teens aceaniee oara BUSTA VISES ema malacre ce beta Sandstone’ .2sss-0502 55 144 
Red sandstone ............ UbIt ble ene sacha (Cobble) Susquehanna | Largely....-....-.--.- WACTINI Nee ese Soho Bosch soe Red sandstone ..-.-..--- | 145 
river. 
SEL NTGHC) oocShooRCnerbeen iPod CP BoroserroemAntet OVAL CAIN Veta ee cid a a akfa alee os = ttl eenasscaneees es ste Meshoppenle. antisense ses Slaty and conglomerate.) 146 
Cam iGo «24a asses aes =ca5 5% Cnet ITO LSI OOUS eee OMe ERP Enn Bee ee Ree a ret oa == Sere cle ninaciesooe selene mo cinnitacicce ec te.< cde cialnece Granitess-2esceresaneret | 147 

MIIMNG-POCK: 42 Seis cons fon ose ee Ree et hy Bie aa ae Littlhooscccntee sesecce iWinODas. tec cact- oe werent Lime-rock, Winona ..... |148 

Granite and mica-schist. ..|| Little...........-..... Vicinity and Massachu- |..-.do ...-.........--- IM GRON TIVO ee ons oe wien Granite, gneiss -........ 149 
setts. 

Gneissoid granite......... Main business streets.) Fitzwilliam, N. H......... Business streets ...... Local and Fitzwilliam, N. H |} Gneiss.-........-.......- 150 

Trap and gneiss -.-........ DAitilozes sso2- ac eases Tomkins Cove ...--...---- Largely s2s-eoscee seat North river .... Blue-stone..)<-2)-..6-1.< «me 

Bimestone'.--.-.-....5-... ar QOly Nescccssage seas RWACANT Yeo ee ete ee oie =< lyin Cee Seeeeoaecancsss Work COUNLY.2--5- 5. snes Brown sandstone 
SANAstOne voce. cae seen ae — ral (8, GSS S 4 BSBUE DoS Cer aCy AASB NeA Fane eee Considerable. .......-- ‘BOrOdisn ces oes ena eecncae a e limestone and sand- | 153. 

stone. 
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CHapTER VI.—DESCRIPTIONS OF QUARRIES AND QUARRY REGIONS. 


GENERAL REPORT ON THE BUILDING STONES OF RHODE ISLAND, MASSACHUSETTS, AND MAINE. 


By PROFESSOR N. S. SHALER. 


In the following report I propose to give a short general account of the geological conditions in which the 
building stones of these states occur, with some remarks on the conditions that have retarded or favored the 
development of quarrying industry within their limits. This discussion will not include any matters of a purely 
scientific character, nor will it have to do with the statistical matters presented in the tables. The end in view will 
be the presentation of the most important facts connected with the quarrying industries that have not been made 
clear in the statistical reports. 


GENERAL CONDITIONS OF THE BUILDING STONES OF NEW ENGLAND. 


It is a fact well known to geologists that the New England peninsula, or the region east of the Hudson and of 
lake Champlain, has a more varied geological structure than is found in any other region of equal area within this 
continent. In the manifold nature of its geological elements it more nearly resembles the territory of old England 
than that of the rest of America. As the possible variety of the building stones in any country depends upon the 
number of kinds of rock that appear at the surface of the earth, this variety in the geological structure of New 
England has exercised a beneficial influence onthe quarrying industry within its bounds. A much greater variety 
of rocks is quarried within its limits than in any other equal area of America. The greater part of these quarry 
products is derived from the very ancient rocks which owe their utility to the extensive metamorphism to which 
they have been subjected by the action of heat and pressure. Nearly all the rocks in this region have lost their 
original character, being much denser and more crystalline, and are frequently penetrated by joints and cleavage 
planes that at certain places and for certain purposes are a great advantage to the quarryman. 

The following list of native quarried stones used in New England for building will give an idea of the variety 
of materials existing within this area. In the list the distinctly-bedded rocks which have been but little changed 
from their original condition are given first; below these the more highly metamorphosed materials. Considerable 
as this list is, it affords but an inadequate idea of the actual variety of these materials, inasmuch as it is not 
possible to set out in such a list the lesser differences that often serve greatly to alter the appearance and the use of 
particular stones. Moreover the purposes to which the stone is applied are often too numerous to be set forth in 
such a brief statement. 


LIMESTONES. 


WHITE MARBLE.—Ranging from qualities only a little less perfect than that of Carrara to blotched and 
variegated stone; used for building stone and the various minor constructural and ornamental purposes to which 
such stone is usually applied. 

RED MARBLE.—Mostly used for building purposes and for table-tops, are ete. 

BLACK MARBLE.—For inlay work, floors. 

All the limestones that are charred in New England are crystalline in their texture and are tolerably free from 
admixture of clay or magnesia; they are therefore all available for making lime and are largely used for this 
purpose. In their distribution they follow somewhat peculiar conditions. They are most abundant in western 
New England; i. ¢., the western parts of Connecticut, Massachusetts, and Vermont, yet they appear again in 
considerable abundance on the eastern face of this region. In Rhode Island north and east of Providence occur 
large areas of limestone, probably belonging to the Lower Coal Méasures or the sub-Carboniferous limestone, 
and in eastern Massachusetts, in the counties of Middlesex and Essex, some small areas of crystalline limestone 
of Archzean age occur, but not in sufficient quantities to afford a basis for industries. On the coast of Maine we 
have very important deposits of limestone that afford the basis for the largest industry in lime-making that has 
been developed within an equal area in the United States; but the physical conditions of the rock do not favor the 
quarrying of building or ornamental stones at this point. 

None of these limestones are well suited for road-making materials, as their distinct crystalline structure causes 
them to shatter and fall into a powdery state beneath the wheels. 

I estimate the area occupied by workable limestones in New England at not exceeding about 500 square miles; 
in Massachusetts, Rhode Island, and Maine the area ite than 200 square miles. 
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SANDSTONES AND CONGLOMERATES. 


These rocks occupy an area considerably more extensive than that occupied by the limestones; it probably 
amounts to not less than 800 square miles of surface in all New England, and in Massachusetts, Rhode Island, and 
Maine includes about 600 square miles of area. The varieties and uses are approximately as follows: 

FINE-GRAINED, REDDISH, AND BROWN SANDSTONES.—Used for flagging and the external walls of houses 
principally the latter. 

CONGLOMERATES AND COARSE GRITS.—Used only for external walls. . ee 

Of these building stones the first group is very limited in extent, being confined to the immediate vicinity of 
the Connecticut river, between the northern part of Massachusetts and the mouth of the stream. The greater part 
of the material is composed of very uniform sand, in which oxide of iron is plentifully mingled. The material, 
quarries easily and works well under the chisel and the hammer; its endurance to weathering is, however, but slight 
in the variable climates of the northern United States, yet, on account of the ease with which these stones are 
worked and their very rich color, they have come into very extensive use in all the eastern cities north of Virginia. 
There are lighter colored and more flag-like stones of this same series that occur most abundantly in the region near 
Turner’s Falls. These beds have been, at various times, worked for sidewalk flags, yet their use has not been 
large; it is from the rocks of this age and character that the foot-prints of various amphibians have been so 
plentifully obtained. / 

The conglomerates of New England have a very wide extension, but only in a few regions have they been 
worked to any extent. The only region where an extensive quarrying industry has been based upon them is in the 
neighborhood of Boston, Massachusetts. They are the building stones most accessibte to that city, and so have 
come into very extensive use for wall work in buildings of a costly character. This stone is extremely durable 
and of a handsome reddish-yellow or gray color. Owing, however, to the infrequency of the joints in the rock the 
process of dressing is costly, the stone being perhaps the most expensive of any that has ever come into considerable 
use in this country. Its peculiar pebbly structure makes it singularly unsuitable for ornamental purposes, as it 
cannot be worked into any other than a flat surface. Except in Rhode Island, where the inferior carboniferous 
conglomerate is somewhat used for rough walling, the neighborhood of Boston is the only place where conglomerate 
has been extensively used for any building purposes; indeed we may say that conglomerates have been more 
generally used there than in any other city, European or American. 


SLATES AND CLAY-STONES. 


This group of rocks is very abundantly developed in New England, and has been made the basis of very 
extensive industries. The area occupied by workable rocks of this class is probably not less than 1,500 square 
miles in all New England, and perhaps exceeds 700 square miles in the states especially considered in this report.. 
This group of very argillaceous rocks is to be divided into the two classes of slates proper and clay-stones on the 
basis of the relative fissility of the material given by the joints or cleavage planes. The slates proper are affected 
by true cleavage, and are almost indefinitely divisible by the cleaving-tools of the quarrymen. The clay-stones. 
have only a jointed structure and are not indefinitely divisible in this fashion. The following are in brief the uses. 
of these two stones: 

CLAY-SLATES.—Used for roofing slates, billiard and other table tops; chimney mantels (with or without 
artificial overfalls) ; flagging stones, school slates, bath-tubs, wash-tubs, ete. 

CLAY-STONES OR ARGILLITES.—Used only for wall work. The geographical distribution of these slates and’ 
clay-stones is rather peculiar; they occur in one form or another over all parts of New England, yet the area of 
the deposits of workable quality is small and widely scattered. Of true slates Massachusetts has no workable 
deposits that have yet been discovered, and I think it very unlikely that any will be found; none are known in 
Rhode Island, though it is not impossible that both there and in Connecticut available deposits may yet be found. 
In Vermont and in Maine there are large areas of good roofing slates, and their development has been the basis of 
extended industries. The clay-slates have only been occasionally used, principally for road material and rough, 
dry walls. About Boston there are some quarries that have recently been used as sources of building material for 
churches and other large edifices. As yet, however, this class of stones has been much neglected. The first 
quarries in this country, certainly the first in Massachusetts, were opened in stones of this description. These are 
the quarries in Neponset, formerly Milton. The material was used for grave-stones, mile-stones, and, to a small- 
extent, for flagging. (See second part of this report.) 


HIGHLY METAMORPHOSED ROCKS. 


Under this head I Shall, for convenience, include all those rocks that have lost their original character by 
fusion or by a very complete metamorphism. The classification has no other merit than convenience. First in 
importance among these is: 

GRANITIC ROCKS.—Used for a great variety of constructive and ornamental work. 


| SCHISTOSE ROCKS (GNEISS AND MICA SCHIST),—Little used for building save for rough walls. No important 
industries resting upon them, ‘ 
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TRAPPEAN ROCKS.—Very little used save for road material. 

SERPENTINES AND STEATITES (VERD-ANTIQUES AND SOAPSTONES).—Extensively used, particularly the latter, 
for stoves, chimney-guards, ete. 

This group of highly metamorphic rocks makes up the greater part of New England; perhaps three-quarters 
of its whole surface is composed of them, but the several kinds are found in very different proportions. The 
granitic group occupies several thousand square miles, and the schistose group an even larger area; the trappean 
rocks are found almost everywhere in small masses penetrating through the other groups of rocks, while the 
steatites and serpentines occupy the least area of any of the New England rocks, their whole surface not exceeding 
a few square miles. 

The granitic rocks of workable quality lie principally in the eastern parts of New England, and are found in 
their best shape along the coast of Rhode Island and the coast-lines of Massachusetts and Maine. They are the 
cores or centers of old mountain ranges which have been worn down to their very bases, principally by the long- 
continued action of the sea and the glaciers of the ice times. Some excellent granites and syenites occur also in 
the New Hampshire district and in central Maine. Although the granitic rocks of Scotland afford some ornamental 
varieties that are more beautiful than those of New England, I know of no region in the world where this class of 
rocks can be found in greater abundance or in more workable forms than here. It is possible in several of the 
syenite quarries of Massachusetts to break a single block from the quarry that shall have a length of 150 feet, a 
depth of 10 feet, and a width of 30 feet, the whole mass without a flaw. 

The schistose rocks of this district, like those in other countries, have few qualities that fit them for any 
architectural purpose, and the same may be said of the trappean rocks. These old lavas in this district are invariably 
characterized by the presence of many joints that tend to make them cleave in various directions. These joints 
are readily opened by the weather, and so the rock crumbles into small polygonal blocks. This material is used 
only for road material, for which use the ease with which it is fractured and the great hardness of the ultimate 
masses peculiarly fit it. The large amount of iron oxide it contains also serves to bring about cementation of the 
macadamized material in the road-bed. 

In the serpentines and steatites of New England we have the foundation of some small but interesting 
industries which promise a very great development in the future. In Massachusetts the most important localities 
for this class of materials are near the west end of Hoosac tunnel, and in the eastern part of the state between 
Lynnfield and Newburyport. At both these points a little work has been done in former years, but bad management 
shipwrecked the works before they obtained any considerable development. 

It now remains to notice a class of building materials which has not been considered in the preceding list, viz: 
The drift or glacial bowlders that abound in New England. If we consider the whole of the existing walls in New 
England, those used for fencing as well as those in the more important foundation walls of the wooden or masonry 
buildings of the region, we shall find that at least 95 parts of the whole are composed of this glacial waste. Sometimes 
the stones, where the work is to be bound with mortar, are riven with wedges so as to give a better face for the 
attachment of the cement; usually, however, the stones are used without any such precaution. I know of no other 
district where these rude stones have been of as great service in the rough economic architecture of a country, 
although this use of glacial pebbles is common in other parts of America and in the glacial districts of Europe, 
from the lands of Scotland to the valley of the Po. 


A GENERAL ACCOUNT OF THE DEVELOPMENT OF THE QUARRY INDUSTRIES OF THE DISTRICT. 


Whoever has made himself acquainted with the singularly great variety of the building stones that exist in 
New England must in the end be surprised at the limited extent to which those resources have been applied to 
the arts of the country. Although the finest quarries in the country exist within its limits, there are fewer masonry 
houses in proportion to its wealth and population than in any other region of like extent in the world. By far the 
larger part of the houses are of wood, and when stone is used, save in the larger cities, it is unwillingly taken 
as a building material, and is generally brought from a distance, though better sorts may be close at hand. Thus 
in Cambridge, Massachusetts, a city of 60,000 people and of very considerable wealth, there are but a dozen stone 
buildings, and none in which the material has been made the basis of any considerable ornamentation. In other 
words, there is but one stone building to each 5,000 inhabitants. There is not a single dwelling-house of stone, 
not more than a few hundred of brick, and these generally of a very inferior sort. Despite its considerable cost 
and perishable nature, timber has remained the principal building material for dwelling-houses and shops. In the 
university that owns the best edifices of the city, out of about thirty important buildings only five are of stone, the 
rest being of brick; yet within 10 or 12 miles of the place there are many beautiful building stones, some of which 
have been known for half a century. 

This neglect of stone as a building material may be understood after a little consideration of the history of 
architecture in New England. The first settlers of this country brought little wealth with them, and a love for 
architectural effect was the least of their pretensions. Until the rapid development of mechanical industries at 
the beginning of this century wealth did not begin to accumulate, or the culture to take on a type favorable for the 
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development of a taste in architecture. During the first two centuries timber was the natural material for 
construction; it was by far the cheapest material, and required the least skill for its working. Wherever architecture 
develops, as it had to develop here, in a plentifully-wooded country the first stage of its progress gives us purely 
wooden edifices. All or nearly all the earliest Christian churches north of the Alps were of timber, and the houses 
of the common people were of the same material down to the time when timber became scarce. It is the opinion 
of many students of architecture that the original types of the Greek temples were also built of wood. The 
continuance of wood as the principal building material in New England was favored by the fact that during the 
first two centuries after the settlement of this country the people found themselves exposed to earthquakes of 
considerable severity. Those of 1685, 1727, and 1755 were of such force that, happening at the present day, they 
would do no small damage to masonry buildings. Many hundred chimneys in Boston were overturned. It is not 
unlikely that these shocks had some effect in causing the people to adhere more firmly to the old fashion of building. 
But the conservatism of art, in nothing so manifest as in architecture, will, sufficiently explain the retention 
of ancient methods in the architecture of New England. During the seventeenth and eighteenth centuries there 
were positively no beginnings made in quarrying industries. The only quarries I have been able to trace back to 
the eighteenth century are some few of clay-stones near Boston. These were very small, and only furnished a part 
of the grave-stones, a few lintels, and a few mile-stones. Stones for cellar walls were obtained from the glacial 
bowlders, which were used either in their natural state or after being riven with wedges. Even down to the 
time of the Revolutionary war a considerable part of the grave-stones and masonry blocks were still brought from 
the mother country, probably as ballast in vessels that carried away timber or fish to Europe. 

The first New England stones abundantly quarried were the syenites near Boston and the sandstones of 
the Connecticut valley. These stones began to come into considerable use in the second decade of this century. 
As yet these kinds of stones, with the various deposits of slate and marble that occur in Vermont and Maine, 
afford the only quarry materials extensively produced. The advance made in their development has been very 
great, and is likely to continue for a long time tocome. In the present state of wealth and of taste the demand for 
building stones is taking other directions from those which of old led to the working of the few materials that have 
been brought in use. The syenites that have hitherto satisfied the needs of simple strength and cheapness in 
architecture have little variety of color, and an intense hardness that quite unfits them for the ordinary uses of the 
decorative architect. There is needed a wider range of stones for use in the decorative parts of our buildings, which 
shall contribute to embellishment in either of two ways: by means of their attractive colors, or by having a 
constitution that fits them for the use of the carver who may work them into embellishments. In the following 
pages I propose to call attention to the various sources of supply whence these qualities of stone may be obtained, 
as far as they have become known to me during the inquiries which have been made during the present census year 
or in the twenty years during which I have been a student of New England geology. These resources will for 
convenience be enumerated under the heads of the several states. It should be noted that these lists are not in any 
regard exhaustive accounts of materials suited for building stones, but only designate varieties and localities as far 
as they have found a place in my note-books or in those of my assistants, Messrs. Davis, Wolff, and Chase. 


RHODE ISLAND. 


The only stones of this state that have attracted my attention are the syenites, conglomerates, and limestones. 
The quarries in the syenites of Westerly are among the best of New England, the excellent quality of the stone 
being one element of their success, another being the advantageous position that these quarries occupy with 
reference to New York and other large markets of the sea-coast. On the point of land south of Bristol other 
syenites occur, distinguished by the amethystine nature of the quartz they contain. They have never been quarried 
for exportation, but they seem to me to offer a promising field for inquiry. North of Providence there are some: 
crystalline limestones that are extensively worked for lime. Aithough these limestones have their mass extensively 
rent by joints, as is the case with all the limestones known to me in New England east of the Connecticut river, 
they may with proper search disclose some beds sufficiently free from this defect to give building stones, or at least 
stones suitable for certain particular uses in architecture. This region affords the best promise of such results of 
any known to me near the Atlantic coast. 

The conglomerates of the Coal Measures are extensively developed in Rhode Island, but they have never been: 
to any extent used for building purposes. Although they vary much in the different localities where they appear, 
they are generally as well fitted for architectural purposes as the similar but more ancient deposits near Boston. 
These rocks are abundantly exposed near Providence and at various points along the shores of Narragansett 
bay, whence they could be readily conveyed by ships or barges, or by rail to Boston. They seem to me to invite 
experiment. 


MASSACHUSETTS. 


In this state the variety of unused stones is very great. In the group of granite rocks a fair amount of search 
has been given to the field; yet some classes of this group have been entirely neglected. The blue-gray Quiney 
syenite having first established its reputation, all subsequent search has been given to the finding of stones 
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sufficiently like it to command the same market. This search has been so well rewarded that at haif a dozen other 
points in Massachusetts good syenites of the same grade have been found, while other and handsomer stones have 
been passed by. These other granitic rocks occur at various points, but I shall only mention one district which seems 
to me to offer a profitable field for inquiry. In the ranges of hills which lie to the west of Boston, extending 
from Melrose through Arlington to Dedham, there exists a great variety of reddish and yellowish blotched granites 
or syenites that have never been quarried, and are only known to me by chance sections. I am satisfied that 
these stones can be found in workable masses, and, though they want that evenness of grain that makes the Quincy 
syenites and other similar rocks so easy to work, I believe they can be quarried without undue expense. I am 
sure that when polished their extremely effective colors will give them a high place among our decorative stones. 

In this connection and on the same field I may note the existence of a large area of porphyrites. This field 
extends from Malden through Saugus and Lynn to Marblehead. These stones are as handsome and as varied in 
hue as those of the Mediterranean, which have furnished the supply for decorative uses to Europe for two thousand 
years or more. In fact, they are as handsome as such stones well can be. They have not been quarried, but it is 
probable that large blocks without many flaws can be obtained. The peculiar hardness of these stones, which has 
always been an obstacle to their extensive use, is now less of a disadvantage than of old, for the modern appliances 
for the use of power very much reduce the cost of working such stones. These materials are in excellent positions 
for working, forming cliffs of considerable height above the sea. At Marblehead neck it is possible at high tide to 
load the material directly from the quarry into vessels of considerable burden. This class of stones is found 
nowhere else in the United States in similarly beautiful forms, and nowhere else in the world, so far as my 
knowledge goes, in such a favorable position for exportation. 

In Stoneham there are some deposits of marble that have been the object of several desultory efforts at working 
at various times in this century. So far all the stone found, though of an admissibly pure white color, is too 
much cut up by joints to be useful in the arts. Despite these failures I am not without hope that other deposits 
now covered beneath the mantle of drift that envelops this region may yet be discovered. 

In this same section of eastern Massachusetts there is yet another source of building materials that is full of 
promise. I refer to the extensive deposits of serpentine that lie in the country between Lynnfield and Newburyport. 
This deposit has long been known to exist, and nearly half a century ago it was worked at one point as a source of 
supply of material from which Epsom salts were made. This serpentine has never been fairly opened save at one 
point, in Lynnfield, where a pit 15 feet deep has been sunk into it. From this opening some beautiful blocks of 
serpentine have been obtained, which show that the rock is well fitted for architectural purposes. Near Newburyport 
the rock seems to be more divided by joints, but it is of harder and more beautiful texture. Near Lynnfield it 
appears to be of a softer nature, yet not too soft for the best uses, and the blocks are of larger size than elsewhere. 
As yet the means of observing this deposit are too limited to afford the basis for exact statements, yet I know in 
America no other rock of equal promise. 

In the vicinity of the east end of the Hoosac tunnel, in close geological relation with the well-known deposits 
of steatite that occur there, exists an extensive deposit of serpentines in which quarries have never yet been opened. 
The quality of the polished specimens I have seen seems very good indeed, and the deposit seems well worth a 
careful investigation. 

I may also commend to the consideration of quarrymen the many varieties of clay-slate that occur at various 
points in Massachusetts, particularly near Boston. These clay-slates have long been worked for road materials, but 
have not been much used for construction purposes. These stones generally break well in the quarry, and are 
tolerably well suited for hammer-facing. Their main joint-planes are generally richly colored by iron oxide, which 
gives them a handsome effect in a wall. The only important edifice that has been constructed of this variety of 
stone is the Shepherd Memorial church in Cambridge. The cost of quarrying the stone was much less than that 
required for the Roxbury conglomerate, and when placed in the wall the actual cost was only about one-half as great 
as the conglomerate in the Mason chapel, a very similar edifice a few yards away. The distance of the buildings 
from the quarries where the stones were obtained is about the same. The general effect of these stones is nearly 
alike. 

In the neighborhood of Boston there are some trappean rocks that are free from the general objection that 
must usually be held against New England traps in general, and which are capable of making excellent building 
stones. I refer to the amygdaloids of the Brighton district. These rocks occupy but a small area, not exceeding 
about half a square mile, yet they lie well for quarrying, the joint-planes being quite favorable for working. The 
color is a dark mottled green, which would seem to enliven the architecture of the structures built of the similar 
colored stones that prevail in this region. In the same series of rocks, apparently also of trappean nature, are 
some deposits of a lively green color. These are best shown near Newton Upper Falls. They seem to me to 
promise a useful decorative stone. 

In western Massachusetts, although the district lies beyond the limits of the work specially undertaken by 
the survey, I may notice a few of the most important features connected with the prospective quarry industries. 
In this section we have none of the free-splitting granitic rocks which are so remarkably abundant in the coast 


112 BUILDING STONES AND THE QUARRY INDUSTRY. 


region of New England. The rocks most like them have a gneissic form that causes them to break irregularly. 
They were splendidly exhibited in the central portions of the Hoosac tunnel, and their extreme resistance to the 
action of powder as well as to the drill made that great work very costly. This rock is well exposed at the surface 
in the district just south of the tunnel in positions favorable for quarrying. Although it is not easy to work in 
the heading of a drift, such as a tunnel requires, I believe that a skillful and ingenious quarryman would manage to 
deal with it in an open working. The stone is extremely handsome, having the peculiar banded structure of 
gneiss, with a semi-opalescent quartz in large crystals. It is exceedingly resistant to transverse pressure, its 
structure making it, when strained across the fiber, almost as elastic as wood. It should not be used as a decorative 
stone in any position where it would require dressing, but it is very suitable for long lintels, and I believe it would 
furnish excellent edge-stones. As some of its faces are smooth it could also be had in forms suitable for rough 
walls, even in buildings of the highest grade. 

At present the American taste is rather opposed to the use of stones that do not show the use of the hammer 
upon them. This is, however, a mere prejudice, for some of the handsomest structures in the world are built of 
undressed stones. The city of Florence, in many regards the most beautiful city in Kurope, has its finest architectural 
triumphs built of unhewn stone. The Strotze and Pitti palaces owe to their rough stones the wonderful dignity 
that makes them nobler in aspect than thousands of more costly structures. When our builders accept a similar 
simplicity as the worthy object of their efforts it will open this class of rocks to use. 

There are some good white marb!es in this section that deserve more attention than has been given to them. 
They are somewhat worked about North Adams, but are perhaps too much jointed and of too coarse a grain to 
come into general favor. 

After considering all the other resources in the way of building stones that are found in Massachusetts, we 
come again to the granitic rocks as the most extensive and surest basis of its quarry industry, and until the taste 
for such stones changes they are sure to be the most valuable of all its rocks. 

The principal fields for these stones have already been occupied. The most important of the regions which 
may be designated are the Milton and Quincy district, the district of cape Ann, the district of Fitchburg, and that of 
Fall River. The Milton and Quincy district gave the beginning to the granite industry of New England. Its first 
success was great, and to this day it has more quarries within a given area than any other district in New England, 
or perhaps in the United States; yet it was not naturally the best locality in the New England region. As far as 
the quality of the stone is concerned, it is surpassed by the quarries on cape Ann and by those in Maine. The stone 
lies well for working, as it occupies a set of steep-faced hills divided by several valleys of considerable depth. 
The site is near the sea, with which it is connected by the first railway built in this country, and it is also upon 
the extensive railway system of the Old Colony railroad. It is thus one of the few granite-quarry districts of New 
England having the advantages of both methods of transportation. At present the product of this district does 
not seem to increase as rapidly as that of cape Ann or that of the Maine coast. The general structure of the stone 
appears to make the production and shipment of the stone a little more costly than in other regions. There are 
few large rocks now produced there, the greater part of the work being cemetery monuments and other decorative 
work. 

Cape Ann was the next district opened to work. The quarries at that point give an excellent but little tried 
sort of stone. The only hinderance has been the absence of good harbors and of satisfactory railway connections. 
The lack of harbors near the quarries has been met by the construction of breakwaters built from the waste stone, 
but the provision is yet inadequate, and the cost of new harborage is too great for small capitalists. 

South of Boston harbor, in Cohasset and a part of North Scituate, there are excellent sites for quarries. The 
stone is of a light red color, and works well, but the difficulty of harborage at the quarry point has led to the failure 
of several experiments in quarry work. At present the land along this shore is so valuable for villa-sites that it 
is not likely to be used for quarry purposes. The Fitchburg and Fall River districts, as well as the large area of 
granitic rocks along the line of the Boston and Albany railway, are capable of extensive development. That near 
Fall River is, however, the only one that is likely to secure cheap water transportation—an absolute need in the case 
of any new granite district seeking to compete with those already established in New England. So far the Fall 
River quarries have supplied only the considerable local demand. They seem to me, however, to be the best placed 
for extensive shipment of any in Massachusetts except those of cape Ann. 

The stone in the district along the line of the Boston and Albany railway is of good quality. It is, however, 
of a rather gneissoid structure. 

Lastly, I may notice the fitness of the abundant glacial pebbles to the construction of more important walls than 
those to which they have been applied. | So far these stones that lie about nearly every New England field have not 
been much used save for dry walls or fences and for foundations. Their rounded form does not readily lend itself 
to the mason’s use, yet by sizing the stones and using them with a little patient skill it is possible to make a strong 
and handsome wall from these fragments. The only considerable structure which I know that is made of bowlders 


is a church in the town of Medford. It is a handsome and ornamental structure, and I am told that the walls cost 
Jess than if built of any other masonry. 
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In the valley of the Po,.in northern Italy, glacial pebbles of small size, often not exceeding 3 inches in diameter, 
are extensively used for building. Sometimes a frame-work of timber is first built to take the strain of the roof, and 
then these pebbles are built in between the timbers. In all New England these stones left by the glacial period are 
always very enduring, for the reason that the rough handling withstood in their making fully tested their strength. 
They are often very smooth, and show their natural colors to great advantage. It isto me remarkable that so simple 
and evident a source of construction stones has been neglected for generations in a region where good, easily- 
worked materials for masonry are not generally accessible. It is only to be explained by the natural conservatism 
of architecture, a field of activity where the penalties for rashness are often great and the profit from any one 
successful experiment is usually very small. 


MAINE. 


The building stones of this state are less known than those of any other New England state. There has been 
but little demand for them save for export purposes, and the distance of carriage is so great that but few of the 
great variety to be found there have ever been brought into use. Along the coast the limestone of Rockland and 
. the neighborhood bas long been quarried for lime, and at certain points the excellent syenite that abounds in this 
region has been quarried for southern markets; but nothing like a search has yet been made for the available 
building stones of this coast. This region is peculiarly adapted to afford a great variety of building stones. 
The shore is formed by the extremities of many mountain ridges, which have been planed down by the sea and by 
glaciers so that they no longer appear as mountains. These old mountains, which are evident only to the geologist, 
stood at right angles to the shore. This disposition of the rocks causes a singularly great variety of stones to be 
exposed at the coast-line. The harbors are numerous and deep, so that the products of the quarries can 
generally be loaded directly into large vessels. These conditions make this region more favorable for the development 
of a large quarry industry than any other region known to me in this country or in other countries. 

It is much to be desired that a careful study of the stones on this coast should be made. In the meantime the 
following notes which have been gathered during the census, and other studies, may have a certain value as indices 
of the resources in the way of building stones that may be found there. Beginning at the eastern extremity of the 
state we may note that in the neighborhood of Calais and thence toward Perry and Eastport there are extensive 
beds of a very reddish feldspathic rock, probably to be classed with the granites, which deserve far more attention 
than they have yet received. In the town of Perry and in the towns that border upon it there are some distinctly- 
bedded rocks that are likely to furnish good flag-stones of fair hardness. The same may be said of the region about 
the winding shores of the South bay, an extensive sheet of water near Hastport. We find there many beds that 
would yield good flagging stones. There are some very red conglomerates in this district that might be useful on 
account of their brilliant colors, but they are too much jointed for the most favorable working. 

Passing to the westward from Passamaquoddy bay we are for a great distance principally in granitic rocks. 
There are, however, many distinctly-bedded rocks of a much metamorphosed character at various points which may ° 
afford flag-stones. Itis impossible to give particular localities, as the rocks have never been quarried, but the section 
between Lubec and Doverboro’ seems to me the most promising region for search. Between Machiasport and 
Harrington the granitic rock is the only important material. The stone in this section, like that near Calais, is of 
a reddish color. Indeed, this seaward face of Washington county is characterized by the reddish tint of its 
metamorphic rocks, which in turn has given a reddish cast to the slates and conglomerates that have been formed 
from them. The best of the granites of Washington county are found in these red granites, which are probably all 
of about the same age. This set of rocks extends far into the interior, but they are so much more available along 
this shore district that it is not worth while to seek them elsewhere. I am satisfied that when the diverse qualities 
of these reddish granites have been determined by proper exploration it will be found that this part of Maine will afford 
a wider variety of these stones than any other district in New England. 

Near Addison there are quarries of diabase. These rocks are commonly classed as dark-colored granites. 
which they somewhat resemble. The principal objection to this block granite for building stone is that in some 
localities it shows a tendency to decay with great rapidity. A similar stone exists near Boston, in Somerville, 
Melrose, and Medford, Massachusetts ; but, though handsome and easily worked, it is unfit for out-of-door use, 
as it will often lose color in a few years and fall away in flakes. This objection does not seem to hold against the 
stone from this part of Maine. . 

Between Harrington and Gouldsboro’ there are excellent exposures of granite of various colors which have 
not yet been quarried. We next find worked quarries at Sullivan. At this point the granite has a set of cleavages 
which causes it to break out in long rectangular prisms, a form peculiarly favorable for the quarryman’s work. 
Connected with this easy breakage we have numerous slight veins in the stone that seem to make it break too 
easily for the best uses, and somewhat affect the color of the blocks. The rather reddish granites outcrop along 
the coast to the westward. On the shores of Somes sound, a deep inlet that penetrates the island of Mount 
Desert, there are quarries of a light red granite. Here, as elsewhere along the shore, the best quarries are found 
in the sides of the hills. As these hills are the parts of the rock that have best resisted erosion, it follows that 


they are the most solid and enduring*of the rocks of the country. It may be said that throughout New England 
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the thickly-bedded enduring rocks are in the hills, the softer and more thinly bedded in the valleys. It seems never , 
worth while to seek for good granite in the valleys since a slight depression shows some element of weakness that 
makes the rock unsuitable to the quarryman’s use. 

Excellent granite quarries exist at the head of Bluehill bay, to the west of Mount Desert. Deer island and 
Vinal Haven island have exterior quarries of the same stone. On the latter island the stone splits in larger blocks 
than anywhere else in New England, except perhaps in the quarries of cape Ann. 

On the west side of Penobscot bay there are exterior quarries in Thomaston and Saint George, near Richland. 
West of the Penobscot the quarries are not limited to the coast-line, but some are situated on the Kennebec, 
at a distance of 60 or 70 miles from the sea. This is not because the granite is particularly better or more abundant 
there than in the inland region of the Penobscot, but because there is more local demand for stone and the 
means of shipment by railways are much greater. There are also considerable quarries of roofing slates in this 
section of the state west of the Penobscot river; they lie, however, much north of the belt of granite quarries. 
The granitic character of the coast is continued to the New Hampshire line, and the numerous small and a few large 
quarries attest the general goodness of the stone. It will be noticed that the only building stones quarried along 
the coast of Maine are granites, or crystalline rocks closely related to them. It must not, however, be supposed 
that no other kinds of stone occur along this coast. The limitation of the production to this single quality of stone 
is to be explained in part by the fact that this stone is the only one for which there is an extensive market, and 
the search has naturally been first made for it. Even more, however, must be attributed to the fact that the 
continuation of marine and glacial erosion which has gone on upon this shore has worn away almost all the softer 
rock exposed to its action. The larger part of the limestones, slates, sandstones, etc., that find their geological 
position on the folds along this coast have been so worn away that they lie beneath the surface of the deep 
indentations of the sea which are so conspicuous here. 

These granitic quarries afford very excellent conditions for working. The stone opens easily, having the peculiar 
inchoate joints that are such striking features in the syenite or granite of New England. There are generally 
at least two of these rift-lines. Then there is a more or less complete division by what appear to be true beds, as 
well as joints, so that the division of the rock is as complete as could be desired. At the same time the lines of 
weakness in the rock are not so numerous as often to make the quarried masses too small for use, as is Sometimes 
the case in other districts. The impurities in the way of spots and veins, which often seem to mar the appearance 
of granitic rocks, are not found in any great abundance save at a few points. Added to these advantages this 
shore affords a frontage in its islands and inlets of not less than 2,000 miles, the larger part of which lies in 
workable granite or kindred rocks, though of course not always of the best kind. 

Although the extreme erosion has left little of the more wearable rocks along the coast-line of Maine, the 
inland regions seem likely to yield a good variety of stones. The principal trouble at present is that the coating 
of forest and the layers of drift mask the greater part of the surface, except where the very hardest rocks occur 

MACHINERY AND LABOR.—In the larger New England quarries steam cranes or derricks are generally used to 
move the stone to the carriage that carries it away from the quarry heading. In the smaller quarries the hand- 
crane alone is used. These cranes are generally conveniently arranged for their work. 

In the iatter class of quarries wagons for conveying the stone to the shaping- or dressing-grounds and to the 
shipping-grounds are no longer employed. ‘The road out of the quarry is generally occupied by a tramway, and 
locomotives, generally of the light dummy pattern, are used to drag the carriages to the shipping-point or to the 
dressing-grounds. : 

From a considerable knowledge of the European quarries I believe that the amount of manual labor used in 
their quarry work is at least twice as great as that required in the better class of American stone pits. The result is 
that we can furnish rough Stone at a lower price than that at which it can be produced in Europe, despite the higher 
price of labor here. In the treatment of the stone after it leaves the quarry the American methods show no advance 
upon those of Europe; and it is in this part of the work of preparing building stones that the cost most rapidly 
increases. The wages for all sorts of hand-work in dressing are very dear, and so far little effort seems to have 
been made to replace these methods by mechanical contrivances. When stone is to be dressed into ornamental 
shapes it does no seem practicable to gain much by any mechanical processes; but when the aim is merely to 
polish the flat face of the stone or to bush- or face-hammer them, it ought to be possible to replace hand-work by 
automatic machinery. One reason why more effort has not been made in this direction is doubtless that 
mechanical power derived from steam is generally costly in the quarrying districts of New England. This may 
perhaps be met by the use of tidal water-powers that abound along all this coast-line. These water-powers can 
often be brought into use at a very small cost for plant, and as they do not depend on drought, and generally 
involve no damages for flowage, they will be much cheaper than fresh-water power. Their general utility is 
sufliciently proved by the frequent use made of them on this shore for ordinary milling purposes. 

TRANSPORTATION.—The carriage of the quarried stones to market is generally effected by-rail or water: The 
quarries near. the sea-board have a great advantage over those upon the railways, inasmuch as they can ship at 
much less cost, the carriage by sailing-vessel being only a small fraction of that which must be charged by railway. 
On these vessels the stone is generally laden upon the deck, except the smaller sorts, such as paving stones, which are 
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stored in the hold. It seems to me that vessels of the sort known as catamarans, i. e., those with two distinct bodies, 
with a pavement covering the whole, would make safer forms of ships for this carriage, as it is the heavy deck 
burden that makes an ordinary ship very top-heavy and liable to accidents. 


GENERAL RELATIONS OF NEW ENGLAND BUILDING STONES TO THE MARKETS OF THE 
UNITED STATES. 


It is worth while to notice the general relations of the New England quarry industries to the rest of the country, 
as we may thereby gain the basis for a forecast of their future. 

A glance at a geological map will show that the rocks that characterize New England are not found in an equally 
extensive development in any other district south of the Saint Lawrence and east of the Rocky mountains. The 
same highly-metamorphosed series of rocks is continued in a less extensive way south along the whole chain of the 
Appalachians as far as northern Alabama; but it leaves the sea-board region at New York, and south of that point 
is not readily accessible to tide-water navigation. Moreover, when we get even as far south as New York we find 
that, owing to the progressively less and less considerable development of glacial action in southern regions, the 
rocks show the effect of decay to a much greater depth than they do in New England, where the last glacial 
period stripped away all the incoherent decayed portion of the rocks, leaving only that which was well suited to the 
use of the quarryman. The result is that even near New York, and in a greater degree for every step eastward, 
the stone is decayed along the joints to such an extent that we can rarely find good solid blocks within from 20 to 50 
feet of the present surface. This deep “cap” of decayed rock is a serious hinderance to the development of good 
quarries of crystalline rocks in a large part of the southern Appalachian mountains. 

These two advantages, the neighborhood of the crystalline rocks to the sea and the absence of any worthless 
decayed upper part, will always give the New England rocks of the granitic group a very great advantage over 
those of any other part of the eastern United States. 

Jt should also be noticed that the cost of quarrying granite of good quality is perhaps less than that of any 
other work of the same general utility, certainly much less than the cost of our other principal building stones, so 
that, for all large structures where rude strength is the only need, quarries of this stone are always likely to be at 
a great advantage in production. 

There are no other sources of supply of granite that are ever likely to compete with this stone district of New 
England. The same qualities of stone are found in southern Nova Scotia with the same advantages of quarrying 
but this region is on the average several hundred miles farther from the principal points of consumption, so that 
the tax due to distance will always amount to about as much as the present profits of the New England quarries. 
The cost of carriage on a ton of stone from Nova Scotia above that from cape Ann, supposing the distribution to be 
to New York or Philadelphia, is at the present low rates of freight about 50 cents. This is probably more than the 
average profit that is made upon the stone itself. Thus there could be no effective competition save for such 
stones as have been carved or finished, so that the actual value bears ‘a very large proportion to the original 
cost of quarrying and conveying to market. It is quite clear, therefore, that the position of the New England 
granite quarries is particularly favorable, and that they are likely to command the market for cheap stones for a 
great while in the future. 

The same may be said, though ina less emphatic way, for the other building stones of this region. The roofing 
slates, particularly those of Maine, the exploration for which has hardly begun, are very well placed for marketing, 
as they have the same advantage, arising from the small amount of waste rock on their surfaces, that the Santke 
quarrieshave. Theslates have rather more drift matter upon them than the granite quarries have for the reason that 
they generally lie in rather lower ground; still this drift is loose material requiring no other than pick-and-shovel ’ 
work before the profitable work is attained. In Maine, especially, these quarries lie near enough to tide-water to 
share the advantages arising from their method of carriage, being not more than from 30 to 60 miles away from the 
nearest tide-water navigation. 

There are no certain supplies of good marble within a remunerative dist ance of the shore-line of New England, 
the nearest approach thereto being the extensive deposits of serpentine rocks that lie in Middlesex and Essex 
counties, Massachusetts. Between Lynnfield and Newburyport there is an extensive deposit of this character 
that will afford a material suitable for the carver’s art. 

lam not without hope that it will be possible to find some marbles suitable for buildiig purposes in Rhode | 
Island or in Maine, and it is greatly to be desired in the interests of American architecture that more good carving 
stones should be brought into market. Though New England abounds with excellent and beautiful construction 
stones, it leaves much to be desired in the way of stones fitted for the work of the sculptor. None of its marble is 

really fit for the best statuary purposes. 
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DETAILS REGARDING QUARRIES. 


MAINE. 
[Compiled mainly from notes of John Eliot Wolff.] 


The Red Beach granite quarried near Red Beach, Jonesboro’, and Calais, Washington county, is used principally 
for monuments, and to some extent for general building purposes. It is quite largely used for polished columns. 
The principal markets are Boston, Providence, New York city, Baltimore, Philadelphia, Buffalo; Cincinnati, 
Cleveland, Zanesville, and Columbus, Ohio; Springfield and Chicago, Illinois; Milwaukee, Saint Louis, Saint Joseph, 
Kansas City; Charleston, South Carolina; Wheeling, West Virginia; Washington, District of Columbia, and San 
Francisco. 

In the Red Beach quarries there are two sets of principal joints, both nearly vertical, which seem to be continuous 
through the granite of this region. ‘The finest set has a direction 8S. 55° W., and the other 65° E. There are also 
some less regular cut-off joints running 8. 60° W. and slanting east. The sheets are fairly regular, running from 7 
to 4 feet and less; the jointing is remarkably regular for granite, and the almost rectangular intersection of the 
vertical joints gives the blocks a cubical and rectangular form rare in granite. The stone is free from blemishes as 
seen in the quarry. Little quartz veins and black concretions (one of which when tested appeared to be principally 
magnetite of small size) are the principal ones. The rift of the stone is parallel to the S. 65° E. joints. On the 
surface rock this stone weathers with a snow-white appearance. The feldspar, both red and dirty white in color, turns 
to a dazzling white, the quartz remaining unaltered, while the mica and magnetite and other minerals become 
inconspicuous. The granite-workers here are very largely Aberdeen Scotchmen, and some of the polishing-machines 
are adapted from Scotch models. 

The stone compares very favorably in appearance with the Peterhead Scotch granite and the Nova Scotia red 
granite. The rock is a biotite granite, is.a good working stone, and quite hard and brittle, taking a high polish. 
Blocks 7 by 7 by 2 feet thick have been shipped) and blocks 30 by 15 by 24 feet might be quarried. 

The columns of the court-house at Providence, Rhode Island, and those of the custom-house at Kansas City, 
Missouri, the Centennial block at Portland, Maing and a porcon of the basement of the custom-house at Fall 
River, Massaohasetts, are of this stone. 

At Jonesboro’ the quarries are shillow and extend over a comparatively broad area on the top of the hill on 
which the quarries are situated. The sheets thin out, but deepen on going downward. There seems to be but one 
good set of joints, standing nearly vertical and running north about 80° east. The rift of the stone does not seem 
to have a very determinate direction, but approximates to a parallel with these joints. The grain is horizontal, the 
sheets become thicker at the bottom of the quarry, and run from 5 to 3 feet and lessin thickness. The stone splits 
well and straight.in any direction, and by drilling and wedging rectangular blocks are obtained. Both light and 
dark patches appear in the stone. 

The greatest defect of the stone, which causes considerable “grout”, is the frequent occurrence of red stripes 
or veins of red feldspar crossing the stone. Some of these stripes appear to be small, very tight seams, along which 
the stones have become sappy, giving the red color. Veins or dikes of fine red granite run through the quarry in 
one or two places; often the tongues running out from them are red on the outside and white inside, resembling the 
patches in appearance. This belt of red granite is locally thought to be continuous with that found at Red Beach, 
on the eastern edge of the county, and also to cross into New Brunswick and form the Macadare red granite, 
becoming redder toward the east. Wellington Brothers’ building, Boston, and the Hunnewell building, New York 
city, are among the buildings in the construction of which the Jonesboro’ red granite was used. 

The trap dikes in Washington county, furnishing white and black granite, properly a diabase or olivine 
diabase, are quarried chiefly for monumental purposes and shipped to New York city, Brooklyn, Boston, Washington, 
Montreal, and Quebec. It was used to some extent in the construction of the inclosure-walls of the Capitol grounds, 
Washington city, for a bank in Montreal, and extensively for monumental purposes in Greenwood cemetery, 
Brooklyn. Blocks 16 by 10 by 20 feet have been moved in the quarries, and natural blocks 90 by 10 by 15 feet oceur. 
Six miles southeast from Madison point, on Pleasant river, one of the principal quarries in this rock is located; 
it is a remarkably favorable location, being at the water’s edge, and the waste is easily used in extending the 
wharf. The stone is extremely hard and takes a good polish. The principal defects causing the waste stone are 
the so-called “knots”, consisting of irregular patches of very coarse, white feldspar, mixed with fine, large, black 
hornblende crystals; little seams also occasionally split off part of a block, but the stone usually presents a uniform 
surface, free from the frequent patches and other irregularities of ordinary granite. The stone seems to weather 
remarkably well for one containing so much hornblende. This quarry is called by the quarrymen a “block quarry ”— 
that is to say, the horizontal or concentric sheets of ordinary granite are few. There are two sets of vertical sheets, 
the best run due east and west and give blocks, as far as the quarry has been developed, from 15 feet down in length. 
There are also north and south vertical joints less perfect, but more frequent than the others. The rift or easiest 
splitting direction runs parallel to the east and west joints; the grain, or next easiest, north and south, while the 
lift or horizontal sptitting is hardest of all. Hence the natural blocks are appr pounately rectangular in shape. 
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Near West Sullivan, Hancock county, a light gray biotite granite, sometimes having a pinkish tint, is quarried 
for general building purposes, for paving and curbing, and is employed to some extent for monuments. The principal 
markets thus far have been Boston, New York, Brooklyn, Albany, Philadelphia, Washington, and other places on 
the Atlantic coast accessible by water transportation. Blocks 25 by 25 by 2 feet thick have been quarried; the 
sheets of stone vary from 6 to 3 feet in thickness and have a slight dip to the north. The rift of the stone is, as the 
quarrymen express it, ‘‘on the lift,” that is, horizontal or parallel to the sheets, and this is usually the case in the 
Sullivan graniteregion. The grainis vertical, running 8. 70° E., and has a remarkably straight and plane cleavage, 
so that the stone frequently comes outin long rectangular prisms. It may be said here that these beautiful cleavages 
are among the characteristics of the Sullivan granite and are of great advantage in making paving blocks, as the 
blocks are shaped from the material with ease, a few slight blows often sufficing to reduce the stone to a proper 
shape. There are also vertical joints running across the grain 8. 20° W. The principal defects are the black 
patches, and some of the stones have very thin seams called by the workmen “pencil-mark” seams, from their 
appearance; these are an element of weakness. 

A mile north of West Sullivan is located a typical sheet quarry, the sheets running from 2 to6 feet in thickness, 
having a very smooth almost plain though gently-curved surface, dipping slightly to the northwest. Vertical joints 
are few. ‘The rift is on the lift, or parallel to the sheets, and the grain is vertical. There are some large vertical 
joints running through the quarry; some of the quarrymen distinguish seams running across the grain obliquely as 
“orain” seams; seams oblique to the grain as “tight” seams, and certain seams coated with decomposed feldspar 
as ‘‘chalk” seams. There are several very large black inclusions seen in the granite. 

A quarry producing excellent splitting stock is situated three-quarters of a mile north of Sullivan. The sheets 
run from 7 down to 3 feet in thickness. There are some large vertical joints running northeast occasionally filled 
with trap dikes. The stone has a somewhat conchoidal fracture and shows the usual black patches. The rift is 
parallel to the sheets, and the grain runs east and west at right angles with the vertical jointing. 

Near Franklin, Hancock county, a light gray, massive, biotite granite is quarried for curbing, paving, and 
cemetery work. The principal markets are Boston and New York city. The texture of the stone is medium fine 
and porphyritic. Blocks 30 by 14 by 34 feet thick have been quarried. 

On Somes sound, 24 miles south of Somesville, Mount Desert island, Hancock county, a light gray, massive, 
biotite granite is quarried for general building purposes, bridge construction, and paving. The stone was used in 
the construction of the Brooklyn approaches and towers to the East River bridge, and in the arches and foundations, 
and the new bridges in Back Bay park, Boston. Blocks 150 by 50 by 18 feet thick have been loosened in the quarry. 
The position of the quarries on Mount Desert island is peculiarly good for shipping, as they lie near the head of 
Somes sound along a narrow and very deep fiord, running several miles inland from the southwest harbor, between 
the mountains. One of the quarries is situated on the side of a hill and at the water’sedge. The sheets of. stone 
are very thick in some cases, one being 18 feet in thickness. The sheets have a steep dip from the summit of the 
hill down to the water’s edge. There are a few north and south vertical joints or headings, usually not less than 60 
feet apart. The rift is on the lift of the sheets, and the grain as usual is parallel to the great north and soutk joints. 
In connection with the dip of the sheets away from the hill, considerations concerning the form of the granite hills 
of New England suggest themselves. It is held by some that these hills have been rounded into their present 
shape by ice, while others believe that their form is due to the structure of the granite. 

In Maine not only are the quarries of great extent and depth, and generally located on hills, but these are 
generally sufficiently bare of vegetation to conceal the outline. Many of the larger quarries of Maine are sheet 
quarries, and in every case where vertical joints are not present, breaking up the sheets to such an extent as to 
conceal their direction, the round form of the hill is plainly seen to be due to the gentle curve of the sheets. 

Two miles south of Somesville there is a granite quarry, the opening of which is yet shallow, and the sheets 
are consequently thin. The rift is on the lift and the grain is approximately east and west; the infrequent joints 
are mostly north and south. 

Near East Bluehill, Hancock county, alight gray, sometimes pinkish-gray, massive, biotite granite is extensively 
quarried for general building purposes and for paving. It has been used in the construction of the city hall 
(trimmings), the art gallery in Fairmount park, and the Pennsylvania Railroad bridge, Philadelphia ; in the East 
River bridge, New York city; the post-offices in Chicago and in Harrisburg; and the Thomas monument in 
Washington city. In texture the stone is medium-fine porphyritic. Blocks 90 by 80 by 6 feet have been moved 
in the quarry; a block of 80 tons was loosened and moved out some feet in one of the quarries. It is a compact, 
good, safe, and free-working stone, and takes a good polish. Specimens were tested at the centennial exhibition 
at Philadelphia which showed a crushing resistance of 108,000 pounds to a 2-inch cube. The quarrying here has 
been to a considerable extent done on the surface, although there are some large openings. The stone lies in sheets, 
often irregular, from 3 to 10 feet in thickness, and the jointing is sometimes irregular in many of the openings. In 
one of the quarries there are sheets 9 feet in thickness, though the usual thickness is from 4 to 5 feet. The stone 
contains a few black patches, the joints are not frequent, and their direction when present is east and west. 
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In another quarry the sheets are from 6 to 8 feet in thickness, the dip steeply southeast; the rift is east and 
west with the dip of the sheets, and the grain north and south. The vertical jointing is irregular; patches and 
occasional veins of white granite are present. At another opening the sheets reach a thickness of 20 feet; the 
long seams cut down through the mass, but are usually far apart. 

Near Deer island, Hancock county, a light gray, indistinctly-laminated biotite granite-is quarried for general 
building purposes, bridge construction, and paving. It has been used in the construction of the Broadway bridge, 
South Boston; base of columns of elevated railroads in Brooklyn; and grain elevator of the New York Central | 
railroad, New York city. Blocks 14 by 8 by 20 feet have been loosened in the quarries, and the dimensions of some 
of the natural blocks are as much as 150 by 15 by 15 feet. It is a compact, good, safe, and free-working stone, . 
and takes a good polish. The sheets in one of the quarries reach a thickness of 18 feet, though the usual 
thickness is from 6 to 12 feet. They extend into the hill nearly horizontally, and are intersected by occasional 
vertical joints. The rift here is vertical, running north and south, parallel to the joint; the grain at right angles, 
or east and west. 

In another opening the stone lies in very thick and broad sheets, nearly horizontal, with a slight dip toward 
the water; the sheets are from 6 feet downward in thickness, and are intersected by a few joints. The rift here 
runs north and south, and most frequent vertical joints also run north and south. | 

Another quarry in this vicinity lies in a steep hill, the slope running down to the water’s edge. Where they 
are now working the sheets average 3 feet in thickness, the maximum being 5 feet and the minimum 1 foot. The dip 
is very steep from the top of the hill to the water’s edye. There are few vertical joints; the rift runs best toward 
the top of the hill. At the north end of the quarry the sheets are horizontal, of great thickness, one being over 
20 feet thick, and having considerable length and width as well. 

In another of the principal quarries the sheets occasionally reach a thickness of 20 feet; the vertical joints 
have an east and west direction, and are found at intervals varying from 5 to 60 feet. 

A mile and a half south of Frankfort, Waldo county, a gray, massive biotite granite is quarried for general 
building purposes, bridge construction, monuments, paving, and polished columns. Itis sent as far as Mobile and 
New Orleans. It was used in the construction of East River bridge, New York; basement of the State, War, and 
Navy building, Washington city; art gallery at the centennial exhibition, Philadelphia; art museum, Central 
park, New York city; Saint Louis bridge across the Mississippi river; pedestal of the statue of Admiral Farragut, ° 
Washington city; forts Knox, Popham, George, Preble, Schuyler, Constitution, and other fortifications. The 
texture of the stone is coarse and porphyritic. Blocks 80 by 40 by 20 feet have been moved; a block of 30 tons was 
cutand shipped. Itis estimated that blocks 150 by 50 by 12 feet might be moved in the quarry. The principal quarry 
is situated on mount Waldo, overlooking the Penobscot river, and at an elevation of some 320 feet above high tide. 
It is a situation allowing of easy disposition of the waste; the stone lies in immense sheets dipping off from the 
mountain, varying in thickness from 1 foot to 20 feet, the usual thickness being from 4 to 5 feet. The quarry is 
traversed by frequent head joints running S. 75° H., but there are comparatively few joints at 90°. 

The rift is on the lift, or parallel to the sheets; the grain runs 8. 75° H., or parallel to the headings. Two 
varieties of stone are obtained—coarse and fine; the local impression is that a belt of fine granite runs through 
the coarse prevailing granite. This stone was used in the construction of many of the eastern forts before the late 
war, but a year or so of the war demonstrated the comparative inferiority of stone for this purpose and caused the 
building of stone forts on the Atlantic coast to be discontinued, and the business of several of the Maine quarries 
was for a while diminished through this cause. 

Near Prospect, Waldo county, a gray, massive biotite granite is quarried to a limited extent for street work, 
basin heads, platforms, and bridge construction. It was used in the construction of the railroad bridge at Bangor, 
and in the East Boston dock. The texture of the material is rather coarse; the stone lies in sheets, and the rift is 
on the lift; there are two sets of joints. Blocks 6 by 4 by 4 feet have been shipped, and blocks 30 by 35 by 10 feet 
might be moved in the quarry. 

Near Swanville, Waldo county, gray biotite granite is quarried for cemetery work, paving, platforms, and 
columns. The principal markets are New York city, and Boston and Quincy, Massachusetts. It was used in the 
construction of a soldiers’ monument at Buffalo, New York. Blocks 20 by 9 feet by 1 foot and 10 by 10 by 2 feet 
have been cut, and blocks 40 by 20 by 2 feet might be moved. The stone here is uniform in texture, free from 
blemishes, and is a compact, good, safe, and free-working stone, taking good polish, and lies in regular sheets 
varying in thickness from 1 foot to 4 feet. The quarry is located on a hill, and has not as yet been developed to 
any great depth. The rift is vertical, and runs north and south, the grain east and west; the vertical joints cut 
through the quarry east and west parallel to the grain. 

At Lincolnville, Waldo county, about 6 miles west of Camden, a very light gray, massive muscovite-biotite 
granite is quarried to a limited extent for underpinnings and local stone-work generally. Thus far it has been used 
only in Camden and vicinity. Blocks 12 by 2 by 6 feet have been quarried; blocks 50 by 25 by 6 feet might be 
moved. This stone has a good appearance, is uniform in texture, and is a good, safe, and free-working stone, taking 
good polish. It does not lie in sheets, but rather in blocks. There are frequent vertical joints in one direction. 
The rift is vertical and about parallel to the vertical joints. The quarry lies near the base of a mountain near 
Camden, but it is small and not worked regularly. 
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The extensive quarries at Vinal Haven, in Knox county, produce granite for general building purposes, 
monuments, and paving. It was used in the construction of the East River bridge; half of the Masonic temple, 
Philadelphia; Sailors’ Snug Harbor, Staten island; half of the railroad bridge at Saint Louis; basement of the 
State, War, and Navy departments, Washington; custom-house and post-office, Cincinnati; polished work in Chicago 
court-house and city buildings; part of polished work in Philadelphia city buildings; a portion of the basement 
and quadrangle of the Patent Office building, Washington city; the Butler monument at Greenwood Cemetery 
mausoleum; and smaller monuments in various parts of the country. The color of the predominating material in 
these quarries is light gray; the texture is medium coarse. Thereis a dike of trap in one of these quarries, producing 
what is locally called “black granite”, and used to some extent for building material. In what is known as the 
Harbor quarry the rift is very good, and is vertical, having a direction east and west; thereis avery frequent vertical 
jointing in this same direction, giving long, narrow blocks; north and south joints are less frequent. The sheets 
vary from 3 to 8 feet in thickness, and immense masses of stone entirely free from joints occur. 

The Sands quarry, adjoining the Harbor quarry, is bounded by two sets of great vertical head joints, running 
respectively northwest and southeast, and the easiest rift is vertical, parallel to these joints. In the center of the 
quarry there are not many joints ; the sheets average from 4 to 5 feet in thickness, but some are 7 and 8 feet thick ; 
they have a slight dip west, with quite smooth surfaces. The obelisk sent from this quarry to serve as a monument 
to General Wool, at Troy, New York, is said to be the largest quarried in modern times. Its dimensions are 60 by 
5 by 55 feet. Four long blocks were quarried before a satisfactory one was obtained; one of these lies on exhibition 
near the quarry. Natural blocks 240 by 32 by 8 feet can be seen in the quarries. Occasional black micaceous 
patches occur in the stone, which, together with vertical dikes of light-colored stone, constitute the principal 
defects seen. The East Boston quarry is a sheet quarry of fine-grained stone, the sheets running from 2 feet 
downward, and dipping slightly east. The rift is horizontal; some long east and west head joints traverse the 
quarry, but between these the jointing is irregular. The stone has been most used for paving and platforms. ' 

In a quarry at Duschane there are vertical joints running regularly through the quarry at intervals of from 5 to 
10 feet, in an east and west direction, and, as the grain of the stone or next easiest rift runs north and south, the 
blocks come out in rectangular shape. The rift is vertical and parallel to the east and west joints. The hardest 
splitting direction is on the lift, or parallel to the sheets, and the sheets are irregular. In one case the vertical 
thickness is 12 feet. The material has a pleasing appearance and is now used for polished work. 

In the town of Vinal Haven there is a very small granite quarry, in which the structure of the stone is such 
as to be a very convenient source of paving material. The stone is extremely good, occurring in regular sheets of 
from 1 foot to 3 feet in thickness and nearly horizontal. There are occasional black patches; some long east and 
west vertical head joints bound the quarry, and there are also a few north and south joints. The peculiarity of the 
stone is its beautiful and even rift, and paving blocks may be shaped from it by a few blows of the hammer. 

At Hurricane island, three miles southwest of Vinal Haven, a dark gray granite, sometimes having a pinkish 
tint, is quarried for ordinary building purposes, monuments, columns, and paving, and has about the same markets 
as the other Vinal Haven quarries. The stone was used in the construction of the following buildings: All 
the superstructure of the new post-office and custom-house, Saint Louis; the basement of the new city hall, 
Providence, Rhode Island; superstructure of the post-office at Fall River, Massachusetts; polished columns of the 
Chicago city hall and court-house; portion of the Indiana state-house, Indianapolis; Douglas’ tomb, Chicago, 
and numerous monuments at Saint Louis. The structure of the stone differs in different parts of the quarry. 
In one portion it lies in comparatively thin sheets, while in another there occur immense masses of solid stone 
extending 50 feet downward without any perceptible jointing. A block of 80 tons has been moved, and a shaft was 
produced 23 feet 6 inches by 3 by 3 feet, when dressed, and a mass 80 by 40 by 25 feet was loosened in the quarry, 
and natural blocks 500 feet long, 20 feet wide, and 50 feet deep occur. The east rift runs east and west, while the 
grain or next easiest splitting direction is horizontal. The principal joints run east and west, but there are 
occasional north and south joints. 

Three miles north by west from Vinal Haven granite similar in appearance to the Hurricane Island 
granite is quarried for similar purposes. It is used to some extent in the construction of the Brooklyn bridge, 
Chicago post-office, and the Raymond jail, in Brooklyn. It is a very superior sheet quarry; the stone lies in very 
smooth, slightly-curved sheets, having a thickness from 5 feet downward, averaging 3 feet. The sheets have a 
gentle dip to the west, or toward the water. Vertical joints are found in either direction, and the sheets are 
smooth, so that the stone is eminently fitted for large platforms. The rift is on the lift; the principal defects are 
patches, which occur occasionally. 

At Muscle Ridge plantation, Dix island, Knox county, a dark gray granite was, until recently, quarried for 
general building purposes and ornamental work, but the quarry is not at present operated. Among the buildings in 
the construction of which this stone was used are the New York post-office and custom-house, docks at Castle Garden, 
and retaining-walls for basin and barge office, New York city ; Densmore fort, Hyde Park, New York; Philadelphia 
post-office; Treasury building (extensions), Washington city; and basement of custom-house, Charleston, South 
Carolina. Nearly the whole of Dix island has been quarried over, large bluffs having been entirely removed, and 
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Jeep excavations contain over 50 feet of water. The rift of the granite here is on the lift, the jointing irregular. 
Blocks 17 by 17 feet, and of varying thickness, sometimes weighing as much as 72 tons, have been quarried ; 
natural blocks 25 by 25 by 15 feet may be seen in the quarries. The stone is coarse, porphyritic, and indistinctly 
laminated or massive. Specimens dressed at the National Museum proved to be of more than usual hardness and 
took a good polish. Steam-drills are employed in the quarrying. . 

At South Thomaston, Knox county, at Spruce Head island, 8 miles from Rockland, a dark gray granite is 
quarried for general building purposes, bridge construction, and for monumental work in the cities throughout the 
country. Among the structures in which this stone has been used are the Albany, New York, post-office (first 
story); post-office and court-house at Atlanta, Georgia; forts at Portland, Maine; in the East River bridge, New 
York, and in the Philadelphia city buildings. 

One of these quarries at Spruce Head, known as the Bodwell quarry, which has furnished so much building stone 
to the coast of New England, is in the form of an excavation, commenced at the water’s edge and pushed far into 
the hill, where it reaches a great depth. It is a sheet-quarry, the sheets increasing in thickness downward, and 
the thickest ones now exposed are from 9 to 10 feet in thickness, and show superb masses of stone. The sheets 
incline slightly away from the hill with gently-undulating surfaces. There are few vertical joints, almost the only 
ones having a north and south direction, and the east and west headings run through the quarry, forming the 
boundaries on some sides. The rift of the stone is vertical, and east and west, nearly parallel to the head joints. 
The Spruce Head granite has established a good reputation for its quality of resisting weather exposure and 
retaining its color. The greatest defects have been the black patches which are conspicuous on a bushed surface. 
There seem to be fewer of these patches in the present deep sheets. 

The Sawyer quarry, adjoining the preceding, is similar. The stone lies in very regular and nearly horizontal 
Sheets, varying from 3 to 12 feet in thickness. There are few vertical joints; but there are two sets of large head 
joints running respectively north and south and east and west. The rift here is reported as being horizontal, or on 
the lift, which, if true, is remarkable, since it is vertical in the quarry immediately adjoining. 

In the Jameson quarry the stone lies rather irregularly in sheets. There are nearly vertical north and south 
joints; also east and west seams, to which the rift is parallel. The stone has very few blemishes, and specimens 
dressed at the National Museum were compact, safe, and free-working stones, taking a good polish. The quarry 
is drained by means of steam-power, and steam polishers are used in dressing. 

Near Saint George, Knox county, there are granite quarries extensively operated for general building purposes, 
monuments, columns, and paving. The following are among the structures in which the stone has been used: 
Butialo city hall; United States custom-house and post-office, Hartford ; national bank, Albany; government 
storehouse at League Island navy-yard, Philadelphia; entrance to Chicago post-office; entrances to Utica, New 
York, post-oftice ; Albany post-office and custom-house (above the first story) ; MceClintock’s building (trimmings), 
Pittsburgh; pedestal of the La Fayette monument, Union square, New York city; post-office and custom-house at 
Portland, Maine. This stone is of comparatively fine texture and is sometimes indistinctly laminated. It is a free 
and safe working stone, taking a good polish. Blocks 30 by 12 by 8 feet have been loosened and moved in the 
quarry, and natural blocks 75 by 60 by 6 feet exist. 

Of the three principal quarries the Long Cove quarry has large parallel joints traversing it S. 70° EB. from top to 
bottom at intervals of from 1 foot to 20 feet, and there are sheets of greater or less depth, so that natural blocks have 
a somewhat rectangular form. The grain is parallel with these joints. The hoisting is done by steam, dressing by 
hand, and steam polishing-machines are used in dressing. 

In the Clark’s Island quarry the arrangement of the stone is in sheets from 6 inches to 15 feet in thickness. 
The sheets have a gentle and sometimes slightly irregular dip toward the water and away from the crest of the 
hill. The easiest splitting directions are horizontal and parallel to perfectly vertical joints, which traverse the 
quarry at intervals of 6 feet and upward. 

In the Wild Cat quarry the sheets are thin and rather irregular. There are south and east vertical joints, and 
the rift is parallel to them. 

Four miles east of Saint George there is a quarry which was opened in 1879. Blocks 20 by 10 by 7 feet have 
been moved in the quarry, and natural blocks about 90 by 30 by 6 feet exist. The granite in the Saint George 
quarries varies from a light gray biotite granite to a hornblende-biotite granite, which is usually darker in color 
than the other. Hoisting is done by steam, and cutters, polishing-machines, and circular saws are used in dressing. 

One and a half miles west of Waldoboro’ is a small quarry the product of which has been used in small 
quantities in the neighboring towns for underpinnings, steps, posts, bases, and to a limited extent for cemetery 
work. The stone lies in moderately regular sheets varying from 2 to 7 feet in thickness. The rift is horizontal and 
the grain runs northwest. The quarry is quite free from vertical joints and could be made to yield large masses of 
Stone. Blocks 40 by 10 by 4 feet have been loosened, and blocks of perhaps 100 by 30 by 3 feet exist in the quarry. 
The stone is a fine-grained, indistinctly-laminated biotite granite. 

At Jefferson, Lincoln county, 9 miles north of Butter Neck bridge, on the Knox and Lincoln railroad, there is a 
quarry operated to a limited extent chiefly for monuments and cemetery work. The dressing and polishing of the 
stone are done at Waldoboro’, by water-power, and the material is transported to this place by water. Although | 
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called granite commercially, it is more properly a muscovite-biotite gneiss, of a light gray color and fine in texture. 
Blocks 10 by 20 by 2 feet have been quarried, and natural blocks as large as 20 by 10 by 2 feet are found in the quarry. 

Half a mile east of Round Pond and 9 miles south of Damariscotta, Lincoln county, granite is extensively 
quarried for monumental and for building purposes. Among the structures in which the stone was used are the 
Seventh Regiment armory, New York city, and several monuments to Admiral Parrott in New Hampshire. The 
stone in this quarry for 20 feet down is much broken by joints and sheets from 1 foot to 2 feet in thickness. There 
are frequent vertical joints having a southwest direction, and others at right angles with these occur, but are less 
frequent, and the grain of the stone is parallel to them. The rift is on the lift, or horizontal. A large dike crosses 
the quarry parallel to the southwest joints, and large veins of granite coarser in texture than the predominating 
material occur. The most common rock of this region is gneiss, which outcrops in straight parallel lines after the 
manner of roofing slate. The gneiss is very curiously interbanded with a massive or gneissoid granite. This is 
illustrated in the quarry where bands of contorted gneiss, worthless for building purposes, run to the surface at a 
steep angle in the massive granite quarried. The quarry is so broken up by the irregular sheet-joints and 
mineralogical accidents that the waste of stone has been very great, and but few large blocks can be quarried at 
present. The dimensions of the largest block quarried here are 15 by 2 by 2 feet, but blocks about 6 by 6 feet 
by 1 foot 6 inches may now occasionally be obtained. The material is a dark gray biotite granite, and is a compact, 
free-working stone, taking a good polish. 

Near Augusta, Kennebec county, granite is quarried largely for local use, but some is shipped to New York, 
Brooklyn, Philadelphia, Boston, and Chicago. The following are some of the structures in which it has been used: 
The United States arsenal, Cony academy, and a Unitarian church in Augusta, and the Old South church in 
Hallowell; Mills’ building, corner Broadway and Exchange street, and a monument to Recorder Hackett, New 
York city; Roberts’ tomb in Woodlawn cemetery, Long Island; Wood’s tomb, Greenwood cemetery, New York. 
The material is a gray muscovite-biotite granite, massive and of fine texture, is a compact, safe, and free-working 
stone, and takes a good polish. Blocks 40 by 9 by 24 feet have been loosened; blocks 20 by 24 by 24 feet have 
been dressed and shipped, and natural blocks 100 by 30 by 7 feet are found in the quarry. 

In a quarry 2 miles west of Augusta the stone lies in sheets from 9 feet in thickness downward; east and 
west head joints traverse it, and the rift is horizontal. 

In a quarry 1 mile west of Augusta the rift is on the lift, the grain vertical, having a northwest direction, and 
the material lies in very regular sheets, usually not over 24 feet in thickness. 

Half a mile to the eastward of this the stone resembles that at Hallowell, and lies in sheets of 1 foot in 
thickness, with northwest vertical joints. 

Near Hallowell, Kennebec county, is a well-known quarry, producing granite very extensively for monuments, 
columns, trimmings, and general building purposes. Among the structures in which this stone was used are the new 
capitol, Albany, New York; the Bank of Northern Liberties, Philadelphia; the state capitol and Allen block, 
Augusta, and the Emery block, Portland, Maine; Odd Fellows’ Memorial hall, Equitable building, and part of the 
old Quincey market, Boston; Ludlow Street jail, the Tribune building, and the old Tombs prison, New York city; the 
statues of the Pilgrims’ monument, Plymouth, Massachusetts, said to be the largest statues in the country; the 
soldiers’ and sailors’ monument, Boston, and soldiers’ monuments at Marblehead, Massachusetts, Portsmouth, Ohio, 
and Augusta, Boothbay, and Gardiner, Maine; Odd Fellows’ monument, Mount Hope, Boston; monuments to 
General Stedman, Hartford, Connecticut, and Stephen A. Douglas, Chicago, Illinois; the Riley monument, Buffalo, 
New York; Cowan monument, Lewiston; Allen Lombard monument, Augusta; Lyman Nichols’ monument, Auburn ; 
Swazey monument, Bucksport; Mitchell monument, Gardiner; Fuller monument, Hallowell, and Meady pedestal 
and statue, Pittston, Maine; Tenney monument, Methuen, Massachusetts; Washington Artillery monument and 
Hernandez tomb, New Orleans, Louisiana. 

In this quarry tbere is no sap on the sheets, or at most a very thin film; there are few vertical joints, and 
the surface of the sheets is smooth and level, while the stone is remarkably free from black patches, those 
occurring in the quarry becoming smaller in going down. The sheets increase in thickness downward, and are about 
1 foot at the top and 10 feet in thickness at 50 feet from the surface. The sheets have a gentle dip to the north. 
At certain intervals there occur long vertical joints or headings cutting vertically down through the quarry, 
having an east and west direction, but north and south joints are rare. There are occasional quartz masses in the 
stone. The rift is horizontal; the grain east and west or parallel to the main seams. Sheets having level surfaces 
36 by 34 by 9 feet deep have been loosened, and natural blocks about 200 by 40 by 9 feet deep are found in the quarry. 
The material is white or rather very light gray muscovite-biotite granite, and is often indistinctly laminated. 

At Wayne, Kennebec county, a coarse, massive biotite granite is quarried to a limited extent for cemetery and 
general building purposes. The market is local only, the stone being used chiefly at Lewiston and Auburn. It 
was used in the construction of the Free-Will church, Continental mills, and county buildings, Lewiston. The 
jointing is irregular. Blocks 12 by 12 by 10 feet have been moved, and there are natural blocks about 40 by 15 by 
10 feet. It is a safe, free-working stone, and takes a good polish. 
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Near Canaan, Kennebec county, granite is quarried to a limited extent for underpinnings, and is used chiefly 
at Waterville, Canaan, and Skowhegan, Maine, and at Newport and vicinity. The underpinnings of the churches 
in Skowhegan are of this material. The stone lies in very regular sheets from 1 foot to 2 feet in thickness. There 
is a very convenient rift, but there are many patches. It is a dark gray biotite granite, rather coarse in texture 
and indistinctly laminated. It is a safe and free-working stone, taking a good polish. 

Near Norridgewock, Somerset county, there are quarries producing granite extensively for general building 
purposes, foundations, and monuments, and to some extent for polished work. Among the buildings in the 
construetion of which the material was used are the following: Stone-work of the Goff block, Auburn; Dunn block, 
factory, and bank in Waterville; residence of Captain Holland, Lewiston; Coburn hall, Skowhegan; High Street 
church, Skowhegan; business block in Dexter, and Langley’s monument, Lewiston. The principal quarry lies on 
the top of a hill; the stone is in sheets of from 2 to 4 feet in thickness. The main seams have an east and west 
direction, and north and south seams are rare. The rift is horizontal. Blocks 30 by 25 by 7 feet have been 
loosened in the quarry, and natural blocks 150 by 12 by 4 feet can be seen. 

At North Jay, Franklin county, granite is quarried for general building purposes and for railroad construction. 
It has been used in the construction of factories in Lewiston, chiefly for trimmings, and by the Maine Central 
railroad. It lies in sheets generally quite thin, from 1 foot to 2 feet in thickness, but the excavations thus far are 
not deep enough to display the jointing very well. The stone is a fine gray muscovite-biotite granite. Blocks 10 
by 4 feet by 16 inches have been cut, and blocks 70 by 12 feet by 6 inches have been loosened in the quarry. The 
stone works well and takes a good polish. 

Four miles east of Chesterville, Franklin county, granite is quarried to a very limited extent, chiefly for 
underpinning, and is used locally. The underpinnings of some of the houses in Farmington are of this stone. It is 
medium fine-grained, and occasionally porphyritic, indistinctly laminated, lies in very regular, smooth sheets, and 
varies from 1 foot to 5 feet in thickness; long east and west joints traverse the quarry at intervals; other joints 
are very rare; the rift is horizontal and remarkably good. There are few patches, but quartz and feldspar veins 
disfigure the stone to some extent. It is a good working stone, splits readily in the direction of the lamination, 
and takes a good polish. Blocks 20 by 3 by 4 feet have been moved, and natural blocks about 100 by 35 by 5 feet 
are found in the quarry. 

Three-quarters of a mile east of Bryant’s Pond station, on the Grand Trunk railway, in Oxford county, there 
is a quarry operated by the railroad for its own construction. It was used in the construction of the Bacon Falls 
bridge near West Paris. The stone lies in rather irregular sheets, generally from 2 to 4 feet in thickness; 
there are frequent joints having an east and west direction, and dikes parallel to these joints bound the quarry on 
two sides. The rift is on the lift, the grain vertical and parallel to the jointing. Quartz and feldspar veins are 
frequent; some patches occur. Blocks 9 by 2 by 2 feet are the largest that have been shipped from this quarry; 
blocks 60 by 10 by 7 feet have been started by blasting; there are natural blocks in the quarry 75 by 20 by 4 feet. 
It is a dark gray, indistinctly-laminated biotite granite, is a safe and free-working stone, and takes a good polish. 

Three and a half miles south of Turner, Androscoggin county, there is a quarry producing granite for general 
building and cemetery work, and used chiefly at Lewiston, Auburn, and vicinity. It was used in the construction 
of the Lewiston dam, the Episcopal church, Lewiston, and in the Phenix block, Auburn. The stone lies in sheets 

of from 1 foot to 6 feet in thickness; the principal joints run northeast, and the grain is parallel to them. The rift 
is quite good, and is horizontal or in the lift. There are occasional patches in the stone, and white stripes are quite 
frequent. In producing the material for monumental work these defects cause considerable waste. Blocks 9 by 
6 feet by 8 inches have been quarried. It is a dark gray biotite granite, is a good and safe working stone, and 
takes a good polish. 

Two and a half miles south of the dip in Brunswick, Cumberland county, granite is quarried to a limited extent 
for underpinning and wall work, used at Brunswick, Harpswell, Topsham, and Bath. It was used to some extent 
in Denison’s block, in Brunswick, and in the foundation of Memorial hall, Bowdoin college; Parish church, Portland; 
Bowdoin College chapel, cotton factory at Brunswick, Exchange building at Bangor, and paper-mill at Topsham. 

Memorial hall, Bowdoin college, is quite a large stone structure, with two tall towers, in Norman style of 
architecture. The stone has stood exposure to the weather very well, but from the use of inferior mortar is greatly 
disfigured by white efflorescences running down from between the stones. The material itself has a uniform color 
aud the appearance of a quartz in color and splinty cleavage. The mica gives it a glittering appearance, even 
when seen at a distance. Blocks 40 by 2 feet by 8 inches have been moved, and natural blocks of about 70 by 2 
feet by 1 feot are found in the quarry. The stone is a light gray, massive biotite granite, and is a good, safe, free- 
working stone, taking a good polish. 

A few miles south of Pownal Centre granite is quarried for monuments, general building purposes, and street 
work, and to some extent for columns and polished cemetery work. Paving blocks are sometimes shipped to 
New York city. The following are some of the buildings in the construction of which the material was used: 
Gorham normal school; a section of the Lewiston dam; in the lower Lewiston bridge, and the trimmings and 
foundations of factories there; the stone-work of the Lewiston and the Portland water-works; a portion of the 
Yarmouth bridge, in Maine, and the larger part of the lower story of the new capitol at Albany, New York. 
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Tn one of the quarries the sheets vary from 6 inches to 2 feet in thickness; the rift is on the lift, grain east and 
west. No sap on the sheets except on the joints, which have an east and west direction, and a dike crosses the 
quarry parallel to them. 

In another quarry the sap is quite thick on the surface of the sheets, remarkably so compared to other quarries 
in the vicinity, but on the lower sheet it is almost nothing. The sheets are usually less than 5 inches in thickness 
at the top; the rift is horizontal, the grain has a northeast and southwest direction, the sheets dip east, and great 
head joints run northeast and southwest through the quarry, though but few of them appear. The stone is quite 
free from defects. Dikes cross parallel to the headings. 

Near Biddeford, York county, granite is quarried for general building purposes and cemetery work, and to some 
extent for polished columns. It has been used in the construction of sea-walls at Gallup island, point Alton, Long 
island, and Boston harbor; in the Cross Ledge light-house; the foundation of the new railroad elevator, Jersey City; 
fine building on Broadway, New York city, in which the material is carved and polished; forts Preble, Scammel 
and other forts in Portland harbor, and in numerous breakwaters along the coast; supports of the columns, ip 
part, of the Brooklyn elevated railroad; outside structure of the monument to Abraham Lincoln, Springfield, 
Illinois; Boone Island light-house, Maine; Whalesback light-house, in Portsmouth harbor, and Cochecho mills, 
Dover, New Hampshire, and new docks in North river, New York city. 

In one of the quarries great seams and occasionally a dike parallel to them traverse it in a northeasterly 
direction, dipping steeply east, and being perpendicular, with a thickness of 12 feet or less. There are also large 
joints crossing at right angles in sheets, so that the blocks are irregular in shape. The material contains the 
usual patches of the Biddeford granite. 

In another of the principal quarries frequent northeast and southwest seams traverse it with a steep dip to the 
east, and run through the quarry from top to bottom, and other, though much less frequent, seams at right angles 
tothese. The stone consequently lies in parallel sheets, dipping steeply, and occasionally so cut by the cross-seams 
as to be inrhomboidal blocks. The rift is vertical and oblique to both sets of joints. There are black patches. 

Adjoining this quarry is another one having very much the same conditions, but there are long, nearly vertical, 
northeast and southwest seams cutting through the quarry. The rift is oblique to either set of joints. The grain 
or next easiest splitting direction is horizontal, and the hardest splitting direction is parallel to the main northeast 
and southwest joints, which is very unusual. There are some horizontal joints also, so that much of the jointing 
is irregular. In some new openings in the vicinity there are two sets of long joints similar to those described in 
the preceding, and the stone lies more in horizontal sheets than in the other quarries; these sheets are from 1 foot 
to 7 feet in thickness. The rift is vertical and oblique to the two sets of joints. The material is a gray biotite 
granite, is a compact, safe, and free-working stone, and takes a good polish. 

Between Kennebunkport and the Boston and Maine railroad, in York county, granite is quarried to a limited 
extent, chiefly for underpinning, and used at Kennebunkport, Saco, and Biddeford. The stone lies in sheets about 
4 feet in thickness and in regular shape; it contains patches and white feldspar streaks. Blocks 15 by 2 feet by 
6 inches have been quarried for underpinning. There are natural blocks 75 by 30 by 4 feet. Itis alight gray biotite 
granite, coarse in texture, and massive. 

From 7 to 10 miles north and northwest of Kennebunkport there are quarries producing granite for general 
building purposes, polished columns, monuments, and cemetery work. Among the structures in which the stone 
was used are the Creshore works at Portsmouth, and the vault of a bank at Exeter, New Hampshire; Newburyport 
Savings bank and a Catholic church; and the foundation of the Boston Bridge Company’s building, Cambridge, 
Massachusetts. 

In one of the principal quarries the stone lies in rather irregular sheets and is irregularly jointed. The sheets 
vary in size, one being from 9 to 12 feet in thickness. The most prominent joints run southeast, and the rift is 
parallel to these, though not well defined in any direction. There are occasional patches. In another one of the 
quarries the sheets are not well marked, and the stone lies between great headings running N. 50° E., and dipping 
steeply to the westward. The rift is vertical.and at right angles to the course of the headings. There are few 
patches. 

In another quarry the stone lies in sheets varying from 5 to 9 feet in thickness. The principal vertical joints 
run southwest through the quarry at intervals, and there is a dike crossing it parallel to these joints. There are 
also some large headings at right angles to these. ‘The rift is vertical and parallel to one set of headings. 
Patches are few. Blocks 18 by 20 feet by 20 inches have been quarried, and there are natural blocks of 50 by 80 
by 12 feet. The stone is a gray biotite granite, massive, and coarse in texture. 

Four miles southeast of South Berwick, York county, granite is extensively quarried for general building 
purposes and cemetery work. The following are some cf the structures in which it was used: Stratford Company’s 
house, near Dover, New Hampshire; stone-work of the Cunningham shoe factory, and a large tomb in the cemetery 
at South Berwick, Maine. This quarry has not been sufficiently developed to show the jointing, which at present 
seems very irregular. The stone is free from patches and the rift is horizontal. 
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NEW HAMPSHIRE. 


[Compiled mainly from notes of Professor C. H. Hitchcock.] 
GRANITES. 


At Plymouth, Grafton county, a massive, gray biotite granite is quarried for general building purposes, culverts, 
and monumental work. The culverts of the Boston, Concord, and Montreal railroad are built of the Grafton 
granite. Natural blocks 20 by 15 by 10 feet are found in the quarry, and the material of the stone lies in horizontal 
sheets from 2 to 10 feet in thickness. 

At Lebanon, Grafton county, the granite, properly a biotite-epidote enelss, is quarried for general building 
and cemetery ie The principal markets are Lebanon and Hanover, Vermont. Natural blocks 10 by 10 by 
40 feet are found in the quarry. There are obscure signs of stratification, and dips about 70° northwest. All the 
quarries here show the same features of dip. The workable granite is in horizontal sheets, and the workmen follow 
the material horizontally into the hill. The joints dip 70° easterly ; one or two have a southeast direction. The 
rift is horizontal. (See Geological Report of New Hampshire, Vol. II, p. 355: “ Inverted Dip.”) 

At Hanover, near Enfield village, Grafton county, a gray, massive biotite granite is quarried for general 
building purposes. The principal market is Hanover, New Hampshire. The stone lies in sheets varying from 6 
inches to 9 feet in thickness. It is coarse in texture and not susceptible of a good polish. Natural blocks 200 by 
12 by 9 feet are found, and blocks 23 by 9 by 8 feet have been quarried. Discolored joints are found at all depths 
to which the stone is yet been quarried. 

At Rumney, Grafton county, a gray, massive biotite granite is quarried for monumental and building purposes. 
The stone was used in the construction of the Franklin monument at Plymouth. It lies in horizontal sheets, and 
the largest natural blocks are 20 by 5 by 5 feet. It is pronounced by Professor Hitchcock to be of the same horizon 
(Montalban) as the Concord granite. 

At Sunapee, Sullivan county, a massive, biotite-muscovite granite is quarried for monumental and building 
purposes, and is used principally at Newport and Claremont. There are two principal varieties as to color, a light 
eray and a dark gray. The sheets have a dip of 25° west. Of the two kinds of granite which have been protruded 
through the porphyritic gneiss at this place black granite is the oldest, which is known from the fact that pieces 
of it are found in the light-colored granite. This light granite is really the equivalent of what, in Professor 
Hitcheock’s report on New Hampshire, is called the ‘‘Upper Bethlehem”, but he pronounces it an eraptee granite. 
Dr. George W. Hawes, in his first catalogue of lithology for New Hianeehirs calls this black granite a mica schist. 
The black granite has the usual appearance of an erupted mass; the ledge of white granite does not reach 100 feet 
in width, therefore the quarry is limited though well situated. The seam of epidote lies between the two granites. 
Both varieties are compact, good, and safe stones to work, and take a high polish. 

At West Concord, Merrimack county, a massive, gray biotite-muscovite granite is quarried for general building 
purposes and cemeteries. Among the prominent buildings in which the stone was used are the Horticultural 
hall, Security bank, the city hall, and Masonic temple, Boston; the Philadelphia city and county building (part), 
and the Massachusetts state prison, and the Herald building, Boston. 

At Concord a massive biotite-muscovite granite is quarried for monumental and building purposes. Among 
the prominent buildings in the construction of which this stone has been used are the Life Insurance Company’s 
building, Boston; monument to the discoverer of anesthetics, at Public garden, Boston, and the Cadet monuiment 
Mount Auburn cemetery, Cambridge, Massachusetts; soldiers’ monument, Concord, Massachusetts; Charter Oak 
Insurance building, Hartford, Connecticut; Jordan & Marsh’s building; soldiers’ monument at Manchester, New 
Hampshire; Equitable Life Insurance and Germaria Savings Bank buildings, and the city hall and Horticultural 
hall, Boston, Massachusetts. It is a good, safe, and free stone to work, and takes a high polish. For commercial 
purposes this granite is divided into four classes: 1st, the best for monumental work; 2d, the next best for 
general building purposes, where one good face is sufficient; 3d, second quality of stock, including much of the 
underpinning for ordinary dwelling-houses, steps, capping for walls, and hitching posts; 4th, foundation stones, 
piers, and abutments, and other uses in which uniformity of color is not desired. 

Some of the principal quarries are situated on what is known as Rattle Snake hill, which elevation consists 
almost wholly of a granite formation. The stone on the south side is very light colored; that on the north side is 
darker. The elevation is 600 feet above the Merrimack river, and the distance from the river to the crest of the hillis 
2 miles. The surface of the rock is polished down by glacial action as smooth as an earthen plate. There are 
some patches of a darker color than the prevailing material, some of which are 18 inches in diameter. Masses of 
quartz from 1 inch to 6 inches in diameter occasionally occur in the stone. The riftinclines to the west about 1 inch 
to the foot, and the grain is vertical, having a north and south direction. There are also some joints having a 
southeast and northwest direction crossing the regular east and west joints. In one of the principal quarries on 
the east side of the hill the stone fractures best with an east and west line. 

Oak hill is a similar elevation to Rattle Snake hill, and is also a granite formation, but the material is usually 
coarser and more broken. Dikes running through the hill cause variations in the structure of the mass. 

A massive, gray biotite-muscovite granite is quarried at Allenstown, Merrimack county, for general building 
purposes and cemetery work. The natural advantages of this quarry are of the very best, and few of the New 
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Hampshire quarries are better situated for drainage, size of sheets, availability, and convenience to railroad and 
markets. It is on the Concord railroad, midway between Concord and Manchester. The material is of medium 
fine texture, and is jointed horizontally and vertically. There are natural blocks 80 by 20 by 10 feet. 

At Durham, Strafford county, a massive, gray biotite granite is quarried for foundations and for flagging. It 
was used in the foundation of Sawyer’s mill, and most of the buildings in Dover, and is transported by boat and 
wagon. It is coarse in texture, and isa good and safe stone to work, taking a good polish. It liesin sheets of from 
6 inches to 2 feet in thickness, inclining to the west. There are natural blocks 20 by 15 by 4 feet in thickness. It 
lies at the horizon called by Professor Hitchcock ‘‘ Exeter syenite”. 

At Raymond, Rockingham county, a pinkish-gray, indistinctly-laminated biotite granite is quarried for general 
building purposes and cemetery work. The principal markets are the large towns in the neighborhood. The 
stone was used in the foundations of the custom-house at Portsmouth. The texture is medium fine, and has a 
jointing similar to the granite quarried at Manchester. Blocks 24 feet Square have been'quarried. This granite 
works well and takes a good polish. Professor Hitchcock reports this stone as weak and not likely to be much used 
save where good stone is scarce, as in the lower part of New Hampshire. 

At Peterborough, Hillsborough county, a light gray, laminated muscovite-biotite granite is quarried for 
general building purposes and curbing. The principal markets are Worcester, Lowell, and Lawrence, Massachusetts. 
This stone is sometimes called a gneiss from its distinctly-laminated structure; it would perhaps be more proper to 
term it a gneiss than a granite. It splits readily in the direction of the lamination and takes a good polish. The 
texture is coarse, and the sheets incline 70° to 75° west. Blocks 28 by 6 by 10 feet have been quarried, and natural 
blocks 36 by 6 by 12 feet are found in the quarry. 

At Milford, Hillsborough county, a gray, indistinctly-laminated biotite granite is quarried for general building 

‘purposes and cemetery work. The prominent buildings in the construction of which this stone has been used are 
the Merchants’ exchange, Nashua, and the engine-house at Lowell; the town hall at Wakefield and court-house 
in Worcester, Massachusetts; and the Wilcox block, at Windsor, Connecticut. 

There is quite a number of different quarries in this granite near Milford, and the material is generally a 
good and safe stone to work, taking a good polish. Blocks of any desired size are found in these quarries, and in 
many places there are irregular, large, vertical dirt joints, and in some of them coarse sand from 2 inches to 2 feet 
in thickness separates the sheets. 

At Mason, Hillsborough county, a gray, indistinctly-laminated biotite granite is quarried for cemetery and street 
work and general building purposes. The principal markets are Lowell, Worcester, and Walton, Massachusetts. 
There is quite a number of very coarse granite veins, varying in thickness from 2 inches to 2 feet, which are called 
‘salt veins” by the quarrymen. The larger blocks of granite are quarried with facility, by reason of the existence 
of these small veins. The stone is of medium-fine texture, is good and safe to work, and takes a very high polish. 
In one of the principal quarries the typical two sets of joints cross each other, and are very regular, a fact which 
is not, however, unusual in the granite of this region. Seams of clay sometimes are infiltrated into the joints. 
With regard to the joints Professor Hitchcock states that all the New Hampshire quarries have usually the 
following: 1st, a set of horizontal seams or joints, enabling the workmen to raise the stone parallel to the surface ; 
2d, vertical joints, usually well pronounced; 3d, scattering joints, often causing the rectangular blocks produced 
by the first two sets to become wedge-shaped. Sometimes only one of these wedges is worked. Invariably these 
seams that are highly inclined, if pronounced, carry some dirt derived from muddy water. Many quarries have 
no scattering joints at all. The line governing their occurrence has not yet been discovered. 

Near Nashua, Hillsborough county, a light gray, indistinctly-laminated muscovite granite is quarried for 
foundation and dimension work. This stone is well adapted to foundations, buildings, and street and cemetery 
work, where simple rock-faced work is required, but is not adapted to ornamental or fine hammered work. For 
better classes of building purposes in this vicinity the Nashua granite is used, and the Concord granite for 
ornamental work. Slabs 20 feet long, for cemetery borders and underpinning, have been obtained from this 
quarry. 

At Wilson hill, 14 miles from Manchester station, Concord railroad, Hillsborough county, a pinkish-gray, 
indistinctly-laminated biotite granite is quarried for foundations and underpinnings and trimmings for buildings. 
The principal market is Manchester. It is assigned geologically to the lake gneiss. The texture is coarse, and has 
the usual horizontal and vertical jointing of New Hampshire g aoe It is of value chiefly because within the 
limits of the considerable city of Manchester. 

At Fitzwilliam, Cheshire county, a massive gray granite is quarried for general building purposes, ornamental 
work, and paving. "The principal markets are New England and the west. Among the str ene in which this stone 
has beech used are Saint Paul’s church, Worcester, and the trimmings of Murdock block, and the national bank, 
Winchendon, Massachusetts; soldiers’ monument at Granville, New York; Keene (New Hampshire) court-house ; 
court-house at Albany, New York ; trimmings of Morse Institute, Natick; court-house at Fitchburg, and Kruff’s block, 
Pearl street, Boston, Massachusetts. The Fitzwilliam granite is of a fine or medium-fine texture, and varies in its 
ingredients so that the microscope shows specimens from some quarries to be muscovite-biotite granite; from others, 
biotite granite; and some of the material is laminated so that it may be termed a gneiss. In one of the principal 
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quarries there is a light gray muscovite granite and a dark gray biotite granite. The geological horizon is that of 
the Montalban Archean rocks. The position of one of these quarries is mentioned as particularly favorable ; it is 
located on the broad north slope of a hill, drains itself, and a very large surface has been exposed to view. If at 
all defective, it is in the existence of many thin sheets. The Fitzwilliam granites are generally compact, free, and 
safe-working stones, taking good polish. . 

One and one-quarter miles east of the depot of Marlborough, Cheshire county, a gray, massive biotite 
granite is quarried for building and paving purposes. Among the prominent buildings in the construction of which 
this stone was used are a church and the Union depot, Worcester, Massachusetts; stone mill at Harrisonville, 
railroad bridge at Keene, and library building in Marlborough, New Hampshire. The stone lies in sheets which 
are inclined from 2° to 5°, and vary in thickness from 3 inches to 3 feet. There are natural blocks as large as 36 
by 14 by 24 feet. The stone is good and safe to work, and takes the highest polish. Geological horizon, Montalban. 

At Troy, Cheshire county, granite is occasionally quarried for local purposes. It was used in the construction 
of the bank and court-house in Fitchburg. Some of the quarries there produce excellent material for curbing, 
being hard and brittle, but free from iron. 

At Roxbury, Cheshire county, granite is occasionally quarried fer local purposes, and it was used to some 
extent in the construction of the state-house, in Albany, New York, which was in fact the chief purpose for which 
the quarries were operated. 


VERMONT. 
[Compiled mainly from notes of Professor C, H. Hitchcock. ] 
MARBLES AND LIMESTONES. 


The noted marble districts of Vermont are in the vicinity of Rutland and Sutherland Falls, Rutland county ; 
Dorset, Bennington county, and on the islands and near the shores of lake Champlain, in Grand Isle and Franklin. 
counties, known generally as Lake Champlain marble. The marble of Rutland and Bennington counties is used 
very extensively throughout the United States for general building and monumental purposes, and is among the 
most widely known marbles in the country. According to the classification adopted in this report, this material 
varies sufficiently in its composition so that some of it may be properly called a limestone, some of it a magnesian. 
limestone, and some calcareous dolomite. Like nearly all the other material known in the markets as marble which 
is quarried in this country, it belongs to the Lower Silurian formation. The strata of the rock are usually inclined. 
at various angles, and the courses are of such thickness and the jointing is of such a nature that blocks of any desired 
size may be obtained. In color it varies from white to a dark bluish, and some of the white is of such quality that 
it is used for statuary purposes. 

The Lake Champlain marble from Swanton, Isle La Motte, and other places in this distriet varies in its. 
composition so that it is sometimes a magnesian limestone and sometimes a dolomite. It is used chiefly for interior 
work, mantels, tables, inlaid work, and tiling, and may be seen in many of the most important structures in the 
country. It is of various mottled and variegated colors. Some of the quarries produce black marble. The: 
variegated appearance of some of this marble is heightened by its highly fossiliferous nature. 


GRANITES. 


Nearly ali of the granites quarried in Vermont are of the Calciferous mica-schist, a formation which Hitchcock. 
states may be as late as Devonian, certainly not earlier than Upper Silurian. They are usually biotite granites of 
various shades of gray, and have not as extensive a use throughout the country generally as the New England 
granites situated on the coast—a fact probably due to the less expensive means of transportation of the coast 
granites. The Saint Johnsbury granite, which, according to Winchell, belongs to the lake group of New 
Hampshire, is quarried extensively, and is marketed chiefly in the neighboring cities of New York. 

SLATES. 

The important slate formation of Rutland county, Vermont, is, according to Hitchcock, of Cambrian age.. 
The principal quarries are near Northfield, Castleton, Fairhaven, Poultney, and Powlet, and produce material 
for,roofing, mantels, billiard tables, tiles, school slates, trays, sinks, furniture, and for ornamental and various. 
other purposes. The different colored slates obtained are chiefly a bluish-black, purple, and green. They are used 
throughout the United States for the purposes before mentioned. 


CONNECTICUT. 
[Compiled mainly from notes by Harrison W. Lindsley. ] 
BROWN AND RED SANDSTONE, TRIASSIC FORMATION. 


The surface rocks of Connecticut are Archean rocks, covering most of the area of the state; a small Lower 
‘Silurian area, chiefly in the northwest corner of the state, producing limestones which thus far have been quarried’ 
only to a limited extent for purposes of construction; and the Triassie rocks of the Connecticut valley, extending;. 
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according to Professor J. D. Dana, from New Haven, on Long Island sound, to northern Massachusetts, having a 
length of 110 miles and an average width of 20 miles. This formation furnishes the celebrated brown sandstone 
quarried at Portland and at other places in the Connecticut valley. The principal quarries are at Portland and at 
Middletown, on the east bank of the Connecticut river, near the junction of the Air-Line and the Connecticut 
Valley railroads, in Middlesex county. These quarries are operated on a very extensive scale, and the most improved 
methods of quarrying are in use, the work being largely done with steam channeling-machines, as the stone is of 
such a nature that it is readily cut in this way. 

The “‘ Connecticut brownstone”, as it is known in the market, is extensively used for all kinds of building and 
monumental! work in the principal cities of the Atlantic border, in Canada, and in Chicago. Most of the fronts on Fifth 
and Madison avenues, New York city, are built of this stone. Transportation is by boat and by rail. The wharves 
are situated within 100 yards of the quarries, and railroad tracks are extended into the quarries. The material is 
very uniform in character and appearance. A considerable quantity of stone from each of the quarries was used in 
the construction of the Vanderbilt brownstone house on Fifth avenue, New York, and was used indiscriminately in 
the front of the building. Blocks about 30 by 7 by 7 feet have been moved in the quarry, and there are natural blocks 
as large as 100 by 50 by 20 feet, so that blocks of any desired size may be obtained. This stone splits in uniform 
layers from one-sixteenth of an inch in thickness to 15 or 20 feet thick. The texture is medium as to fineness of 
grain compared with other sandstones, and is very uniform. According to Dana this sandstone is largely a granitic 
sand-rock made of pulverized granite or gneiss. The following analysis of a specimen was obtained by Mr. F. W. 
Taylor, chemist of the National Museum : 
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The Connecticut brownstone should invariably be laid in walls as ‘i tay in the quarry bed, as the signs of 
stratification are usually distinct, and the material has a tendency to split when set on edge. 

There are also extensive brownstone quarries at East Haven, near New Haven, on the Air-Line railroad. The 
stone at these quarries differs in some respects from that quarried at Portland; it is here a reddish, rather coarse 
stone, containing much quartz in grains, and is employed chiefly for foundations, underpinnings, and railroad work 
at New Haven, and by the railroad companies of Connecticut and Massachusetts. It was used in the construction 
of Saint Paul’s church, New Haven, and for the abutments and piers of numerous railroad bridges. The stone 
is in quite uniform layers 2 or 3 feet in thickness, and blocks 20 by 4 by 3 feet have been obtained. The joints are 
not frequent and are quite irregular. 

Small quarries of the Triassic sandstone are operated at several other points chiefly for local use. Among these 
points may be mentioned Buckland station, Hartford county, on the Hartford, Providence, and Fishkill railroad, 
where stone of a very beautiful reddish color, but slightly coarser grained than the Portiand stone, is obtained. 

-The material here seems to be in every way suitable to all general building purposes, and can be obtained in blocks 
of any size ordinarily required. The quarry has also good facilities for transportation by rail. . 

At Hayden’s station, within a few yards of the New York, New Haven, and Hartford railroad, is a quarry cf 
brown sandstone formerly operated to supply stone for the dam at Windsor ferry. It has been operated for local 
uses for a hundred years. The stone is similar to the Portland stone, but somewhat redder in color, and as there 

are good facilities for transportation, both by railroad and river, it may be of importance in the future. 

At Suffield, Hartford county, there are a number of small brownstone quarries, none of which have been operated 
except for local or private purposes. Other quarries are operated for local purposes at Newington, Hartford county, 
Farmington, and Forestville. It will be noticed, however, that the extensive quarrying in Connecticut on this 
formation is done only at Portland and East Haven. 

The principal quarries on the trap dikes of the Triassic age in Connecticut are at East rock and West rock, 
north of New Haven. The material hereis diabase, nearly black in color, fine and uniform in texture, and itis used 
for cellar stone and street paving in New Haven. This rock is much cut by irregular joints, so that blocks of a size 
suitable only for cellar work and paving stone can be obtained; however, it serves well for these purposes. 


GRANITE AND SYENITE. 
Extensive quarries of granite and gneiss are located at various points in the state, especially near Thomaston 
and Roxbury, in Richfield county; on Long Island sound, in Fairfield county ; near Ansonia, Branford, and Stony 
creek, New Havencounty ; Middletown and Haddam, Middlesex county; and near Lywe, Niantic, Groton, and Mason’s 
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island, New London county. The Connecticut granites and gneisses are usually fine grained and light gray in 
color, and the appearance is usually so characteristic as to distinguish them from other granites of the Atlantic 
Coast states. 

At Sterling, Windham county, a biotite gneiss, rather coarse ‘in texture, and varying in color from gray to 
light gray with a pinkish tint, is extensively quarried for general building purposes, monuments, and street work, 
and is shipped chiefly to Willimantic, Jewett City, Danielsonville, and Baltic, Connecticut, and to Providence and 
Warwick, Rhode Island. Among the structures in which it has been used are the Furnace fipcka in Willimantic, the 
Baltic mill, and mills at Warwick, Rhode Island. 

Near Thomaston, on the Naugatuck railroad, a light gray biotite-muscovite granite is quarried extensively 
for general building purposes, and shipped to Waterbury and the towns in the western part of Connecticut 
generally. Among the buildings in which it was used are the United States building (front), New Haven, and the 
Episcopal church, Waterbury. The material in the quarry lies in quite irregular sheets, usually inclined about 20°, 
and has a slightly gneissoid or laminated structure. 

At Roxbury, the granite quarried for curbs, foundations, and paving, and employed chiefly in Danbury, 
Connecticut, and New York city, is similar in structure and composition to the Thomaston granite. 

The quarries on the shore of Long Island sound produce a hornblende-biotite gneiss, used extensively for 
foundations, underpinnings, footings, and piers in New York city and Brooklyn. Transportation is by schooner on 
Long Island sound. The color of this material is a very dark gray, approaching black. 

Near Ansonia a bluish-gray muscovite-biotite gneiss is quarried for general building purposes and used in the 
vicinity, at New Haven and Bridgeport. Among the structures in which it was used are the copper-mill and clock 
shops in Ansonia, and Howard Avenue church, New Haven. This gneiss splits very evenly in slabs of almost any 
thickness. Slabs of 4 inches in thickness can be obtained about 2 feet in width and from 4 to6 feetlong. The rock 
on the natural surface looks fibrous like a piece of straight-grained wood, and splits vertically in the direction of this 
grain as well as in the plane of the quarry bed. It can be successfully polished only at right angles to the plane of 
lamination. A large seam of quartz about 6 feet square in the section crosses on top of this quarry in almost a 
straight line, having a direction northeast and southwest. This rock is exposed at many points in the vicinity, and 
probably could be profitably worked at nearly all of the outcrops. 

Near Branford the material, though locally called granite, is a biotite gneiss, and has thus far been used for 
breakwaters and coast engineering works at fort Jefferson and New Haven. A portion of the breakwater in New 
Haven harbor was constructed of this material It is shipped in barges. This stone is not very uniform in texture 
and color; even in the same quarry it varies in color from dark gray to a pink. 

A nee ty granite is quite extensively quarried at Leetes Island station, 6 miles east of Branford on the Shore 
Line railroad, in New Haven county. It is used for general and ornamental purposes, chiefly in New York city. 
Among the Surnannkee in which it has been used ¢ are the bridges at Springfield and Harlem. It is transported by 
boats. 

The stone quarried at Arnold’s station and i Stee station, on the Connecticut Valley railroad, in Middlesex 
county, is a very dark gray or black hornblende-biotite gneiss, varying from fine to coarse in texture, ane used chiefly 
for curbs, flagging, and steps and street work at Philadelphia, Pennsylvania, Camden, New Jersey, and Spring- 
field, Massachusetts. It is transported by schooners and boats. This rock is considerably marked with fine white 
veins from one-eighth of an inch to 2 inches wide running irregularly through it. There are occasional quite 
large veins of quartz, much stained with iron, running through the ledge, but the iron stains are only on the surface. 
This stone was called blue-stone in the market before the North River blue-stone was extensively used. There is a 
streak running through portions of the ledge of very much finer and darker colored stone, which splits with a smooth, 
almost black surface, due to the black-mica scales. Nearly all the mica in this rock is black, and to this fact is due 
the very dark color of the material. 

Material of a similar nature has been quarried at Deep river, at Saybrook, Hadlyme, and Haddam, on the east 
bank of the Connecticut. In the principal quarries the cleavage is nearly vertical and at right angles to the beds, 
thus making it easy to obtain blocks of required shape. 

At Maromas station the quarry rock is without any jointing or division into sheets, being a solid mass, 
excepting near the surface. It splits, however, very easily in horizontal planes in any thickness, is very uniform 
in appearance throughout, and very easily quarried. The quarry is at such a level that it can be drained by the 
siphon. It is close to the Connecticut river and the Connecticut Valley railway, so that the facilities for 
transportation are good. 

The quarries near Lyme, Niantic, Groton, and Mason’s island produce chiefly a gray biotite granite. There is, 
however, one quarry near Lyme producing ared granite, locally called “‘ red porphyry”. The texture is coarse and 
porphyritic; itis used for general building and ornamental purposes, chiefly at Newport, Rhode Island. Some of 
the material may be seen in the Chaney Memorial church, Newport, Rhode Island. 

The other principal quarry near Lyme produces a plain gray granite, rather coarse in texture, and shows on all 
dressed surfaces fine parallel lines of alternate dark and gray. These lines prevent its use for the most highly 


ornamental purposes, as they usually run obliquely across some or all of the finished surfaces. Portions of the 
material in this quarry are slightly pinkish in color. 
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The Niantic quarries produce a light gray granite of rather fine and uniform grain, used for general building 
purposes, monuments, and paving, chiefly in New York city, though it is used in various places in Connecticut and 
Rhode Island, and has been shipped as far south as Savannah. It is transported by boats. Among the structures 
in which it has been used are the Norwich court-house, the New York reservoir, and fort Adams, Newport, Rhode 
Island. The surface rock of this and other granite quarries in the southeastern part of the state is thought to be 
looser in texture than the rock below and much more easily broken. Itis often coarser and less uniform in texture. 
The usual thickness of this surface rock is from 5 to 15 feet. It is utilized for riprap and similar rough purposes, 
and may be considered as the lowest grade of the production of these quarries. At the Niantic quarries there are 
two grades, the finest grain being a perfectly uniform gray in color on a polished surface, and the second having 
a polished surface covered with spots from one-half to three-quarters of an inch in diameter, quite uniformly spaced 
from 1 inch to 3 inches apart, and looking much as if a wet finger had been repeatedly applied to the smooth surface. 
The discoloration in natural joints does not penetrate the stone at all, but discolors the whole surface of the joints 
as far as it extends. 

These quarries are the largest located on Long Island shore between New Haven and the Rhode Island line. 
They have supplied material for a large number of the ports along the Atlantic coast and for government works 
at many other places. A small portion of the material at certain sections in the quarries is slightly pinkish in 

color. 

The granite quarried at Groton is a light gray material of a rather fine and uniform grain. It is used for 
cemetery work, monuments, curbs, trimmings, and breakwaters, chiefly at Providence, New Haven, Hartford, 
Buffalo, Erie, Milwaukee, Cincinnati, and Chicago. The transportation is partly by boat, but chi fly by rail. 
Nearly all of the material of the best quality produced by these quarries is used for ornamental work, as it is uniform 
in color and texture and takes a fine polish. Much of the stone shipped from these quarries is dressed and finished. 

At. Mason’s island, south of the Mystic river, Long Island sound, a gray granite is extensively quarried for 
riprap and breakwaters. The ledge is very much broken by joints, and blocks of large size are not readily obtained, 
though the quality and structure of the material and the location of the quarries make it we!l adapted and convenient 
for the purposes for which it is used. The material thus far quarried has been chiefly the surface rock. At several 
places, however, large sheets of what seemed to be much more uniform and better granite have been reached. The 
rough rock overlying these sheets is from 15 to 30 feet thick. 

At Mystic River there is a granite quarry producing a fine quality of gray granite, which may be obtained in 
blocks of any desired size. As yet, however, it has not been much operated. This quarry is situated on the side 
of a steep cliff or ledge, very accessible and conveniently located for quarrying, near the Mystic river. 

At North Bridgeport, Fairfield county, and Killingly, Windham county, gray and rather coarse-textured 
hornblende-biotite gneiss is quarried for local use. A material of similar character is quarried at Willimantic for 
curbing and flagging, chiefly for local use. Fine-grained gray-biotite gneiss is quarried at Bolton, Tolland county, 
for flagging, and used chiefly in Hartford; it is, however, shipped to some extent to other New England cities. 

Daik gray biotite gneiss is quarried for street work at Glastonbury, Hartford county, and used chiefly in 
Hartford. 

At West Norfolk, Litchfield county, a very beautiful light gray, fine-gruined gueiss is quarried. It is uniform 
in texture and color, and has a bright, fresh appearance. It is nearly al! distinctly laminated, and is a biotite- 
muscovite gneiss, though specimens forwarded to the National Museum are properly called ‘“ granites ”. 


SERPENTINE AND VERD-ANTIQUE MARBLE. 


In the Archean rocks near New Haven are deposits of serpentine and verd-antique marble, which have not 
thus far been quarried to any great extent, although if worked they would furnish excellent material for interior 
decoration and other ornamental purposes. 

The serpentine is gray, mottied, yellowish, and greenish in color when rough; when polished it is dove-colored, 
with lines of yellow and green. 

The verd-antique marble is of a grayish color when rough; when polished it is dove-colored, yellow, greenish- 
yellow, and black and white. The difficulty of dressing and polishing this material seems to have prevented its 
extensive use thus far. 

NEW YORK. 


[Compiled mainly from notes by Professors Cook and Smock. ] 


GRANITE. 


Granitic rocks are quarried for local use in a number of localities in Westchester county, and the material is 
generally fit for rough work only. The gneiss quarried near Hastings by Messrs. Munson & Co., however, is used 
principally in New York city for foundations and general construction purposes. This is a rather. coarse grained 
material, and is striped by alternate layers of light and dark, varying in thickness. Nearly all varieties, as to color, 
texture, and composition, occur in this region, though no very valuable exposures have been developed in loealities 
convenient to water transportation. 
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In Putnam county the granitic rocks are well developed, and have been worked in various localities in cliffs 
along the Hudson river. 

On Grindstone island, one of the Thousand islands, Jefferson county, a beautiful red granite is obtained! which 
is rather hard to dress, but is susceptible of being very highly polished. 

The product of the quarry is at present manufactured into paving blocks and stones for monumental work ; 
the former are used in Chicago, Illinois, and the latter are shipped to Montreal. The quarry is favorably located 
for transportation ‘by the great lakes and the Saint Lawrence River system of navigation; it is on the west side 
of Grindstone island, about 5 miles west of Clayton, Jefferson county, and at the dock adjoining the quarry vessels 
of 400 tons burden can land. 

SANDSTONE. 


At Malone, Franklin county, the Potsdam sandstone is crossed by the Salmon river, and here some stone is 
quarried for local demands, but no quarries were reported as worked during the census year. 

Three miles south of Potsdam, Saint Lawrence county, the Raquette river cuts across the Potsdam formation, 
and quarries are worked along the banks of this stream. The outcrop of the sandstone where it is cut across by 
the river is about 2 miles in width from north to south. The strata dip in a southerly direction at an angle of 
45°, The formation shows signs of disturbance, and the layers near the surface are thin and are used for 
flagging. As the excavation proceeds downward the layers gradually increase in thickness until, in the bottom of 
the quarry, at a depth of about 40 feet, the layers are from 2 to 3 feet thick. These layers split readily, when first 
quarried, into any desired thickness. The stone works well when first taken out, but becomes quite hard upon 
exposure. Much of this stone has a pleasant reddish-brown color, which is very durable, but some of it shows a 
rusty discoloration upon long exposure. It is quite refractory, and is used for lining cupolas in the furnaces at 
Potsdam. A large amount of it has been shipped to New York for use in the construction of the new buildings of 
Columbia college; three churches, the Normal School building, and the town hall at Potsdam, are also built of this 
stone. The most westerly point where the Potsdam sandstone is worked is at Hammond, in the extreme western 
part of Saint Lawrence county. The strata here are very nearly horizontal, but the jointing is irregular. The stone 
is of good quality, and varies in color from gray to red. Thin layers also occur at the top at this point, and heavy 
layers are found lower. The quarry is conveniently located for transportation, and the stone is used for curbs, 
flagging, and paving, principally in towns of central New York. 

In Washiiiton county the Potsdam sandstone is from 50 to 60 feet thick, generally covered by alluvium, and 
nowhere extensively quarried. At Fort Ann it is almost pure quartz, and is quarried for use in the steel-works 
at Troy, and also for the construction of hearths. There are some small calciferous-sandstone quarries in the 
vicinity of Fort Ann, which furnish excellent paving stone and stone for underpinnings for local use. 

In Schenectady county, at a point called Aqueduct, a valuable development of a sandstone stratum in the 
Hudson River group occurs. It is a very fine-grained, stratified sandstone, in layers separated by thin seams of 
slate, and the sandstone grades almost imperceptibly into slate. The strata dip slightly to the southwest, and a 
system of parallel joints, called side seams, runs nearly northeast and southwest, and is cut across at right angles 
by cross joints. There are main side seams from 30 to 55 feet apart, very regular and filled with mud, and between 
these there are irregular parallel joints at distances of from 2 to 12 feet apart. In the southward extension of the 
formation the strata of slate run out and several sandstone layers unite and thus furnish large-sized blocks. The 
quarry is located on the bank of the Erie canal, by which the stone is transported to market, and the quarrying is 
done during the season of canal navigation. The stone works well and is used quite largely for buildings in 
surrounding cities. 

BLUE-STONE DISTRICT. 


The ‘flagging ” or * blue-stone” of the Hudson River district belongs to several geological formations from the 
Hamilton upward. The district is confined to comparatively narrow limits west of the Hudson river, and mainly 
to Albany, Greene, and Ulster counties. It begins with the quarries in Schoharie county, passes to the southeast 
and euters Albany county near Berne, and from there passes around to the south and southwest, across Greene, 
Ulster, and Sullivan counties and across the west end of Orange county, to the Delaware river and into Pike 
county, Pennsylvania. There are no quarries known in any of the formations below the Hamilton down to the 
Hudson River slate, and the typical blue-stone flagging may all be said to come from the Hamilton formation, which, 
according to. Professor Hall, is succeeded by the Oneonta sandstone, the equivalent of the Portage in the eastern 
part of the state. The Chemung shales and sandstones have not been identified, and the gray and the red beds of 
the Catskill mountains probably belong to the Catskill group. It may yet be found that the main blue-stone belt, 
which extends southwest through Hurley, Ulster county, belongs in part to the Hamilton, while the upper or western 
beds are of the Oneonta formation. The flat plateau or terrace to the east and southeast may be oceupied by the softer 
Chemung rocks. If this be the case, the quarries of West Saugerties, High Woods, Shandaken, Phenicia, Boiceville, 
and Brodhead are all in the Catskill group. The stone from these localities is generally coarser grained than that 
from the more eastern range, and the gray or the reddish tints predominate over the dark blue-black shades. 
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The quarry at Eminence, Schoharie county, is probably intheChemung group. The quarries which are probably 
in the Hamilton group are the Middleburgh quarry, Schoharie county, the Albany County quarries, those of Greene 
county and of Quarryville, Saugerties, Kingston, and West Hurley, Ulster county, and those in the southwestern 
extension of the blue-stone district near Ellenville, Ulster county, and at Pond Eddy and West Brookville, Sullivan 
county. There is.a great number of quarries in this district, and many of them are very small, as little capital is 
needed to develop a quarry, on account of the small amount of cap-rock to be removed and the little machinery 
necessary to operate the quarries, as they are worked almost exclusively for flag-stones of small size and small 
* edge stuff”. 

In Schoharie county the character of the flag-stone is much the same as in the quarries along the Hudson river. 
There are in the blue-stone formation always two systems of joints crossing each other nearly at right angles. Those 
of the principal system, which usually runs nearly north and south, are called “ main side joints”, and the others 
‘““cross joints”. In the Eminence quarry the main joints run nearly north and south, and the strata dip slightly to 
the south or southwest. Several ledges are quarried here at different elevations, and the stone varies in texture, 
the highest strata being coarse-grained and varying in color from gray to red, and the lower layers are blue-black 
and fine-grained. The product of these quarries is principally flag-stone, which is used to supply the local demands 
of surrounding towns. The quarries of the Middleburgh Blue Stone Company are about a dozen small openings 
near Hunter’s Land, and from 5 to 10 miles east and southeast of Middleburgh. The quarries are nearly all in side 
hills and the strata are very nearly horizontal. Near the surface a hard, thinly-bedded stone is found, which is 
suitable for common flagging, cross-walks, and rough work. The quality of the stone is found to improve as the 
quarries are worked to greater depth, heavier beds of finer-grained and more valuable stone being found. ‘This is 
a newly-developed blue-stone district, and some of the best stone is suitable for trimmings. The material goes 
principally to Albany, Troy, and other cities to the northeast. 

The stone from the Albany County quarries is coarser, harder, and more gray in color than that from the same 
formation in Greene and Ulster counties. The Reidsville quarries have an average thickness of workable strata of 
only 4 feet, covered with from 2 to 14 feet of earth and slaty beds. The quarries in the vicinity of Dormansville 
were formerly worked quite extensively, but for several years past they have been worked but little. The beds in 
these quarries are thin, and the stone goes principally to Albany for flag-stone. At Stephensville, 6 miles west 
of Coeymans, a more easterly range of flagging stone occurs, which, however, has not yet been developed. 

The blue-stone belt, extending south from Albany into Greene county, crosses New Baltimore and Coxsackie 
townships, in each of which quarries have been opened, though very little stone has been taken out. At New 
Baltimore stone is quarried for dock filling at Albany. 

The Leeds quarries consist of six or seven different openings, which are worked at intervals by farmers. 
The product of the quarries, most of which is for small flags, is carted to Catskill, a distance of about 2 
miles. The Kiskatom quarries have been worked, but not continuously, for many years. The blue-stone belt is 
here quite narrow, and in the ledge worked approaches near to the limestone formations that lie between it and the 
Hudson. The structure of the beds is similar to that of the same formation farther south. The shipping points 
for these quarries are Catskill, Malden, and Smith’s Landing, from 7 to 8 miles distant. The cost of carting the 
stone amounts to about 25 per cent. of the value at these points. The stones produced are mostly of small size, 
and are worked into curbs, caps, sills, steps, ete., called “edge stuff”. At Palenville a large number of quarries 
was formerly worked, extending over a large space, but the decline in prices has put a stop to many of them. The 
quarries are all at the base of the mountains and several hundred feet above the surrounding lowlands, and a good 
quality of stone and large-sized blocks may be obtained. The strata dip westward into the mountains, and the 
thickness of cap-rock increases rapidly in that direction. The distance of these quarries from Malden, the 
shipping point; is 9 miles. 

Ulster county has by far the largest number of quarries in the blue-stone district. Quarryville, in the 
northwestern part of Saugerties township, is a noted quarry district, which has been worked for 40 or more years, 
and a large amount of stone has been taken from it. The stone is sold at Malden, and is drawn there over.a 
tramway constructed of blocks of stone. There is much less stone quarried here at present than was formerly 
produced, as the depth of stripping has increased to such an extent that the quarries can be worked with but little 
profit. The stone is of good quality and is used for turned and general dressed work at the Malden yards. The 
quarries lie in lines along three parallel ledges which have a general direction from northeast to southwest. There 
the blue-stone belt makes its nearest approach to the Hudson, the limestone belt, 34 miles in width, separating 
the most easterly ledge from the river. The beds of sandstone overlie each other from west to east, and strata of 
slate and hard sandstone occur between them. The vertical side seams are very regular and run north 40° east, and 
the joints at right angles to these are irregular and not continuous. The quarries in the easternmost ledge extend 
about a mile in length, 175 feet in width, and have been worked to an average depth of about 12 feet. A large 
area has been left on account of the heavy stripping required. 

The line of quarries in the middle ledge extends over an area about 14 miles in length, from 150 to 500 feet in 
width, and has been quarried to a depth of from 12 to 20 feet. Quite heavy beds occur in some of these quarries, and 
the joints often allow blocks of very large size to be obtained. In the western ledge the quarries are in a line about 
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1,000 feet long by 150 wide, and are worked to an average depth of about 12 feet. These quarries are about 5 miles 
from Malden, being the most distant of all quarries here noted. The total thickness of workable layers in the 
Quarryville region is from 4 to 20 feet, and the stripping is from 6 to 17 feet in depth. Much of the heavy or 
thickly-bedded stone is taken to Malden to be worked into edge stuff. In working these quarries little capital is 
used beyond the value of the necessary tools. Leaseholds are common, and the royalty paid is at the rate of one- 
half cent per square foot of stone quarried. The larger sizes of blocks have bed dimensions of about 15 by 8 feet, 
although some 25 by 15 feet have been taken out. The quarries near Saugerties extend in a line from northeast to 
southwest, about 2 miles im length and half a mile in breadth, and are known as the Fish Creek quarries. A 
large area has been quarried over and a large amount of stone has been taken out. The quarries have been in 
operation from thirty-five to forty years, but the product is now small and is carted to Saugerties, which is from 
4 to 5 miles distant, and the cost of carting amounts to one-third of the value of the stone at that place. The 
quarries now worked are in the midst of the old works, many of them previously abandoned. They are now not 
very productive, and a considerable amount of stripping is necessary. The quarry bed is from 34 to 8 feet thick, 
and the stripping or cap-rock from 34 to 7 feet thick. The stone is fine-grained and is used mainly for edge stone. 
The Kingston quarries are all in the same belt, and may be separated into several groups, as the Dutch Settlement 
group, the Hallihan’s Hill group, the Sawkill group, the Jockey Hill group, and the Dutch Hill group. 

In the Dutch Settlement group the quarry beds have an aggregate thickness of from 5 to 12 feet, and the strata 
vary from 5 to 16 inches. Generally two or three men work together in a quarry, and some of the quarries are 
contiguous and admit of a common system of drainage. The amount of capital invested in this region is very small, 
as the quarrymen do not often own the land on which they quarry, but pay a rent, usually at the rate of half a cent 
per square foot for the stone taken out. Formerly a large amount of quarrying was done in this locality, but the 
increasing expense of working the quarries and the low prices for stone have reduced the extent of the industry. 
The work is now mainly done by men who have their own boys to assist them, and very few men are hired. In 
some portions of this region the dip of the strata is to the northwest, and in others to the southwest. From the 
quarries of the Dutch settlement the product is carted to Glasco, Ulster county, a distance of about 6 miles, and is 
there sold to dealers for flagging and edge stone. 

The Hallihan’s Hill series of quarries is on the same ledge as the bed of stone extending southwest from the 
Dutch settlement to the Sawkill creek for a distance of over 2 miles. At the southern end the ledge is quite 
elevated, but dips to the northwest and descends until it is lost. It is the extreme eastern one of the blue-stone 
belt, and immediately to the east of it the land descends to the low district extending to the Hudson. The bed 
worked in this ledge varies in thickness from 4 to 12 feet, and the cap-rock to be removed is from 4 to 30 feet in 
depth. The entire length of the ledge has been quarried over. The quarries now worked were opened, abandoned, 
and then reopened; most of them were left on account of the depth of stripping necessary when prices declined 
several years ago, and are worked now by the men who were unable to leave with their families when wages 
were low. 

The Jockey Hill and Dutch Hill line of quarries is southwest of the Halliban’s Hill quarries and forms one 
continuous opening, and nearly the whole surface of the ledge has been quarried over. The strata are from 2 to 3 
feet thick, and the quarry beds are separated by strata of hard blue-stone which breaks and splits irregularly. 
The joints are vertical, and the north and south system is very regular and continuous; the east and west system 
is less regular and not continuous. Excepting for its quarry stone this district is almost valueless; its surface is 
very uneven and broken, and covered with forest trees. The stone from this district, as well as from the Hallihan’s 
Hill quarries, is carted to Wilbur, a distance of from 7 to 9 miles. The bed dimensions of the largest blocks obtained 
from these quarries are 20 by 15 feet, but the possible dimensions of blocks from the quarries are claimed to be 60 
by 18 feet. Each quarry has from two to ten quarrymen, very few of whom are employed for wages. 

The Stony Hollow group is near the Ulster and Delaware railroad, and is the last group on the belt passing 
from northeast to southwest through Kingston township. The quarries are small, and some of them are on old 
abandoned sites. The product is taken to Wilbur on wagons, a distance of 6 or 7 miles. 

The quarries of Hurley township are in four principal groups. The Bristol Hill quarries are west of Stony 
Hollow on the southwest extension of the Stony Hollow line. on both sides of the Ulster and Delaware railroad, 
but the stone is taken by wagons to Wilbur, a distance of 7 or 8 miles. A large space has been quarried over in 
the thirty or more years in which the quarries have been worked, and the quarries are at present doing quite an 
extensive business. An excellent quality of stone, applicable to the finest kinds of work for which the North River 
blue-stone is used, is obtained here. The West Hurley quarries proper are northwest of Bristol hill, in a noted 
quarry center, where blue-stone has been taken out for forty years. The area worked over is large. The stone 
found here is remarkable for its evenness of stratification and regularity of jointing. The joint systems are at 
right angles to each other, the one running northwest being open and continuous, but the one to the northeast is 
less regular and interrupted in places. Some of the largest quarries of the blue-stone district are in this region. 
There is generally a lack of capital, and therefore a loss in efficient working. ‘These quarries are on the line of the 
Ulster and Delaware railroad, but the rates of transportation by railway are so high that the stone is drawn on 
wagons a distance of 9 miles to the canal at Wilbur. 
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The Morgan Hill quarries are on the line running southwest from Stony hollow and Bristol hill. They are six 
in number, all of them quite small, and others in the same range have been abandoned. The locality known as 
Steenykill marks the southwestern limit of the main Hudson River blue-stone belt, which exhibits the same 
characteristic features throughout from Quarryville to the Esopus creek, in Marbletown township. Some small 
openings have been made in the formation just southwest of this creek. ; 

The quarries to the northwest of this belt are, as already stated, in a higher formation. The West Saugerties 
range of quarries is west of Quarryville and near the foot of the Catskill mountains. Its structure resembles that 
of the Quarryville ranges, except that the layers are usually thicker. The principal joint system runs north 40° 
east, and the strata dip slightly toward the southwest. The overlying beds are shale and slate with interstratified 
beds of rough stone unfit for flagging or edge stuff. The West Saugerties stone has a medium grain and the 
characteristic color of the North River blue-stone. All the stone is carted to Malden, 8 miles distant, and here 
the heavier stone is manufactured for various architectural uses. It is quite soft and works easier than much of 
the North River blue-stone. In the Highwoods quarries the aggregate thickness of the quarry beds is from 4 to 
10 feet, and the stripping varies from 4 to 23 feet. Heavy stones are also obtained here, and are cut into sills, caps, 
and other edge stuff at the yards at Saugerties, 8 miles from the quarries, and at Glasco, from 4 to 6 miles away. 
At one quarry the layers are from 20 inches to 3 feet in thickness, and a block now exposed is 220 feet long, 26 feet 
wide, and 1 foot thick. Blocks 25 by 15 feet by 1 foot have been taken from this quarry. 

The quarries in the vicinity of Woodstock are on the southern foot of the Catskill mountains, and 1,000 feet 
above the Hudson river. The strata dip to the northwest, and in some of the quarries the bedding and jointing 
are somewhat irregular. The layers are usually from 2 to 10 feet thick; the aggregate thickness of the beds is 
about 20 feet; the stripping is mainly slate, and usually heavy. The product is carted to Saugerties, 11 miles 
distant, except from the quarries of Messrs. Elting & Maxwell and P. H. Lapo; these two quarries are northwest 
of Woodstock; the latter is farthest in the mountains, 1 mile northwest of Cooper’s lake, aud several hundred 
feet above it. The product of these quarries is carted to Malden, from 16 to 17 miles distant, and is used almost 
exclusively for cut work. 

The Shandaken quarries are in a locality known as Fox hollow, a short distance from the Ulster and Delaware 
railroad, by which the product is shipped to Rondout, and thence by river to New York city. This stone has a 
gray color; the layers are from 10 to 12 inches in thickness, and large-sized blocks are easily obtained, but the 
material is not so much desired on account of its color as the typical blue-stone. There are only two quarries as 
yet opened on Woodland creek, and it is quite probable that the entire eastern bank, for a considerable distance, is 
bordered with ledges of sandstone suitable for building and flagging. The rock is of good quality and works 
freely. Two distinct grades are obtained; the upper part of the bed worked is of a reddish color and rather 
coarser in texture than the lower portion, which is grayish in color. The bed dips toward the valley, and as it is 
worked back into the mountain it rises so that the stripping does not increase rapidly. The bed has been worked 
to a depth of 18 feet and the bottom is not yet reached. The layers are from 2 to 12 inches in thickness, and 
increase in thickness with the depth of the quarry. Many of the quarries in the vicinity of Phoenicia have been 
opened quite recently. The amount of stripping in the Phoenicia quarries is about 20 feet, making the working of 
the quarries rather expensive, but the excellence of the stone and the large and heavy blocks to be obtained make 
the quarries profitable. The Ulster and Delaware railroad also furnishes cheap transportation. 

The quarries near Brodhead are all west of Esopus creek, and from 24 to 4 miles from the station. Nearly 
all the stone from these quarries is dressed at Brodhead, and thence shipped to market over the Ulster and 
Delaware railroad. This stone is of good quality, but there is a lack of capital to open workable beds. The 
ageregate thickness of the beds is from 4 to 11 feet, and the stripping from 4 to 14 feet, and in some places 
increasing rapidly. 

As has been indicated, the blue-stone formation is traceable to the southwest from the Hudson River quarries 
through Rochester and Wawarsing, Ulster county; and occurs in Neversink, Fallsburgh, Mamakating, Thompson, 
Forestburgh, Lumberland, and Highland townships, Sullivan county; and in Deer Park township, Orange county. 
The Rochester and Wawarsing quarries are all small openings, and generally worked on leases, along the valleys 
of Vernoog, Beerkill, and Lackanack creeks, all tributaries to Rondout creck. At the quarries on Vernoog 
creek the beds dip at an angle of 20° to the north, 60° west, and the average inclination of the strata in this region 
is 20°. The stone is coarser grained in these quarries than in those nearer the Hudson, but is thought to be 
equally strong and durable. There are many abandoned openings in this region. Al] these quarries are small, and 
the workable beds are soon exhausted on account of the steep inclination of the strata. The quarries along Beerkill 
creek are not now in operation; they were worked quite vigorously for a time to supply Ellenville with stone for 
sidewalks—a town of about 4,000 inhabitants, which has 14 miles of stone sidewalk. 

Along the Delaware river the flagging-stone belt is exposed from near Pond Eddy up the stream nearly 25 
miles to Lackawaxen, Pike county, Pennsylvania. The principal quarries on the New York side are in the vicinity 
of Pond Eddy. From one of these two large flags were furnished, each 255 by 154 feet by 7 inches, and their 
width was limited only by the size of the boats which could go through the locks of the Delaware and Hudson 
canal. 
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These quarries on the Delaware river are noted for their excellent quality of stone. The strata are here again 
nearly horizontal, and from 1 inch to 1 foot in thickness, and the maximum amount of stripping is 10 feet. The 
product is mainly taken by canal to New York city. 

The quarries along the valley from West Brookville, and those along the line of the Monticello railroad, in 
Mamakating and Forestburgh townships, Sullivan county, are usually small. Their total production has declined 
greatly within ten years. The West Brookville quarries are on the mountain side, several hundred feet above the 
canal-level, and all the stone is carted to the canal at West Brookville. Some of this stone has a reddish color, 
and is said to be stronger than the Ulster County stone; but the market prices are higher for blue-stone, and there 
is a prejudice against red or gray shades of color. Along the Monticello branch of the Lake Erie and Western 

railroad there are numbers of small quarries, all of which open into steep side hills, and have a rapidly-increasing 
amount of stripping. 

There is a great number of imal openings in this region which have been abandoned. The amount of 
stripping is always considerable, and the aggregate thickness of the quarry beds is small and the layers are thin. 
The stone has the color of the Hudson River stone, but it is very hard, and none of it is equal in quality to that 
obtained in the Hudson River quarries. A new flagging-stone district has been made accessible to the markets by 
the New York, Ontario, and Western railroad, running across Sullivan and Delaware counties, and stone is being 
shipped both rd and westward. The hasine SS was insignificant during the census year. 

In Delaware county the flagging-stone quarries are along the lines of the New York, Ontario, and Western 
and the Ulster and Delaware railroads. All these quarries are probably in the Catskill group. The quarries at 
Westfield flats and near Trout Brook and East Branch are near the New York, Ontario, and Western railroad. 
The stone is a rather coarse grained sandstone or grit of a grayish to a greenish-gray color, thus differing from the 
darker and finer-grained blue-stone of the Hamilton formation. Various openings have recently been made in this 
region along this line of railroad. 

At a quarry near Margaretville the depth of stripping is 8 feet, and the blocks, as limited by the natural joints, 
are very large. The product is carted to Hartville station, on the Ulster and Delaware railroad, and from there 
transported by rail to Rondout. A quarry has been opened near Halcottsville. The beds here so far as developed 
are from 1 inch to 4 inches thick and the depth of stripping is 8 feet. The joints are ve: tical and very regular; the 
stone is reddish in color and rather coarse grained; blocks 15 by 6 feet have been taken out, and larger sizes might 
be obtained. 

The quarries in the vicinity of Roxbury are also near the line of the Ulster and Delaware railroad. Ina quarry 
about 1 mile from Grand Gorge station, 70 miles from Rondout, the workable beds are 12 feet in thickness and 
the depth of stripping’is about 30 feet. The stone has a grayish color and is coarse grained. 

In Otsego county both the Hamilton and the Chemung groups are quarried in a quarry located’on the east 
side of Otsego lake and about 70 feet above it. The jointing is rectangular, the beds are even, and the depth of 
stripping is 8 feet. The stone is soft, works easily when first quarried, and hardens on exposure. ‘Where used 
for steps for a number of years it has not worn smooth, and shows considerable durability. At present this quarry 
supplies only the local demand for foundations and general building purposes. 

The quarry at Oneonta supplies the local demand for flagging and cut work. 

In Chenango county there was formerly quite an extensive quarry industry at Guilford, but at present only one 
quarry is in operation. The market for this stone is at Syracuse. Blocks of large bed dimensions may be obtained 
here, but the layers are rather thin. The quarry at Smithville flats is also remarkable for the large size of the © 
blocks between the joints, and some of the layers are 2 feet in thickness. The aggregate thickness of workable 
beds is about 12 feet, and the depth of stripping is about 15 feet, but it is mostly loose material and easily removed 
The stone is shipped principally to New York city for flagging and building purposes; but it has to be drawn on 
wagons to Greene, 8 miles distant, on the Utica division of the Delaware, Lackawanna, and Western railroad. 

In Oneida county the Oneida conglomerate quarried near New Hartford is hard and difficult to dress, and 
therefore is used only for bridge work and foundations. The quarry at Camden is probably in the Medina sandstone, 
but the formation has not been well identified. The stone is light gray in color and rather coarse grained; the 
layers near the surface are thin, and are used for flagging, but they increase in thickness as the quarry is worked 
downward. The stone is used to supply local demands, and some is shipped to Oswego and neighboring towns. 

The quarry near Atwater, Cayuga county, is in a good flag-stone stratum, but its distance from the nearest 
railway station and the depth of cap-rock to be removed prevent its extensive development. 

The Tompkins County quarries are worked chiefly for flagging. The quarry at Ithaca supplies the local demand, 
and the one at Trumansburg supplies flagging for the town of Geneva and some for Ithaca. The layers in these 
quarries are rather thin, but large blocks can be obtained. The quarries at Covert, Seneca county, also furnish 
flagging, which is at ACOH used mainly at the towns of Geneva, Waterloo, and Auburn. The quarries are located 
but a short distance from railroad and water transportation. 

The quarry at Watkins, Schuyler county, is a fine-grained, evenly-bedded blue sandstone. The stone is used | 
along the line of the North Central railroad for general construction purposes, and it seems to be well adapted for 
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heavy bridge construction. No good building stone is found on this line of railroad either north or south of this 
point for a considerable distance, and the stone from this quarry is used southward on the railroad as far as 
Williamsport, Pennsylvania. 

The Steuben County quarries furnish stone for general building purposes, mainly for local demands. The stone 
dresses easily, but it is not a safe stone to use, because it is liable to disintegrate. The demand in this county for 
good stone is supplied from distant quarries, and flagging has been furnished quite largely from Mainsburg, Tioga 
county, Pennsylvania. 

The quarry district in the Medina sandstone extends from Brockport, Monroe county, to Lockport, Niagara 
county. The stone is very hard, and therefore seldom used for cut work. There is a light gray and also a reddish 
variety, the latter has a bright and pleasant appearance both in dressed and in rock-faced work, and both varieties 
are sometimes used together with good effect, but the red is used more than the gray for buildings. Most of the 
stone buildings in Lockport and in Buffalo are of Medina sandstone. Perhaps the most important feature of this 
stone is its special applicability for street pavements. It was first introduced for this purpose in Cleveland, Ohio, 
and it is now used in many cities and towns from New York to Kansas City. The blocks are made of the same size 
and shape as the granite paving blocks ; they do not wear smooth, and are nearly, if not quite, as durable as granite 
blocks. The stratum of quarry rock is about 30 feet in thickness, and the thickness of the layers varies from 24 
to 18 inches, the thinner ones supplying an excellent material for paving sidewalks. 

The remaining quarries in the state of New York are small and supply local demands. The stone is of an 
inferior quality, except in the Belfast quarry, Allegany county, where it is of good quality, though so far from any 
route of transportation that it cannot be worked for anything but local use. 


MARBLE, 


TUCKAHOE MARBLE.—The quarries which furnish this are, according to Newberry, in one’of the belts ot 
dolomite of Archean age which lie to the north of New York city, and cross the country in a north-northeast 
direction. One of these belts reaches New York island, crossing the Harlem river at Kingsbridge; another crops 
out on the sound near Rochelle; others strike the river at Hastings, Dobbs Ferry, Sing Sing, and other points, and 
furnish stones good for construction purposes and of varied colors. The best marbles obtained from these deposits 
are those of Tuckahoe and Pleasantville. The first is white, rather coarse in texture and regular in quality, and 
the better grades have been used for some of the finest buildings in the city of New York, notably Saint Patrick’s 
cathedral. The color changes to light gray by exposure. 

At the quarry of the Tuckahoe Marble Company the finest grade is nearly a pure white, but this is available 
only in small quantities, and is used for monumental and ornamental work. In Mr. John F. Masterdon’s quarry 
this same material is quarried more extensively. 

Tn composition the stone from these quarries is a dolomite, containing a small amount of iron and some mica. 
The buildings constructed of the stone from the Tuckahoe Marble Company’s quarry are those of the New York Stock 
Exchange, New York city, and the Mutual Life Insurance Company at Boston. Those constructed of the material 
from Mr. Masterdon’s quarry are the New York Life Insurance building, New York city, the city hall, Brooklyn, . 
New York, and the hotel Vendéme, Boston. 

At Pleasantville, a few miles north of the Tuckahoe quarries, a coarse, crystalline white marble occurs; 
formerly this was quite extensively quarried for building purposes. The front of the Union Dime Savings Bank 
building in New York city is built of this stone. Its structure being quite coarse, it is not well adapted for carved 
work. It has also been found to break easily, especially when used for long columns; and it would not be a safe stone 
on this account for all kinds of work. The stone is remarkable for its crystalline appearance, the crystals being 
usually large and conspicuous, and, from this peculiar appearance, it has received the name /of ‘‘snow-flake” 
marble. This quarry has recently been furnishing about 25 tons of stone per day for making soda water. 

At Dover Plains and South Dover are three other marble quarries, the stone from which also shows a 
coarse structure and is easily broken. 

A quarry of bluish-gray limestone was opened in November, 1880, at Clinton Point, about 5 miles south of 
Poughkeepsie. The material that has been extracted has been used for bridge abutments at Newburgh. 

At Greenport, Columbia county, Mr. F. W. Jones’ quarry is worked on a stratum from 60 to 70 feet in thickness. 
Blocks of any desired dimensions may be obtained. The stone is employed for general architectural and 
ornamental uses, principally at Hudson and Troy, New York. » The Presbyterian church at Hudson is constructed 
of it. It is a nearly pure limestone, containing some protoxide of iron and a little magnesia. The quarry of the 
Kingsbury Blue Stone Company at Sandy Hill, Washington county, is located on a branch of the Champlain canal 
and near the railroad of the Delaware and Hudson Canal Company, and has superior facilities for transporting the 
material to market both by canal and by railway. The quarry proper covers an area of 40 acres. A face half a 
mile in length and 30 feet in height is opened. The stone is very nearly a pure limestone, containing a very small 
amount of iron, a little magnesia, and a little siliceous matter. It was used in the construction of most of the 
locks upon the Champlain canal and the city dam at Cohoes, and it is now being used for the construction of the 
' Harlem bridge for the West Side and Yonkers allevatet aie 
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The quarry of Mr. Prince Wing, near Saratoga, has been worked for many years, stone for burning lime having 
been taken out before 1800. The lime produced from it is very white and of excellent quality. In composition it 
is almost a pure limestone, containing very little magnesia and some graphite. It is used for general building 
purposes and for flagging, mainly at Saratoga and Ballston, New York. 

The quarries at Glens Falls are worked on both sides of the Hudson river, which breaks through the formation 
at this point. The same formation crops out a short distance east of this place, is crossed by the river, dips under 
the,overlying formation, and disappears just above the falls. On the south side of the river there are three distinct 
strata of limestone; the upper one, about 12 feet thick, being overlaid by about 15 feet of rough limestone and some 
slate. Itis fine-grained and makes a good material for cut work. Below this is a stratum of about 15 feet of the slaty- 
structured stone, and then a stratum 2 feet in thickness of a coarse crystalline limestone. Below this occurs the 
valuable black-marble bed, about 12 feet in thickness. From this a large amount of tiling is manufactured. The 
stone is taken out in large blocks, and is either sawed and rubbed in the mills at the quarry or is shipped in the 
rough, mainly to the neighboring cities and to New York. The tiling and material for ornamental purposes go ts 
all the principal cities in the United States. The stone is shipped both on the Champlain canal and the Delaware 
and Hudson Canal Company railroad. It is a limestone in composition, containing a little magnesia, some iron, 
and some graphite. None of the products of the lower stratum are allowed to go to waste, though a very large 
proportion of the material is not suitable for architectural or ornamental work. -A large amount of the marble of 
the lower bed on both sides of the river is burned in the extensive kilns of the Glens Falls Company, and produces 
the so-called “ Jointa” lime of remarkable purity. The stone is quarried by blasting, and, therefore, much of it is 
shattered so as to be fit only for burning. The slaty-mixed limestone of some of the layers and of the stripping 
was formerly used for flux in the iron furnace at Fort Edward, New York. 

On the north side of the river, where the quarry of the Glens Falls Company is located, the two upper strata 
above mentioned do not occur. The formation has here been worked to an average depth of about 30 feet and 60 
feet in width for a distance of half a mile eastward from Glens Falls. 

The next point to the north of Glens Falls where the Trenton limestone is quarried is at the quarry of Mr. 
Frank Clark, near Crown Point, Essex county. In general appearance and composition this stone resembles that 
of Glens Falls, but its texture is finer and more brittle. It is used for curbs, trimmings, and various kinds of cut 
work, principally at fort Henry, Plattsburgh, Saratoga, and Schuylervide. The rock is considerably fractured, and 
large blocks suitable for sawing cannot be readily obtained. 

Of the marble and limestone deposits on the west shore of late. Champlain only two localities have been 
extensively developed, one at Willsborough, Essex county, and the other at Plattsburgh, Clinton county. The 
quarry of the Lake Champlain Quarry Company is located on the extreme northeast portion of Willsborough point ; 
it is well equipped and favorably located, the blocks being swung by derricks directly from their beds to the decks 
of the boats used for transporting the material to market. The stone is, for the most part, a fine-grained, compact, 
blue limestone, containing fossil remains; the different layers differ slightly in color and texture. Formerly a 
large amount of this stone was shipped, but during a few years past the demand has been much lighter. It was 
used in the foundations of the piers of the East River bridge, and in the foundations of the new capitol at Albany. 
There are several layers worked which are separated by thin seams of clay; large-sized blocks can be obtained, 
and the stone is worked into all kinds of cut work and can be sawed and rubbed. Some of the layers furnish a 
fine black marble, which is susceptible of being highly polished, and it is used for various kinds of ornamental 
work. The rock comes to the surface and no stripping is necessary. The formation dips east of north under the 
lake. A porphyritic dike crosses the formation from east to west; it is from 12 to 14 feet wide and exceedingly 
well marked, extending from the shore of the lake until lost beneath the soil beyond the quarry. 

The quarry of the Burlington Manufacturing Company is located near lake Champlain and not far from 
Plattsburgh. Large blocks are channeled out and shipped by boat to Burlington, Vermont, where they are sawed, 
and from the slabs all kinds of ornamental work are produced. Two varieties of limestone occur at this point, and 
are known in the trade as French-gray and Lepanto marbles. The latter is beautifully variegated with red and 
gray, and is largely made up of fossil remains, which give a beautiful appearance to a polished surface. The 
variegated marble is quite extensively used for inside decoration in public buildings, often in connection with 
white marble. It is shipped, for mantels, tiling, table-tops, and general decorative work, to all parts of the United 
States. Another marble quarry has recently been opened by this company at fort Henry, Essex county. This 
marble is composed of a ground mass in which are patches of serpentine, numerous crystals of pyrrhotite about 
one-eighth of an inch in diameter, and some graphite scales. 

The quarry of the Gouverneur Marble and Whitney Granite Company is situated one mile west of Gouverneur, 
Lewis county. The limestone is crystalline and lies immediately on the granite; in fact, in some places the 
granite overlies the limestone. The surface is glaciated and rubbed smooth. It is usually called ‘“¢ Whitney 
granite”, on account of its close resemblance to several kinds of gray granite when polished or finished with a 
patent hammer; but it is properly a marble, being, however, too coarse-grained to be finely carved. There is” 
reason to believe that it will withstand the action of the weather, as head-stones in this immediate vicinity have 
been standing from 40 to 70 years. In the Riverside cemetery at Gouverneur there are about one hundred of these 
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old head-stones; they present a good, clean, uniform surface, are very free from moss or any discoloration, and the 
corners and arrises are sharp and perfect. This marble is easy to work and takes a very fine gloss, and, being dark 
colored when polished and white when chiseled, any scroll-work or tracing makes a nice contrast. Much of it is 
finished with a patent hammer, some partly patent-hammered and partly polished, or polished and margined. 

On account of the thickness of layers in the quarry, dies can be furnished 7 feet high that will stand on their 
natural bed and be of good uniform color. All dies 18 inches square or over are quarried to stand on their natural 
bed. Smaller sizes are quarried the other way. 

The entire limestone formation is marketable stone, and there is no cap-rock to beremoved. The upper portion, 
which is coarsely crystalline, is used for building purposes. Farther down the grain is finer and the color darker, 
and inost of this is shipped directly to Cleveland, Ohio, and to New York city, where it is sawed and manufactured. 

In this locality there are several quarries of the same stone now being opened. An excellent quality of granite 
is also found here, but as yet has not been worked. Soap-stone is also found in workable quantities, and asbestus 
appears. A large variety of serpentine is found in this locality, though as yet none has been put into the market. 

A quarry at the head of Three-Mile bay, Jefferson county, is favorably located for water transportation. The 
rock is a rather hard, compact limestone, but works quite well for fine cut work. Two varieties, blue and gray, 
are used. Several quarries have been opened in the same formation at Chaumont, a few miles from the Three-Mile- 
Bay quarry, and on the Rome and Watertown railway. 

A quarry at Lowville, Lewis county, in the cliff of Trenton limestone caused by Mill creek cutting across the 
formation at this point, has a face of nearly 90 feet, which is almost the entire thickness of the blue limestone in this 
section. It furnishes an excellent building stone, for local demand mainly, and also stone for flagging and curbing. 

A quarry in a gorge through which the Sugar river passes, at Talcottville, Lewis county, can be worked with 
the least possible amount of labor and expense. The stream has cut through the ledge and left cliffs of solid stone 
30 or more feet in height in an exposure of a quarter of a mile or more. All of this is valuable stone. The top 
layers are used for lime and the lower ones for building stone. The layers are from 3 to 15 inches thick, and furnish 
an excellent working stone, making good cut work. Between the layers of stone are thin layers of slate. Marine 
fossils are found in abundance. Formerly large amounts of stone were sent from this quarry to the towns along the 
Utica and Black River railroad, but at present the building stones taken out are used in the county. The jointing of 
the formation at this point is remarkably regular, and the layers of the bed are free and easily separated. No other 
quarries of any importance are opened in this vicinity. 

At Canajoharie, Montgomery county, an extensive ledge of Trenton limestone occurs south of the Mohawk 
river. Quite a variety of stone is obtained in the different layers in the quarry worked at this point. The topmost 
layer is a hard, rough, somewhat calciferous sand-rock, and below this is a gray rock, gray limestone, etc. The layers 
vary in thickness from 2 feet downward. Only the gray limestone is dressed, and the sand-rock is used quite 
largely for foundations; a number of the houses in the town of Canajoharie are built of it. The stone from this 
quarry is also shipped to Utica and Little Falls; at the former place it was used in the construction of the steam 
cotton-mills and the Mohawk River Valley mills. Farther down the Mohawk river, at Tribes Hill, the Trenton group 
is partly cut through, and valuable building stones are obtained on each side of the stream. The quarries here 
produced in former years much of the stone used in the construction of bridges on the New York Central and Hudson 
River railroad, and much of that used in building the locks of the Erie canal. The locations of these quarries are. 
convenient for transportation, those on the north of the river being on the line of the New York Central railroad, 
and those on the south on the canal banks. The stone is strong, compact, and durable, and is little affected by 
atmospheric action, though some of the strata which occur here are not valuable for building stone. At the top 
occurs a shell limestone; below this a stratum of gray limestone about 4 feet in thickness, then a dark blue limestone 
7 feet in thickness, then a stratum, about 4 feet in thickness, of rough, hard, flinty sandstone, somewhat calciferous, 
and below this is the stratum which furnishes the best stone. This last has been worked to a depth of 28 feet, and 
the bottom has not yet been reached. 

About 1 mile north of Amsterdam, Montgomery county, there are two distinct strata of stone quarried, differing 
in color and quality, that of the upper stratum being quite largely burned for lime, and also used for cut work; the 
lower stratum is more brittle. The layers are from 4 inches to 24 feet in thickness; the weathered portion of the 
top is burned. Most of the product of thesequarries is used to supply local demands, though some of it has been 
shipped for use in important structures, including the New York Central Railroad bridge at Albany, the Cohoes 
dam, and the state capitol. 

At Sharon Springs, Schoharie county, is a dark-colored, firm limestone, in beds varying in thickness from a 
few inches to 24 feet. The thin beds are used in the vicinity for paving sidewalks. The stone, though quite hard, 
dresses easily, and is used for general architectural purposes, though mainly to supply the local demand. This 
quarry has been worked at intervals for many years past, but during the last eight or nine years it-has been worked 

‘but little, though the stone is of superior quality, and might form the basis of an extensive industry with sufficiently 
- low rates of transportation. 
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Near Cobleskill the Corniferous formation occurs in strata of cherty limestone, and gray and blue limestone, 
separated by layers of chert nodules. The stone dresses quite well, and is used for buildings and monumental work. 

Just south of Howe’s cave there is a high cliff of limestone of the Lower Helderberg formation, in which the 
quarry of the Howe’s Cave Association is located. The total height of the escarpment above the valley bottom is 
about 150 feet. The vertical section of the quarry is as follows: 
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The heavy gray limestone is taken out in large blocks and is used chiefly for the construction of bridge 
abutments. It is not susceptible of being polished and is not well adapted to fine work. The blue limestone dresses 
well, and the material readily finds market along the line of the Albany and Susquehanna railroad. A considerable 
quarry industry has been built up at this point, owing to the excellence of the stone, especially for heavy masonry, 
and to the convenience in working the quarry due to the slight amount of cap-rock to be removed, the height of 
quarry face, and natural drainage. There is also an advantage gained from the fact that the material which, for 
one cause or another, is not suitable for building stone is broken up and used for railroad ballast. 

The Onondaga limestone occurs in beds from 1 foot to 24 feet in thickness. One mile north of the village of 
Springfield Center, Otsego county, on the west side of the outlet of Summit lake, the quarry of Messrs. McCabe & 
Brothers is located. The top of the limestone is polished and grooved by glacial action, and is covered by from 15 
to 30 feet of glacial drift. This covering of clayey and calcareous drift has protected the stone against atmospheric 
influences, and no discoloration has taken place. The rock has a bluish color, which on exposure becomes somewhat 
lighter. The massive character of the stone makes it suitable for heavy work, and it also seems to possess the 
properties of strength and durability; however, no examples are known where the stone has been exposed for a 
very long time to test its power of endurance. Several buildings have been constructed of it, including the Otsego 
County jail, and the hotel Fenimore, at Cooperstown. 

In Onondaga county the Onondaga limestone was formerly quite extensively quarried, during the period of the 
rapid development of the country. The quarries at Onondaga are within the Indian reservation, and furnish an 
excellent quality of stone; but the amount of cap-rock to be removed is considerable, being from 16 to 18 feet, and 
the lack of facilities for transportation prevents an extensive quarry industry. The stone is used fur buildings and 
monuments chiefly at Binghamton and at Syracuse; in the latter place the university building, the court-house, 
and Saint Mary’s church are built of this stone. 

The quarries at Fair Mount and Manlius were first opened to obtain stone for locks on the Erie canal. In this 
vicinity there were formerly also a greater number of quarries than at present, and the demand for the stone is still 
gradually diminishing. The beds are not so heavy as those at Onondaga; they are here from 8 to 12 inches thick, 
and at Onondaga some layers are 4 feet in thickness. Fine exposures of the Tully limestone also occur in some 
localities, but it is not found in places where facilities for transportation are afforded, and has therefore not been 
at all developed. 

The quarries at Auburn, Cayuga county, supply the local demand for general construction purposes, and some - 
of the gray limestone from the quarry of Mr. John Bennett has been used for monuments. Some quarries are also 
worked in the vicinity of Auburn for stone used in macadamizing roads, and some for lime. The rock is nearly a 
pure limestone, containing a little magnesia and iron. 

At Union Springs the Seneca blue limestone is quarried principally for railroad work along the line of the 
Delaware, Lackawanna, and Western railroad. The stone is suitable for bridge construction and other heavy 
masonry in which undressed stone may be used, the beds being even, some of them 20 inches in thickness, and the 
blocks being readily broken out in rectangular shapes. This limestone contains little magnesia, some graphite, 
and some protoxide of iron. 

A favorable development of the Onondaga limestone occurs at Waterloo, Seneca county, on the Erie canal. 
The quarries at this point were opened when the canal was built, and have been worked more or less ever since. 
The stripping is from 5 to 8 feet, and the limestone has been ace out to a depth of from 18 to 22 feet. The 
stone is used chiefly at Rbanester for general construction purposes. At Rochester the Niagara limestone occurs 
in broken strata and is quarried for rough foundations. The stone is easily accessible, being covered with only 2 
feet of loose material, and conveniently supplies the local demand for foundation stone. 

At Le Roy, Genesee county, the Onondaga limestone is quarried for the Elnira market, chiefly for foundations 
and for bridge work on the Erie and State Line railroad. The stone is too hard to dress, and is used only for rough 
masonry. Some stone has also been quarried in this vicinity for blast-furnace flux. 

At Lockport, Niagara county, the Niagara limestone has been quite extensively quarried for many years for 
general construction purposes, and the stone has been shipped to New York, Buffalo, and Rochester. In some 
years the value of the product sold has reached $400,000, but the demand for this stone has diminished in the last — 
few years. The quarry is favorably located for transportation both by canal and by railroad. 
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The corniferous limestone crops out quite extensively in the vicinity of Buffalo and within the city limits. 
The quarries at Williamsville, about 10 miles northeast of Buffalo, are worked tor the Buffalo market, producing 
material for ordinary purposes of construction, and some stone suitable for sawing and polishing, which is 
manufactured for ornamental purposes, principally table-tops and mantels. The Buffalo quarries supply most of the 
stone for rough masonry, such as cellar walls, foundations, cribs, piers, and general railroad work in the vicinity 
of Buffalo. It is not adapted to cut work. 

A number of quarries which do not appear in the tables are worked at intervals in this vicinity. The deepest 
of the quarries have been excavated about 30 feet in depth, and several acres in area have been taken out. A 
considerable amount of lime is manufactured in the quarries of the corniferous limestone in Erie county. The rock 
is nearly pure limestone, containing small quantities of magnesia and iron, and very little siliceous matter. 


NEW JERSEY. 


[Compiled mainly from notes by Professors Cook and Smock. ] 


ARCHAAN GRANITE, GNEISS, AND MARBLE. 


The gneisses make up the great mass of the Archean outcrop. The areas of granite and of crystalline limestone 
are comparatively small, and are confined to the highlands in the northern part of the state, in Sussex, Warren, 
Morris, Hunterdon, Passaic, and Bergen counties. The Morris canal, the Delaware, Lackawanna, and Western, 
the Central New York, the Susquehanna and Western, the New York and Greenwood Lake, the Belvidere Delaware, 
and the Sussex railroads all traverse the district. The New York, Lake Erie, and Western and the new Lehigh and 
Hudson railroads also run close to outcrops of these Archean rocks. The facilities for easy transportation to 
large cities and towns are good. : 

The beds of gneiss are in many places very regular, and the stone is generally free from pyrite, magnetite, or 
_ other injurious constituents; but care is necessary to avoid these minerals, as they are found widely distributed. 
Granite is not common, except in small masses, and the outcrops are too limited for quarrying. 


LOCALITIES WHERE GRANITE QUARRIES HAVE BEEN OPENED. 


. Near Franklin Furnace, Sussex county. Geology of New Jersey, p. 503. 
Port Murray, Warren county. Geology of New Jersey, p. 503. 

. Dover, Morris county. Geology of New Jersey, p. 502. 

loomingdale, Passaic county. An. Rept., 1873, pp. 99, 100. 

. Near Charlotteburg (granite), Passaic county. An. Rept., 1873, p. 100. 
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MARBLES. 


1. Warren Marble quarry, Warren county. An. Rept., 1872, p. 26. 

2. Marble mountain, Warren county. Az. Rept., p. 28. 

3. Rose Crystal Marble quarry, Warren county. An. Repts., 1872, p. 27; 1881, p. 42. 

A white limestone has been quarried near Stanhope, in Sussex county, but without much success, as the mass 
appears to be traversed by seams. 

REFERENCES TO GENERAL DESCRIPTIONS OF GNEISS LIMESTONE.—Geology of New Jersey, 1868, pp. 64, 312, 
316, 319, 321, 502; An. Rept. for 1873, p. 101; ibid., for 1881, pp. 41,42; ibid., for 1879, p. 104 (Mendham limestone). 

The only locality in New Jersey where gneiss has been quarried uninterruptedly for any considerable period is 
at Dover, Morris county, on the Delaware, Lackawanna, and Western railroad. The material is quarried for bridge 
construction and general work for the railroad company’s use exclusively. Quarries in the other gneissic-rock 
localities in the state have all been abandoned after short periods of working. The convenient location at the 
side of the railroad track, the very light stripping, the facility with which the stone can be quarried, and its 
excellence as durable and solid stone for heavy work make this quarry a profitable one. The direction of the 
outcrop is northeast, and it is cut by the new High Bridge railroad a few rods from this quarry. 

The New Jersey Central Railroad Company proposes to open a quarry near the railroad in the same hill. With 
the two lines of railroad and the Morris canal, all crossing the ledges, the transportation facilities are unsurpassed. 
The great amount of stone which can be obtained in the clearing of ground for agricultural purposes in this 
neighborhood and in northern New Jersey generally has retarded the development of quarries in the gneissic rocks 
of this part of the state. As the country becomes more cleared and the land more valuable, these sources of supply 
are gradually restricted and other quarries similar to the Dover quarry will be developed. or ordinary foundation 
work and for cellar walls, bridges, wharves, and work of that class, the supply is inexhaustible, and stone can be 
furnished at comparatively low rates. The use of the gneissic rocks of New Jersey is increasing, as they are 
excellently adapted from their strength and durability to many purposes. 
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POTSDAM SANDSTONE AND GREEN POND MOUNTAIN CONGLOMERATE. 


The sandstone considered of Potsdam age occurs in narrow outcrops bordering at intervals the gneisses. For 
localities see Geology of New Jersey, pp. 71-79. A little less has been quarried at (1) Franklin Furnace, Sussex 
county ; (2) Danville, Warren county; (3) Oxford Furnace, Warren county; and (4) in the Pohatcong valley, near 
Washington, Warren county. 

The sandstone of the Green Pond mountain belt (of Potsdam horizon) has been quarried on Kanouse mountain 
(near) 1, Newfoundland, Passaic county ; (near) 2, McCainsville, Morris county. 

REFERENCES ADDITIONAL TO ABOVE.—Geology of New Jersey, pp. 503, 504; An. Rept., 1872, pp. 28, 29; ibid., 
1881, p. 42. | 

The Green Pond mountain conglomerate has been used with good effect at Morristown and at Boonton, but 
the bowlders of the country around the towns have furnished an adequate supply. The same stone can be obtained 
at many places in Morris and Passaic counties. It can be had in blocks of any size capable of easy handling. The 
stone is very hard and solid, and free from all minerals other than quartz; and the sharp, angular edges and 
numberless glacier-polished bowlders which have been exposed to the weather for ages attest its ability to resist 
atmospheric agencies; but it is not easy to dress on account of its excessive hardness. The quarries in this 
formation were not in operation during 1880. 


MAGNESIAN LIMESTONE. 


This rock is the predominating limestone of the state, and is found in Hunterdon, Warren, Sussex, Morris, and 
Somerset counties. For the localities see Geology of New Jersey, pp. 9-130; alsomap. It has been opened at many 
points for stone to be used in lime manufacture. For building purposes the localities in which this stone is found are 
numerous, particularly in Sussex and Warren counties; and it is in general use in these counties, and in parts of the 
adjoining counties of Hunterdon, Somerset, and Passaic, for building foundations, and for buildings of all kinds. 
For heavy bridge work it is used largely. The railroad and canal companies use a great deal of it in heavy ” 
construction. (See Geology of New Jersey, pp. 513, 514 and 392-396; An. Rept. for 1873, pp. 100, 101; ibid., 1881, p. 
41; also schedule of Newton limestone.) [or analyses see above references and An. Kepts., 1875, p. 36; 1876, p. 55; 
1878, p. 104. 


HUDSON RIVER SLATE. 


This rock yields the roofing slates. The principal quarries are: (1) La Fayette, Sussex county; (2) Newton, 
Sussex county; (3) Delaware Water Gap, Warren county. 

REFERENCES.— Geology of New Jersey, pp. 135-145 and 518-520; an. Rept. for 1872, pp. 29, 30. The flagging 
stone of Flag-stone hill, Wantage township, Sussex county, belongs to this geological horizon. Geology of New 
Jersey, 1868, p. 522: Flag-stone; An. Rept., 1851, pp. 64-66. 

The only quarries of roofing slate in New Jersey that were operated to any considerable extent in 1880 are- 
those near La Fayette, Sussex county. They are within a mile of the Sussex railroad, and but little farther from 
the new line of the New York, Susquehanna, and Western railroad. These quarries dip to the northwest. The 
geological horizon is that of the Hudson River slate. The reputation of the La Fayette slate is good; the color 
is usually a blue-black. 


ONEIDA CONGLOMERATE AND MEDINA SANDSTONE. 


These rocks constitute the mass of the summit and western slope of the Kittatinny or Blue mountain, stretching 
from the Delaware Water Gap to the New York state line. They have not been opened by any regular quarries, 
although the outcrops are many and the stone of the conglomerate formation is solid and durable, and can: be 
had in quite regular beds. The sandstone is, in most places, too slaty and shaly in structure to make a good 
building material. The only quarry or opening worthy the name is in Sussex county, and in Montague township, 
where the red stone is got out in thin beds of large size; but it isnot near transportation. (Geology of New Jersey, 
1868, pp. 146, 149, 513.) 


LOWER HELDERBERG LIMESTONE GROUP. 
The rocks of this group are found in place in a narrow belt in the valley of the Delaware from near Port Jervis 
to the Nalpack bend, and are confined to Sussex county alone. They are quarried extensively for lime manufacture, 


but not for building, except a little which goes to Port Jervis and the adjacent country. The quarries are in 
Montague township, Sussex county. 


UPPER HELDERBERG GROUP—ONONDAGA AND CORNIFEROUS LIMESTONES. 


The above-mentioned belt in Sussex county is bordered on the west and northwest by the very narrow belt of 
Oriskany sandstone and Cauda-galli grit (both unfit for building material), and these latter are followed by the 
Onondaga and Corniferous limestones in a very narrow outcrop bordering the alluvial plain of the Delaware river. 
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They have yielded considerable stone for this part of the Delaware valley, which is used for bridge piers, abutments, 
dwellings, etc., but there are no large and regularly-worked quarries. The outcrops are many, and no excavation 
is generally necessary to meet the occasional demands of the valley. 

REFERENCES.— Geology of New Jersey, 1868, pp. 165, 166, 514. 


TRIASSIC AGE—SANDSTONE, FREESTONE, AND BROWNSTONE. 


The most noted quarries in the state and some of the largest in the country are opened in the sandstones of the 
Triassic age. The formation occupies a broad belt of the state, ranning from the New York line southwest to the 
Delaware river. Its boundaries are shown by the geological maps of the state. For general descriptions of its 
rocks, see Geology of New Jersey, 1868, pp. 206-225; also An. Rept. for 1879, pp. 18-35. 

The Little Falls, Paterson, Belleville, and Newark quarries are the most celebrated of any on the eastern side 
of the state. In the central part of the belt there are quarries in Washington valley (north of Plainfield), at 
Martinsville and Princeton. 

Along the Delaware river there are large quarries at Greensburg, 4 miles above Trenton, and farther up the 
river valley at Stockton and Prallsville. The localities where quarries have been opened are given in the Annual 
Report of the New Jersey Geological Survey for 1879, pp. 21,25. There are other places where stone has been 
quarried, but the above list includes those which have been worked for sale of stone. 

The principal building stone in Newark, Paterson, Orange, Elizabeth, and New Brunswick comes from the 
Belleville and Newark quarries. They furnish a large quantity of very superior building stone to New York city. 
The new Mills building in that city is one of their monuments. ‘Trinity church, New York, represents Little Falls. 
In beauty of shade, solidity, and durability the selected stones from the Little Falls, Beileville, and Newark quarries 
are unsurpassed. It is not superfluous to add that the stone of these quarries is the best of the New Jersey 
sandstones or freestones. It is not so micaceous as many other sandstones, and has not their laminated structure ; 
hence for ornamental work it is well adapted. The absence of bedding lines admits of less care in laying it up. 
Some horizons are more argillaceous, and so-called ‘clay-holes” are observed in them. 

The Belleville quarries are at North Belleville, and on the right, or west, bank of the Passaic river. They are 
located on a nearly north and south line, and are about 100 yards distant from the river front, which affords 
wharfage room for vessels of moderate size, as the tide comes up to this point. The railroad line (Newark and 
Paterson branch of the New York, Lake Erie, and Western railroad) runs nearly parallel with the river and about 
a quarter of a mile west of the quarries. There are three different openings. The following are some of the 
principal buildings in which this material has been used: Fort La Fayette, New York harbor; Stevens’ house, 
Fifth avenue and Fifty-seventh street; Ruppert’s house, Fifth avenue and Ninety-third street; building corner of 
Madison avenue and Twenty-eighth street; the Mills building, on Broad street, and A. T. Stewart’s buildings, New 
York city. 

There is considerable variation of the strata in the different parts of the quarry. In the southernmost of these 
quarries the glacial drift is 20 feet thick; then there is a thickness of 30 feet of red, fine-grained sandstone, most 
of which is of inferior quality, and the best of it is only fit for foundations, cellar walls, ete. Under this thickness 
comes next a coarse-grained, thickly-bedded, reddish-gray sandstone; beneath the latter is a fine-grained red 
sandstone, which can be rubbed and polished. The reddish-gray stone is equally durable, and looks well, but it 
cannot be rubbed. The former brings $1, the latter $1 50 per cubic foot. Explosives are used mostly for throwing 
down the top stone. Canisters or conical charges of black powder are always employed in working off blocks of 
the best and most valuable stone. There are disadvantages of considerable stripping. Working in the direction 
of the dip, water must be pumped out, as all of the quarries are below tide-level in the deepest points, one of them 
being 35 feet below the Passaic River level (tide). 

Near Avondale station, Belleville, is a quarry of this material which was opened about the time of the Revolution. 
The principal markets now are Newark, New York, and Brooklyn. The ledge here extends S. 5° W., the strata 
being vertical. At the west end of the quarry there is a fine-grained chocolate-colored stone at the top, under 
several feet of stripping. The light-colored stone is a coarse, granular mixture of quartz and feldspar. The shade 
of color is very pleasing and the stone is solid, occurring in thick beds. It was used in the construction of the 
Presbyterian church, Fifth avenue and: Fifty-fifth street, New York city, and of various bank buildings in Newark. 

In one of these quarries the total area of the opening is at least 5 acres, being about 500 feet square. The 
vertical section on the northwest includes 60 feet of stripping, of which one bed 3 feet thick can be used for cutting 
‘into stone for foundations and cellar walls. Then there are 20 feet of the thick and solid beds of grayish, 
coarse-grained stone at top, and fine red stone used for rubbing at the bottom; underneath the latter there is an 
excavation 14 feet into a shaly rock. These varieties are sometimes designated ‘No. 1” and ‘No. 2” stone, 
respectively. On the south side of the quarry there are only 20 feet of stripping, and then comes solid stone. A 
fault traverses this quarry in a north and south direction, displacing the beds to the extent of 4or 5 feet. Its plane 
dips 65° to 70° west. This fault also appears in one of the neighboring quarries. 

’ On the south side of Bloomfield avenue, Newark, is located one of the principal quarries. The opening is at 
least 400 feet long from north to south, and the quarry progresses west and northwest in the line of the dip. The 
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stripping consists of earth and shaly rock, and varies in thickness from 10 to 30 feet. The dip is very uniformly in 
a west-northwest direction and at a slightangle. The joints show no apparent system. On the west the vertical 
section is approximately as follows, beginning at the top: ; . 
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In the glacial drift the material is mostly red shale. Nos. 4,6, and_8 are workable horizons. At the south end 
of the quarry the stripping is only 10 feet thick. Very little powder is used. Stone is wedged off and split up after 
the top or stripping has been removed. One engine works both derricks, and the pumping is done by a small 
engine. The material from this quarry has been used for the construction of the Collegiate Reformed church, 
Fifth avenue and Forty-eighth street; the Saint Thomas Protestant Episcopal church, Fifth avenue; the Jewish 
synagogue; Presbyterian church, Lexington avenue; Reformed Episcopal church, Madison avenue ; Trinity Church 
school, Church street—all in New York city; Saint Peter’s Episcopal church, Albany, New York; La Fayette 
College buildings, Easton, Pennsylvania; Yale College buildings, New Haven, Connecticut; Princeton College 
buildings, Princeton, and Kirkpatrick’s chapel, Rutger’s college, New Brunswick, New Jersey, and many other 
buildings, especially in Newark. 

The Newark quarries are all conveniently located for transportation. There is natural drainage, as the quarries 
are on a ridge or the highest ground in Newark, which is 100 feet above mean tide-level. The thickness of workable 
strata, the pleasing shades of color, and the ee texture and evenness of grain are circumstances very favorable to 
these quarries, but the value of the land for building purposes is high. 

In the quarry between Fifth and Sixth avenues the strata quarried are remarkable for their thickness and 
solidity, and the joints are wide apart. One system of joints runs northeast and southwest, and is clean and open. 
The glacial-drift covering is about 30 feet thick, but varies to 10 feet in thickness in places. The quarry is nearly 
square, having sides about 200 feet in length, and the stone worked has a total thickness of 30 feet. At the bottom 
a Shaly rock is found. Very large and solid blocks can be quarried here, and some of the more solid rocks show 
no signs of stratification. 

The following are some of the principal buildings in the construction of which this stone was used: The college 1 
dormitory and the Marquand chapel, Princeton, New Jersey; Trinity chapel, Houston street; Saint Jerome’s church 
spire, and the trimmings of buildings on the corner of Thirty-second street and Broadway, New York city. 

At the corner of Bloomfield and Prospect avenues is an old quarry formerly worked very actively, but it is 
about to be closed, as land here is considered too valuable for quarry purposes. The quarry has a length of 700 
feet and is 300 feet wide and 60 feet deep at the deepest point. The glacial-drift covering is on an average 15 feet 
thick. On the north side there are two workable horizons each 12 feet thick and separated by shaly beds 3 feet in 
thickness. The location is northeast of that of the Newark Quarry Company, and crosses Bloomfield avenue about 
150 yards away. 

A short distance west of this quarry, and on the same excavation, a new quarry was opened in 1880. The 
excavation measures 50 by 50 feet and is 40 feet deep. The beds are covered to a depth of from 5 to 8 feet by glacial 
drift. The ledge here opened is shaly at top, and there is first a thickness of from 10 to 15 feet of red sandstone. 
Beneath this there is a drab-colored sandstone 12 feet thick. Its shade of color and fineness of grain recommend 
it, but the extent of the supply is still unknown. ‘The dip of the ledge is to the northwest. 

The principal quarry at Orange mountain, in Essex county, produces stone for ordinary building purposes, used 
in Orange and vicinity. Among the buildings in which it may be seen are the Central Presbyterian church. the 
addition to Grace Protestant Episcopal church, South Orange Presbyterian church, and the residence of Davis 
Collamer, at Orange, and that of Kenyon Cox, at Millburn. The quarry is in the eastern face of Orange or 
Watchung mountain, and about 250 feet higher than Orange. An excellent Telford road within 250 yards of the 
quarry leads to Orange and Newark. There are in all 14 feet of workable beds, one of whichis 6 feet in thickness. 
There is considerable thickness of stripping, which consists of reddish shaly beds. This stone presents a pleasing 
appearance when dressed, either ax-hammered or bush-hammered, and is readily dressed. Like all the stone of 
Essex county, it hardens on exposure. The working advances in the direction of the dip; hence there is no advantage 
of gravity in getting blocks from the beds. There is a fault running north and south through the quarry, but the 
dislocation does not appear to be great. The plane of the fault dips about 85° to the east. The roek surfaces are 
coated with yellowish earth, and in places the rock fs crumbling, so that there is no workable or marketable stone 
for a distance of from 1 boot to 3 feet from the fault plane. 

There is a quarry at West Orange, Essex county, which produces a rather fie grained brownstone, used for 
buildings and trimmings, chiefly in New York and Orange. This quarry is in the valley between the first and the 
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second Watchung mountain ranges and near the summit of the second range. It occupies the same relative position 
as the well-known Little Falls quarry. The stripping is not heavy, so that the aggregate thickness of workable beds 
is about 40 feet, but this does not include all, as there is said to be good stone at the bottom. The stone is heavy- 
bedded, and a set of regular and true joints extends through the ledge which facilitates the work of quarrying. The 
stone when quarried is easily dressed, and can be carved into any desired forms. It hardens by exposure. At present 
there is the disadvantage of having to move the stone by team a distance of from 2 to 4 miles before reaching railroad 
or canal. Among the most important buildings in the construction of which the stone from this quarry was used are 
the Presbyterian church at Caldwell, chapel of Grace Protestant Episcopal church at Orange, Reformed church at 
East Orange, Niles’ mansion, Bloomfield, and a house at the quarry. Much of the stone was used in the construction 
of college buildings at Garden City, Long Island. During 1830 nearly all the material quarried, including a common 
rough stone, was marketed, the rough stone being used chiefly for walls at Garden City. 

The gray feldspathic sandstone of the Palisade mountain is found in a crumbling condition on the east face of 
the Palisades and near the river, but not there suitable for building. At Englewood and Tenafly, in Bergen county, 
it is found so abundant in loose masses that this source has furnished stone for many elegant country houses and 
public structures; but no quarry in the rock in situ has as yet been opened. 

At Paterson (in the western suburbs) a light-colored buff stone has been quarried to some extent. The pleasing 
shade of color and its ease in working give it a local use. 

The principal quarry near Paterson is in the eastern face of First mountain. The average stripping has been 
15 feet thick, largely a red shale and sandstone with trap-rock débris fallen from cliffs above. The working has 
reached the trap-rock wall, and now must be carried laterally or the trap-rock must be undermined. The rock face 
presents a vertical section, the divisions of which are approximately as follows: 
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The stone most used comes from Nos. 5 and 7 of this section. The quarry has advantages in location, giving 
a great thickness of strata above all drainage, and being situated, as it were, on the bank of the Morris canal. 
There are also three railroad stations within one mile. The principal markets are Paterson and Hackensack. Some 
is shipped to Newark and to Jersey City. The character of this material as to durability may be observed in the 
Passaic County jail building, and in many other buildings in Paterson and Hackensack. ‘The principal drawback is 
the heavy stripping in the trap cliff; this might be thrown down and the stone utilized for roads. Professor Smock, 
of the New Jersey geological survey, thinks the stone under the trap-rock will probably be found more solid and in 
thick workable beds. (a) 

In Washington valley, and at Martinsville, in Somerset county, there are quarries in the lighter-colored stones 
which look well in buildings. At the principal quarry at Martinsville the stripping at the north end is 21 feet thick, 
and consists mostly of red-shale earth at the top and red sandstone below. Some of the beds in the stripping 
furnish stone suitable for foundations. At the opposite end of the quarry the stripping has ranged from 10 to 30 
feet. The total thickness of the courses now worked is about 20 feet, 11 feet of which is a light-colored freestone. 
At the bottom of the quarry a greenish shale sets in. The dip of the strata is 10° north-northeast. Most of the 
stones taken out are from 1 foot to 2 feet in thickness, but blocks 3 feet thick and 12 feet square may be obtained. 
The stone is readily sawed and dressed; gang-saws cut about 1 inch deep per hour in it. The light-colored stone is 
sawed into shape for caps, window-sills, lintels, water-tables, etc. The principal markets for the stone from this 
quarry are Boundbrook, Somerville, Plainfield, Brooklyn, and neighboring places. Among the buildings in the 
construction of which it was used are those in Prospect park, Brooklyn, and a hotel in Martinsville. In old buildings 
where this stone has been used it proves to be durable. 

At New Brunswick and along the Raritan River valley the stone is too shaly and does not weather well. The 
quarries are not now worked. 

The Delaware River quarries supply a large quantity of stone to Trenton, Lambertville, Bordentown, Burlington, 
Philadelphia, and Camden. This stone varies somewhat in the different quarries. It is conglomeratic in the 
Prallsville quarries and in some of the beds at Greensburg. The best stone is of a reddish-gray shade, and contains 
alittle feldspar associated with the quartz. The stone is easily dressed, and is used for both ornamental and common 
building work. Much of the Stockton-Prallsville stone has been used in the construction of heavy bridge work 
on the lines of the Pennsylvania Railroad company. The stone on this side of the state appears to be a little more 
open and porous than that of the Little Falls and Belleville quarries, and it favors the growth of a green fungus (?) 
in dark and shaded outside localities. 





a Geology of New Jersey, 1868, p. 506. 
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‘There are four important quarries at Greensburg, and the stones from all of them are known in the market as 
«Trenton brownstone” or as freestone. The quarries are about four miles from Trenton, on the bank of the 
feeder of the Delaware and Raritan canal, and near the line of the Belvidere Delaware railroad ; the Delaware and 
Boundbrook railroad crosses the Delaware river within a mile of the quarries. The general direction of the dip is 
north-northwest to an angle of about 10°. Some of the stripping consists of a friable and coarse-grained stone made 
up of a mixture of quartz and feldspar, with some red-shale rock in places. The workable beds are from 12 to 15 feet 
in total thickness. These beds are usually separated by from 3 to 4 feet of red-shale beds. The total thickness of 
merchantable stone is in sume places 35 feet. The proximity of these quarries to both canal and railroad, their 
easy drainage, comparatively light stripping, and the thick beds of workable stone, are very considerable 
advantages. Its durability and the ease with which it is dressed create a large demand for this stone; the sale of 
the dirt and rotten rock of the stripping at a compensation sufficient to pay for removing it is another considerable 
advantage. The Trenton brownstone or freestone is most largely used in Trenton, and nearly all of the stone 
buildings are of this material; it is quite largely used in Philadelphia also, and a little is used in the towns along the 
Delaware river from Lambertville to Philadelphia. The following are some of the principal buildings in the 
construction of which the Trenton brownstone was used: House of Correction at Holmesburg, Pennsylvania; 
Catholic church, third and Reed streets; the Episcopal church, Nineteenth and Wallace streets; Presbyterian 
church, Twenty-first and Walnut streets; Presbyterian church, Twenty-second and Bainbridge streets; school- 
house, Sixth and Coates streets, all at Philadelphia, Pennsylvania; the library building at Princeton, New Jersey; 
Saint Mary’s church at Warren and Bank streets; and the residences of Hon. A. G. Ritchie, Rev. R. 5. Manning, 8. 
Prior, and others, at Trenton, New Jersey. For the composition of these stones see Geology of New Jersey, 1868, 


pp. 515, 516. 
FLAGGING STONE. 


At two localities, Woodsville, Mercer county, and Milford, Hunterdon county, flagging stone is obtained. There 
are several distinct openings near Milford. The quarries at Milford are all within two miles of the Milford Railroad 
depot, and are in the dark blue fine-grained sandstone of the Triassic formation near its junction with the gneissic 
rocks of the Archean age. A full description of these localities may be found in the Geology of New Jersey, 1868, 
pp. 521, 522. The quarries are at present worked only for local markets along the Delaware river from Easton to 
Lambertville. The beds are generally quite thin, and most of the stone splits nicely, giving a smooth surface suitable 
for floors or sidewalks. The maximum thickness of flag-stone produced here is 4 inches; thicker layers are used for 
building purposes. The dip of the beds is 20° N., 40° W. A fine dividing plane or joint traverses the stone in a 
direction N. 75° E.; another runs N. 15° W. Impressions of stems, fragments of coal, and some supposed foot- 
prints have been found in this locality. The following is an analysis of this flag-stone made for the New Jersey 
geological survey: 
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Lhe principal quarry at Woodville is in a dark-colored, fine-grained shale of the Triassic age. The surface 
layers are shale; the beds below are a fine, bluish, slate-like rock, which, however, is properly classified with the» 
sandstones. The dip of the strata is 20° N., 4° W., very irregularly bedded in layers varying in thickness from very 
thin flagging to those 16 inches thick. The excavation in the quarry is 40 feet deep at the deepest point. Stripping 
is easy and drainage natural, but the stone has to compete with the Hudson River blue-stone at Trenton and on the 
railroad lines; as better prices are obtained in the immediate neighborhood than at Trenton, the local demands 
regulate working. The fineness of grain and smooth surface of this stone make it desirable for flagging; although 
a Slate-like rock, the cleavage is not of such a nature as to permit it to be used as roofing material. Flag-stone o1 
inferior quality is obtained at Princeton also. Martinsville quarry affords some stone suitable for flagging. In all 
of these places the stone is chiefly a fine-grained, slate-like rock, and generally of slate color. One of the quarries 
at Princeton produces what is called by Professor Smock a “ blue, indurated, argillaceous sandstone”, although, 
according to the classification adopted in this report, it is put with the slates. It is used for ordinary building 
purposes in Princeton. 

Another quarry produces a grayish sandstone used to a limited extent for building purposes at various places 
along the Delaware and Raritan canal, and was used to some extent in the construction of the Princeton College 
buildings. 
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TRAP-ROCKS. 


The trap-rocks included in the sandstones of the Triassic in New Jersey are quarried extensively, their principal 
use being for paving. The stone splits readily into blocks of specification sizes for street paving, and is hard, 
wearing well. Forsuch use the oblong-shaped blocks are found to be quite as good as granite, and their employment 
is increasing in New York and in cities of the state. The quarries for paving blocks are confined mostly to the 
east bluff of the Palisade Mountain range, or Bergen hill, and to Goat hill, near Lambertville, in Hunterdon county. 
For building, the trap-rock has been used in Jersey City and in Orange, but not to any great extent, although for 
large structures it is well adapted and looks finely. Trap-rock is also used largely for ballasting railroad beds and 
for Telford roads. 

REFERENCES.—Sandstone.—(Analysis.) See Geology of New Jersey, 1868, pp. 215, 218. Trap-rock: An. Rept. 
N.J., 1873, pp. 113, 114; ibid., 1879, pp. 25, 26; ibid., 1881, pp. 60, 63. 

The principal quarry in the Triassic trap, or diabase, is at Bergen hill, Hudson county. It is used for paving 

blocks chiefly in New York, Jersey City, Hoboken, and Newark. The trap-rock quarries at this place are confined © 
to the eastern brow of the hill and to the summit of the range. They extend at intervals from Montgomery street, 

Jersey City, to the Bergen County line, a distance of 7 miles. These quarries are very small; they are opened on 

’ the brow of the hill where streets are to be cut through, or on knobs such as mount Pleasant, near the track of the 

Pennsylvania railroad, which is to be taken down to a much lower level. Others are so located as to get stone 

most easily and of quality suitable for use. The excavations are not sunk into the rock, but are simply extended 

into the ledge as it projects from the hill. There is but little stripping, cap-rock, or waste of any kind; nearly all of. 
the rock is used. All the quarries are worked on leases, and a common practice is for a gang of three or four men to 

work together. The only capital is the value of tools and powder, averaging probably less than $100 to each quarry. 

The specification paving blocks are cut 8 by 10 inches (or by 12) by 4 inches; the square blocks are 5 or 6 by 7 inches. 

The former are cut with some regard to dimensions, but the square blocks are cut with much variation, some 

having nearly twice the cubical contents of others. There is much variation in the stones of different localities, and 

some cuts much more readily than others, and with less waste. The spalls are used for Telford-road making. 

Black powder is employed to break off large masses, which are broken up by hand-sledges, and the blocks are 

split out by hammers. The blocks are carted direct from the quarries to streets to be paved in New York or Jersey 

City. The specification block is growing in favor, and the use of trap-rock as a paving stone is increasing very 

rapidly. Against the square blocks there seems to be a serious objection—that its surface grows smooth very soon 

and is slippery; but against the oblong blocks the objection does not exist. 

The location of these quarries is above all water, with natural drainage, with no stripping to be removed, and 
they are often worked for the double purpose of removing the stone in the grading of streets and for paving stone. 
As a building stone this trap-rock has been used with good results in Saint Patrick’s church in Jersey City, and in 
the Hudson County court-house, besides other edifices both public and private. It is also used in retaining-walls. 

The late Dr. George W. Hawes said of this Triassic diabase or trap: 

P From a specimen of the normal rock from Jersey City the feldspar was separated and was analyzed by Dr. Howe, and proved to be 

complex, a circumstance not indicated by the microscopic examination. The process of separation by means of the specific gravity 
necessitated the presence of what may be called ‘‘middlings”, which were not sufficiently dwelt upon, and which may be supposed to 
have modified somewhat the composition of the parts. One part was a little more siliceous than labradorite, and the other analysis gave 
the formula of andesite. The second feldspar may be assumed to be a little more acid than the analysis. 

The complexity of the feldspathic element being demonstrated in this case, we may, if we choose, by a calculation, indicate the per- 
centage of the feldspar in the rock, if the composition of the pyroxene is known. The pyroxene of West rock has been analyzed, and 
if this rock is selected as typical we obtain: 
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Thus the percentage of total feldspar is shown, but it is not intended in any degree to suggest that anorthite, albite, and potash- 
feldspar are present in these or any proportions, but a calculation is only possible when the extreme species are considered; and, these 
molecular relations being known, in the words of the article “‘it becomes easy to see how extremely diversified the feldspathic elements 
may be in rocks of this nature. The molecules may arrange themselves in very diversified ways, while the rocks remain identical in 
eomposition ”. 

This method of calculating the amount of feldspar has been very often used. West rock, according to the calculation, includes 
just 40 per cent. of feldspar, which contains the elements that might form three species or be combined in one. In the Jersey City rock 
the feldspathic molecules have combined to form labradorite and andesite. In a little dike which intersects West rock, forming a bit of 
its western face, and identical in composition with all the rocks of this remarkably uniform system, anorthite has formed in sinall amount, 
which does not necessitate a more basic rock, since a simple arrangement of the remaining feldspathic molecules into other species could 
compensate for this. ; ; 
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It is known that Jersey City trap consists of pyroxene, two feldspars of intermediate composition, titanic iron, magnetite, and 
some minutely microscopic ingredients; and the occurrence of anorthite in rocks of like composition that may be supposed to have 
cooled under different conditions indicates that constancy of composition as regards the species of feldspar is not to be expected. 


LATER FORMATIONS. 


BROWN SANDSTONE AND CONGLOMERATE.—This is the only building stone found in the southern half of the 
state. It is a cemented sand or gravel, and the cementing material is iron oxide. It is not confined to any particular 
geological horizon, but occurs from the lower beds of the Cretaceous age to the latest drift, although more 
common in the outcrop of the red-sand bed and the drift gravel of the southeastern part of the state. In the 
absence of any other stone it is useful and is largely used for foundations and cellar walls. The quarries are 
generally small pits or shallow openings, and the stones occur in beds of varying thickness, lying upon earthy 
strata or beds, and covered by sand, or sand and gravel or earthy materials. In a few instances buildings have 
been constructed of this stone. 

REFERENCES.— Geology of New Jersey, 1868, pp. 516,517, and An. Rept., 1881, pp. 66, 68. 

At Egg Harbor city, Atlantic county, a quarry of this stone is located on rocks of Cretaceous age. A description 
of this quarry and the material produced by it will illustrate what is done in southern New Jersey in these quarries 
of brown sandstone. 

The stone from the Egg Harbor quarry is durable, as it hardens on exposure, but it is not adapted to nice work, 
and hence its use is limited to the construction of wine vaults at Egg Harbor city, foundations, cellar walls, and 
occasionally bridge abutments and a few buildings; one is a Protestant Episcopal puiron at Hatontown, Monmouth 
county, built of stone from the vicinity ; another i i the West Jersey academy at Bridgeton, ‘puilt of stone quarried 
near the town. Some of this material was used in the construction of the large dam at May’s Landing. Among 
the more important of the numerous quarries in this stone are the following: near Eatontown, Monmouth county; 
Stonehill, Atlantic township, Monmouth county; Arney’s mount, Burlington county; near Wareton, Ocean county; 
Bridgeton, Cumberland county ; Egg Harbor city, Atlantic county; May’s Landing, Atlantic county. 


PENNSYLVANIA. 


[Compiled mainly from notes of members of the Second Geological Survey, etc. ] 
BUILDING-STONE RESOURCES. . 


The ranges of the Appalachian mountains passing in a general direction northeast and southwest through the 
central and eastern parts of the state are the most marked feature in the geographical structure; and, speaking 
very generally, the exposures of the different geological formations, especially in the mountain regions of thé state, 
are in the form of bands, of greater or less width, having the same direction as the mountains. 

Tbe oldest rocks in the state are the Archean, in the southeastern corner; and going west and northwest newer 
rocks appear in consecutive order, with the follomine exceptions : 

There is a belt of Mesozoic red sandstone passing through the southwestern corner of the state, lying 
unconformably on and bounded by rocks of Archean and Lower Silurian age. This is the latest formation . 
found within the limits of the state. It is described very fully in Vol. II, First Geological Survey of Pennsylvania, 
by Professor Henry D. Rogers. 

The next important exception is the anthracite-coal fields of eastern Pennsylvania. These are comparatively 
narrow belts, the exposures of which are bounded by sub-Carboniferous and Devonian rocks. In the reports of the 
geological survey of Pennsylvania the preservation of these isolated Carboniferous strata is ascribed to the fact 
that there is a marked depression of the surface in this section of the state, placing the rocks much lower than 
those of the same age in other mountain regions. 

There are small, separate areas of the Lower Silurian limestone, sometimes called Siluro-Cambrian, by Lesley, 
in the second Pennsylvania survey, and called by Rogers the Auroral limestone. 

Among the most important in their resources of building stone, beginning at the southeast, are the Archean 
rocks before mentioned, which furnish gneisses in the neighborhood of Philadelphia and Chester county; serpentines 
in Chester county, and slates, for roofing purposes, in York county. 

The Mesozoic or Triassic belt before mentioned furnishes a brown sandstone at various localities, which material 
is of the same age and bears a general resemblance to the brownstone of the Connecticut valley, and there is a belt 
of this age in Nova Scotia furnishing sandstone of superior quality for building purposes, but it does not bear as much 
resemblance to the Connecticut stone as does the material of the Triassic formation quarried in Pennsylvania. 

There are dikes of trap-rock cutting this Mesozoic belt at various points. A microscopic examination shows 
it to be a diabase, and it furnishes a very hard and practically indestructible building material, but from its hardness 
it is difficult to work and is dull and somber in appearance. There are quarries in these dikes at Collins station, 
near Falmouth, in Lancaster county, and near York Haven, in York county. Surface bowlders of the material are 
taken up for purposes of construction on and near Cemetery ridge, Gettysburg, Adams county. The trap at this 
place lies a short distance south of the present southern boundary of the Mesozoic sandstone, but there is little 
doubt that it is contemporary with the trap dikes which cut the Mesozoic sandstone at various places. The most 
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important quarries at present are at Hummelstown, and the material is also quarried at Yardleyville, Lumberton, 
and Newtown, Bucks county, to a slight extent near Reading, in Berks county, and at York Haven, in York 
county. | 

The Lower Silurian or Auroral limestone before mentioned, which covers quite a large area in Cumberland or 
Lebanon valley (the Shenandoah valley of Virginia), furnishes by far the largest part of the limestone quarried in 
the state. The isolated bodies of this limestone in Montgomery, Chester, Lancaster, and York counties, lying 
southeast of the main body of the strata, furnish, in Montgomery county, the ‘Pennsylvania marble”; but in the 
other counties mentioned they furnish a limestone similar to that to be found almost everywhere in the Cumberland 
valley. 

Strata of Hudson River age, lying immediately upon the Lower Silurian limestone, in Northampton and Lehigh 
counties, furnish roofing slates which are extensively quarried, the trade in which is rapidly increasing year by 
year. 

Northwestward of the Lower Silurian limestones there is quite an extended area of Devonian strata, and on 
these there are ledges of Catskill sandstone in Pike county and vicinity that are much quarried for flags. The 
material is of the same structure and character as the North River blue-stone so extensively quarried in Ulster 
county, New York, for flags, and is scarcely distinguishable from it; it is marketed with the North River blue- 
stone and bears the same name. 

The strata in this region are usually thin and evenly bedded shales and sandstones, hard, fine, and compact in 
texture, and particularly well adapted to paving purposes. In Wyoming county, in the vicinity of Meshoppen, 
there are quarries located on Devonian strata of the Chemung horizon, and the material is a very superior, fine- 
grained, compact, light gray or bluish sandstone, well adapted to the better class of construction, which is rapidly 
coming into use in New York and other eastern cities. Although the courses here are usually sufficiently thick to 
furnish material suitable for massive construction, much of it is thinly-bedded and is extensively quarried for 
sidewalk paving. ’ 

There are flag quarries also in Susquehanna and Tioga counties, and numerous other quarries are distributed 
over the country covered by these rocks, but the localities mentioned are the principal ones thus far where they 
have been quarried for purposes of construction. 

There are numerous quarries of sub-Carboniferous flag-stone, probably of Chemung age, and certainly belonging 
to the Venango Oil group, along the high divide overlooking lake Erie, in Erie county. 

There is one important quarry of umbral or mountain limestone (a division of the sub-Carboniferous in 
Pennsylvania), near Connellsville, Fayette county, quarried for street paving, and marketed thus far chiefly in 
Pittsburgh. 

The Carboniferous area in the western portion of the state furnishes but little excepting coarse sandstone and 
conglomerates, which have been extensively used for local construction, but are usually not of such a quality as to 
justify their being shipped to distant points. There are, however, a few quarries producing material of such quality 
that they are used to some extent for building purposes in neighboring towns and cities; among these may be 
mentioned a quarry at Gallitzen, on the Pennsylvania railroad west of Altoona, and the quarries at Baden, 
Homewood, and Beaver Falls, in Beaver county. In Washington and Greene counties there are ledges of Coal- 
Measure sandstone sufficiently durable and of good quality for ordinary uses, though they have been as yet but 
little used. 


ARCHAAN ROCKS. 


The southern gneissic district described in the geological reports of Pennsylvania, as ranging from the Delaware 
at Trenton to the Susquehanna, south of the state line, and lying south of the limestone valley of Montgomery and 
Chester counties, is the district in which are located nearly all the quarries of gneiss in the state; and those furnishing 
most of the material are in the vicinity of Philadelphia. This rock is here extensively used for foundations, walls, 
- docks, paving blocks, curbs, and rubble work. It is for the most part a hornblende gneiss; in some of the quarries 
it is a muscovite gneiss, and there is a quarry at Frankfort, in the Twenty-third ward, Philadelphia, producing 
material which may properly be called a biotite granite. 

There are quarries of hornblende gneiss at Rittenhousetown, Twenty-first ward, Germantown, Twenty-second 
ward, and Jenkinstown, Montgomery county. This material is gray in color, varying from light to dark and from 
fine to coarse in texture. It usually lies in sheets sometimes horizontal, sometimes vertical, though they are found 
inclined at every angle. It usually splits very regularly in the direction of the lamination, and is conveniently 
wrought into regular blocks for the purposes for which it is used. Some varieties of the gneiss are subject to decay 
from the decomposition of the feldspar, by means of which the rock is disintegrated. 

Near Chester, Delaware county, the gneiss is very extensively quarried for the same purposes for which it is 
quarried within the limits of Philadelphia. The ingredients of which it is composed vary within certain limits, so 
that, according to the system of nomenclature used in this report, some of it is called a biotite gneiss, some biotite- 
muscovite gneiss, and some muscovite-biotite gneiss. The proximity of the quarries to the Delaware river affords 
ready means of transportation to Philadelphia and other cities and towns bordering on that river. The following 


148 BUILDING STONES AND THE QUARRY INDUSTRY. 


list includes some of the important buildings in which this stone has been used, chiefly for foundations: The Cooper | 
hospital, Camden, New Jersey; church in Chester, Pennsylvania; Catholic church, Third and Reed streets, and 
Presbyterian church, Nineteenth and Green streets, Philadelphia; Saint Charles Bartholemew church, near 
Philadelphia; railroad-station buildings, Overbrook; fort Delaware, built largely of this rock; various light-houses 
along the Delaware river; and the following structures in Philadelphia: Chestnut Street bridge (partly); Market 
Street Bridge abutments and piers; Junction Railroad bridge; Manayunk bridge; Penrose Ferry bridge; foundations 
of Market Street gas-works; foundations of Girard college; Fairmount water-works; Blockley alms-house; the 
old Naval Asylum and the Arsenal buildings. Also Swarthmore college, Delaware county. 

In many private residences in Philadelphia and vicinity the walls are built of rough blocks of this stone firmly 
cemented together and presenting a very pleasing appearance. 

As before stated the principal quarries in the Mesozoic trap are at Collins station, Lancaster county, int some 
in a dike on the opposite side of the Susquehanna river near York Haven, York county. The following description 
of the York Haven trap will give a general idea of these dikes wherever exposed. The face of this particular 
quarry is about 70 feet in height, but the material extends to an unknown depth. It lies in huge natural blocks 
sometimes weighing hundreds of tons, and having curved outlines giving them a sort of oval shape. Smaller blocks 
of various shapes are wedged in between the larger ones, and sometimes regular parallel sheets are seen lying 
together, usually near the top of the mass. The stone is reduced to proper shape by drilling rows of holes about 
three inches in depth and using plug and feather. It splits well in two directions. Stone from this quarry is used 
only by the Northern Central railroad in the construction of bridges, culverts, etc., and its indestructible nature 
and the fact that it may be quarried in regular massive blocks of any desired size make it a very desirable material 
to be used for these purposes. 

At the Kellar quarry, Collins station, the stone is more extensively quarried than at any other place in the state, 
and is used for curbing, steps, base courses, cemetery work, caps, sills, columns, ete. The stone is used in the 
foundation of the new Harrisburg post-office, the superstructure of which is of the Richmond, Virginia, and 
Manchester, New Hampshire, granites; and the soldiers’ monument at Harrisburg is a rectangular obelisk wholly 
built of this material. 

There is much information concerning the geographical limits, geology, and character of material of these trap 
dikes in Report C C C, Second Geological Survey of Pennsylvania. 

The material of the trap bowlders quarried near Gettysburg, and before referred to, is a diabase exactly similar 
to the stone in these dikes wherever they appear; but in this immediate vicinity there is an unusually large number 
of surface bowlders, and they have thus far supplied all the stone quarried here, there having been no necessity to 
operate on the dikes in place. The bowlders are particularly numerous and of large size in the vicinity of Vincent’s 
Spur, Round Top, and Little Round Top, prominences of Cemetery ridge, along which the army of the Potomac 
was posted during the battle of Gettysburg. The places mentioned are all in close contiguity ; and Devil’s Den, 
where there is also a fine exposure of these trap-rocks, lies also at the base of Round Top. The bowlders are also 
to be found at Culp’s hill, the northern extremity of Cemetery ridge. The stone is obtained in regular blocks by 
plug and feather, in the same manner as at Collins station and York Haven, and is used to a considerable extent for 
steps, caps, curbs, bases, and cemetery work in general. The stone is used in the Gettysburg national cemetery as 
head-stones. It may be seen in use in nearly all the towns within a radius of 50 or 60 miles of Gettysburg, and is 
known as Gettysburg granite. 


SERPENTINE AND SOAP-STONE. 


Serpentine is becoming more and more popular as a building material. The Chester County stone has attracted 
much attention in many quarters. Quite a number of important buildings have been constructed of it in Philadelphia, 
Washington, and Chicago. The stone is apparently very durable, and buildings in the neighborhood of West 
Chester, which have been erected over one hundred years, are fresh and maintain their attractive color unchanged. 
The stone is easily worked, and it is claimed that it can be furnished at a smaller cost than any other stone at the 
quarry. 

Professor Henry D. Rogers, in Vol. I, Geological Survey of Pennsylvania, TSS ORDAR a number of belts and outcrops 
of serpentine in the southeastern corner of Pennsylvania south of the limestone valley of Montgomery and Chester 
counties. The first, or the most northwesterly, serpentine and steatite range is near the Schuylkill river in the 
southern edge of Montgomery county, and is the most eastern zone of the magnesian rocks in southern Pennsylvania. 
It is a long, straight, narrow line of outcrop of steatite or serpentine crossing the Wissahickon creek and the 
Schuylkill river. The steatite in this belt predominates, serpentine being usually dispersed through it in lumps. 
The steatite, where sufficiently free from the serpentine, was formerly quarried for the lining of stoves, fire-places, 
and furnaces; the principal market being the city of Philadelphia. It is also sawed into slabs of various thicknesses 
and used for mantels, stoves, sinks, ete. The débris is sometimes ground into a flour and used for foundery facings, 
lubricating purposes, roofing material, in paint manufacture, and for various other purposes. 

Toward the end of the last century, before the introduction of the Montgomery County marble, this easily- 
quarried material was used for street-door steps in Philadelphia, but its unequal hardness, owing to the dispersion 
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of imperfectly-crystallized lumps of serpentine, caused it to wear unevenly and to soon present a rough appearance; 
and Professor Rogers notices the fact that in some old and much-worn door-sills of this rock the knots of the 
serpentine mineral project above the steatite like hob-nails in a plank. The fifth serpentine tract, or that of the 
West Chester barrens, is the one which has been quarried most for building purposes. The rock here is of a grayish- 
green color, massive, medium fine and uniform in texture, and has been extensively used for buildings, principally 
as ashlar in walls. The principal markets are Philadelphia, Baltimore, New York, and Washington, and it has 
been shipped as far west as Chicago. 

Among the principal constructions of this stone are the Girls’ Normal School building, Seventeenth and Spring 
Garden streets, Academy of Natural Sciences, Philadelphia; Pennsylvania University buildings, West Philadelphia; 
the court-house, Wilmington, Delaware, and 20 large churches, a number of school buildings, and several hundred 
private residences in Philadelphia, and more particularly in West Philadelphia. A portion of the material is 
sawed at the quarry. Several old farm-houses in the neighborhood built of this stone more than a century ago are 
reported, two having been erected in 1730; and the color of the stone is as perfect as when first quarried. A number 
of columns 6 feet long and 12 inches in diameter were furnished from this quarry for the university of Pennsylvania. 
This is about the longest that can be obtained, but it is not difficult to find good sound pieces 4 feet long and 6 or 8 
inches thick. The broken and jointed character of the rock renders it impossible to obtain large blocks, hence its 
chief use thus far has been as ashlar in the walls of buildings. This stone can be readily carved, but cannot be 
sawed into very thin slabs. Although it has only been introduced to the public in the past ten years, it has been 
very extensively used by architects and builders, especially in Philadelphia. The quality of the stone both as to 
color and texture is more uniform in every respect than it was when the quarries were first worked, and the supply 
appears to be practically inexhaustible. 

Near Rising Sun, Maryland, in the southern edge of Chester county, Pennsylvania, there is a serpentine tract 
upon which is located a quarry, formerly extensively worked, but which was idle during 1880. There are also one 
or two other quarries on this tract in the same locality ; and there is a quarry of serpentine near Media, Delaware 
county, which, however, was not operated during 1880. Some of the stone for the building of the Pennsylvania 
university, West Philadelphia, was obtained at the Media quarry, and some at the quarries near Rising Sun, 
Maryland. 

LIMESTONE. 

LOWER SILURIAN.—At the Bushkill quarries, Easton, Northampton county, the lowermost portion of the great 
Lower Silurian limestone of Pennsylvania, known as the Calciferous, is quarried for ordinary building purposes, 
and has quite an extensive local use for base courses and curbs, and is also burned for lime. An analysis of the stone 
shows it to be highly magnesian; in fact it may properly be called a dolomite. Graphite and protoxide of iron are 
found in specimens of the stone. The limestone in and around Easton is in comparatively even beds, and good 
stone of proper shape for building purposes can readily be obtained, though the stratum inclines sometimes at high 
angles. The base of the court-house and many other buildings in Easton are of this limestone, chiefly from the 
Busbkill quarries. 

MONTGOMERY COUNTY MARBLE.—The Montgomery County marble, so extensively used in Philadelphia, is 
quarried from an isolated belt of the great Magnesian or Auroral limestone of Lower Silurian age. Professor 
H. D. Rogers, in the Report of the First Geological Survey of Pennsylvania, describes the geographical limits and 
geology of this limestone belt substantially as follows: It is the bed of a long, narrow valley in Chester and 
Montgomery counties; the ridges bounding the valley consist of the primal slates and primal white sandstone. 
The whole is a narrow, synclinal basin, with strata closely folded together, those of both sides of the trough dipping 
with much regularity to the south-southeast at an angle ranging between 60° and 70°. All the strata here are 
greatly altered by diffused igneous action. The belt of limestone itself, which forms the great valley, extends 
through the western half of Montgomery county, southwestward through Chester county, and Sadsbury and Bart 
townships, in Lancaster county. The general geological structure of this populous and rich limestone belt, is 
extremely simple. Measured from one extremity to the other, the limestone, coincident very nearly with the bed of 
the valley, has a total length of about 58 miles; its eastern end being just north of Abington, in Montgomery county, 
and its western end is at the source of Big Beaver creek, in Lancaster county. In form it resembles very much a long, 
slender fish. The general structure of this first main belt of the Auroral limestone is that of a long and slender 
basin or a synclinal trough, the southern side of which is much steeper than the northern. The strata of the southern 
side of the valley dip perpendicularly, often a little overturned into a steep south dip, but sometimes incline 
steeply in the normal direction or northward. It is only toward the western extremity, where the whole trough 
grows shallow as it rises up and thins away, that the north dip ceases to be steep. The strata of the north side of 
' the valley, or from the synclinal axis northward, dip at an average inclination of about 45° southward, or more 
strictly, south 20° east; this inclination, however, is not absolutely constant. Throughout this limestone basin the 
southern steeply-upturned outcrop exhibits a far higher degree of metamorphism by heat than the northern, and 
this alteration appears greater where the strata approach most nearly a vertical position, and is greater still where 
they are inverted; that is to say, between Wissahickon and Brandywine creeks. It is chiefly within these limits 
that the elsewhere bluish and yellowish limestone is in a condition of crystalline and granular marble, white shaded 
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or mottled from the dispersing and segregating action of a high temperature upon its changeable ingredients. All 
the marble quarries hitherto opened are included in this steeply-upturned or overturned outcrop, the best of this 
lying within half a mile of the southern edge of the formation, or of some sharp, inverted anticlinal like that of 
the Conoquenessing ridge. Throughout the northern half of the basin, especially where the limestone observes 
its usually very regular southward dip of seldom more than 45°, the rock is in the condition of a suberystalline 
and earthy or purely sedimentary magnesian limestone, and its bedding is for the most part very uniform and rather 
thick. Its color is a pale greenish-blue, except in neighborhoods like that on the Schuylkill, below Norristown, where 
a partial metamorphosis has approached the northern border, and it is then very frequently a pale straw color and 
a pale bluish-white; but the slate in which the very same beds exist, where they rise perpendicularly or with inversion 
to their southern outerop, after passing the synclinal turn in the center of the basin, is very different from all this, 
and in striking contrast with the faintly crystalline and earthy limestone which is here a distinctly-crystallized and 
often granular marble. Its color is changed to a brilliant white or to a mottling of purely white and dark blue from 
the presence of segregated or half-developed graphite, and the dispersed ferruginous matter is here in a state of 
minute, solitary erystals of sulphuret of iron disseminated through the body of the stone. Viewed edgewise a 
fresh exposure of the most altered limestone, such as is visible on the Schuylkill river, near Conshohocken, has the 
aspect of a blue and mottled marble streaked with films of tale and shivered by innumerable cleavage joints; but 
viewed facewise the layers and fragments have an aspect of a talcose or micaceous slate, so copious is the covering 
of tale and mica upon their surface. 

The belt of marble in Montgomery county is about three-quarters of a mile wide, and it is in this county that 
the principal quarries on this belt are now operated. Marble Hall, in this county, is the easternmost point at which 
good marble is quarried, and the best of the material lies between this point and the Schuylkill river nearly to the 
Chester County line. 

A mile from Spring Mill station on the Germantown and Norristown railroad the marble is quarried for buildings, 
cemetery work, and furnace flux, and shipped to Philadelphia, Lancaster, and other places in Pennsylvania, and to 
Washington, District of Columbia. The stone here varies in texture from coarse to fine, is semi-crystalline, light 
blue in color, with signs of irregular stratification, unevenly bedded, and in medium to thick layers. Blocks of 500 
cubic feet might be moved in this quarry. Steam-drills are used in quarrying, and powder, and to some extent 
dynamite, in blasting. The production here during 1880 is said to have been less than the average. 

Near Bridgeport, Montgomery county, the marble is quarried for ordinary building purposes, and shipped chiefly 
to Philadelphia and throughout Pennsylvania. It is here of a light blue, fine, semi-crystalline texture, with signs of 
irregular stratification, evenly bedded, and in medium to thick courses. It was used in the construction of the 
following buildings in Philadelphia: Girard college, United States custom-house, Merchants’ exchange, and the 
passenger depot of the Peansylvania railroad, at Broad and Filbert streets. 

Near King of Prussia station, on the Chester Valley railroad, in Montgomery county, marble is quarried for 
ordinary building purposes, and shipped to Philadelphia, Baltimore, and throughout Pennsylvania. It is blue, has 
a fine, semi-crystalline texture, signs of irregular stratification, is rather unevenly bedded, and in thick courses. 
Plate V represents the polished surface of a specimen of this marble. It was used in the construction of Girard 
college, the new city building at Broad and Market streets, the old post-office and numerous churches in Philadelphia, 
and the court-house at Norristown. 

At Henderson station, Montgomery county, similar marble is quarried for ordinary building purposes, and 
shipped to the cities of Philadelphia, Baltimore, and Washington. This marble was used in the construction of 
the Law Library building in Philadelphia. 

At East and West Conshohocken, in Montgomery county, on opposite sides of the Schuylkill river, the ledge is 
quarried, the product being commonly known as limestone. Itis gray, with a rather coarse, semi-crystalline texture, 
irregularly stratified, and comparatively even bedded in layers of varying thickness up to 2 feet; it is but little 
jointed, and its difference in texture and structure from the material in the marble quarries of this district is 
apparently due to less disturbance of the strata. The principal use of the stone at present is for foundations and 
bridge abutments. The stone-work of the Philadelphia and Reading Railroad bridge at the falls of the Schuylkill 
and that of the Girard Avenue and the Callowhill bridges, Philadelphia, is of this material. The following are 
some of the buildings the foundations of which were built of stone from the West Conshohocken quarries: The 
new city buildings, Broad and Market streets; Masonic temple, Broad and Filbert streets; Main Exhibition 
building, Memorial hall, Machinery hall, and Horticultural hall, in Fairmount park; Philadelphia Saving Fund 
building; Provident Life and Trust Company building, and the Union Insurance Company building; new grain 
elevator of the Philadelphia and Reading Railroad Company; South Street bridge; E. H. Fitler & Co.’s new 
buildings at Bridesburg; bridges on line of Philadelphia and Reading railroad, and on the connecting link of the 
Boundbrook line to New York. 

Beside the limestone or marble of the Lower Silurian or Siluro-Cambrian belt of Montgomery county, there 
are quarries at various other points in Pennsylvania on this formation where the stone is quarried for ordinary 
building purposes, chiefly to supply local demands. There are quarries of this kind at Haston, as before mentioned, 
at Tuckerton and Reading, in Berks county, and in Lebanon county; near Harrisburg, Dauphin county; Leaman 
Place, Lancaster county; York, York county; and at Bridgeport, Shiremanstown, and Carlisle, Cumberland county. 


DESCRIPTIONS OF QUARRIES AND QUARRY REGIONS. 151 


There are also numerous other points where the material is quarried principally for lime, and where but little of the 
product is used for building purposes. At Tuckerton the stone is gray in color, massive, and the courses are even 
and thick. The stone is a calcareous dolomite. It lies in courses varying from about a foot at the top to 2 feet or 
more in thickness at the bottom of the quarry, and the total depth of stone quarried is about 50 feet, the inconvenience 
of drainage being the cause for not going deeper. The joints are from 3 to 20 feet apart. This quarry is operated by 
the Philadelphia and Reading railroad, chiefly to obtain stone for bridge construction and other railroad work. The 
inclination of the strata at this quarry is about 4° or 5°, and, contrary to the condition of the rock at other places 
near Reading, it is not much broken by joints, and hence is in a more favorable condition to be used for building 
purposes. Portions of the ledge of limestone not far distant from the Tuckerton quarry are upturned at a high 
angle, very much jointed and broken, and are quarried extensively for lime burning and furnace flux. The materiai 
the point where the Tuckerton quarry is located is a limestone, but is not of sufficient purity to be well adapted 
either for furnace flux or for lime burning, but the regularity of the strata and the substantial and durable character 
of the stone recommend it for building purposes. (a) 

At Reading, a few miles south of the Tuckerton quarry, this limestone is worked only to a depth to which 
natural drainage is obtained—10 or 15 feet. Stone similar in character to that quarried extends downward to an 
unknown depth. In some sections of the quarries the ledge is a solid mass, and in others the division of the layers 
varies from 4 inches to 1 foot in thickness. The inclination of the strata is 45°. The stone is of a bluish color, with 
indistinct signs of stratification, fine in texture, and a qualitative analysis shows that it contains graphite, protoxide 
of iron, much lime, and considerable magnesia. It is scientifically a calcareous dolomite. This stone is well adapted 
to the purposes for which it is used in Reading and vicinity, such as cellar walls, foundations, curbstones, and 
for macadamizing streets and roads. 

The Annville (Lebanon county) quarries of this formation produce limestone which is used for building, and 
for lime and ‘furnace flux; the building stone and furnace flux are used chiefly at Lebanon, and considerable 
lime is sent to Wilmington, Delaware. The stone here is a blue-black color, irregularly stratified, fine and semi- 
crystalline in texture. The stone at this point contains less magnesia than that at most places in Pennsylvania 
where limestone of the same age is exposed. The magnesia is nearly always a prominent feature in the rock of 
this age in Pennsylvania, and the Second Geological Survey entitles it the magnesian limestone formation. 

Four and a half miles southeast of Harrisburg, on the east side of the Susquehanna river, there is a quarry of 
this rock, producing material for building purposes, for lime, and for furnace flux. The stone here is a dark gray 
in color, fine, compact texture, is irregularly stratified, lies in even courses varying in thickness from a few inches 
to 2 feet or more, and is a magnesian limestone. 

At Leaman Place station, Lancaster county, this limestone is quarried for building purposes, and is used chiefly 
in Philadelphia, Lancaster, Harrisburg, and on the line of the Pennsylvania railroad. 

The abutments of the Conestoga bridge at Lancaster and those of the State Street bridge at Harrisburg are 
built of this stone. It is here dark gray in color, indistinctly stratified, and fine in texture; is a calcareous dolomite, 
containing graphite, some protoxide of iron, and sulphides of copper and iron. The courses are even and from 3 
inches to 3 feet in thickness. 

At Lancaster the stone is quarried for local use, chiefly for cellar walls and foundatiors. It is here blue-black 
in color, fine in texture, and with signs of indistinct stratification; contains a high percentage of magnesia, and is a 
dolomite. It contains graphite, protoxide of iron, little lime, and much magnesia. It lies in even beds, from a few 
inches to 2 or 3 feet in thickness, and the joints are usually from 3 to 20 or 30 feet apart. The walls of the Lancaster 
County prison are built of this stone. The height of the face of the quarries is about 20 feet. The strata are tilted 
up at an angle of about 45°, and a material of quality similar to that quarried might be obtained to an unknown 
depth, as is true at other quarries of the vicinity. The quarrymen find it convenient to go no deeper than the 
point at which natural drainage may be obtained. The rock in these quarries is not of a character to answer well 
for furnace flux, though the same ledge is quarried for that purpose a short distance away. 

It may be observed here that throughout eastern Pennsylvania, where this Lower Silurian limestone outcrops 
in places where the rock was found in even, massive, thick, and little-jointed courses so as to be readily obtained 
in proper shape for building purposes, the material seems to contain too great a proportion of ingredients other than 

‘lime to answer well for furnace flux or lime burning; and, on the other hand, where the strata are much tilted and 
broken by joints so as not to be susceptible of being readily wrought into shape for building purposes, its composition 
is such as to make it well adapted to use for furnace flux and lime. In the Lancaster quarries, although the 
layers have an even surface, the stone breaks with an irregular fracture and is rather difficult to shape for other 
than the ruder purposes for which it is now used. Several old one-story houses constructed of this material 
are still standing in Lancaster, some of which were built a century ago. The only way in which the weather seems 
to affect this stone is to fade it to a lighter color, anu this is due probably to the evaporation of the water, which 
process also has the effect of hardening it. This stone underlies a large area of Lancaster county and is extensively 
used by farmers, their barns and residences being often constructed of it. (b) 





a Report MM, p. 304, Second Geological Survey of Pennsylvania. 
b For analysis see Report M M, p. 304, Second Geological Survey of Pennsylvania: Siluro-Cambrian Limestone. 
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Near York, York county, the Lower Silurian limestone is quarried for the ruder building purposes, such as 
cellar walls, foundations, and bridge abutments, and to some extent for paving blocks. Nearly all the streets 
of York are macadamized with this stone, it being about the only material used for the purpose in the town and 
vicinity. There are, however, two varieties here, one used for building purposes and the other for burning and 
as a fertilizer. The variety which is used for building purposes is blue-black in color, fine, compact, and uniform in 
texture, with no signs of stratification, and contains a high enough percentage of magnesia to be called a calcareous 
dolomite. It contains graphite, which is doubtless a principal part of the coloring matter, little iron, much 
lime, and little magnesia. The courses are even, from 15 inches to 24 feet in thickness, and almost horizontal, there' 
being but little dip. The material is quarried with comparative ease in regular blocks for building purposes, and is 
used almost exclusively for cellar walls, foundations, bridge abutments, etc., the local demand being greater at 
present than the production. 

The height of the face of the quarry is 20 feet, the material being quarried only to the depth at which the natural 
drainage is obtained. There is no exposure showing the actual thickness of the ledge. The stone which is burned 
for a fertilizer is white in color, fine and crystalline in texture, containing less magnesia than the variety used for 
building purposes; it also differs from it in the absence of graphite or other coloring matter, and contains a 
greater proportion of the carbonate of lime. The courses are uneven and irregular, being much jointed, and the 
natural blocks vary much in size and shape. The height of the face of the quarry is about 15 feet. It 
is noticeable that the dip of the strata in these quarries is from 15° to 20°, which constitutes another marked point 
of difference between the white and the blue-black limestone quarried near York. In some places there are divisions 
into layers varying from 1 foot to 6 feet in thickness, but often the ledge is simply a broken and much-jointed mass. 
There is always more or less metamorphism in portions of the ledge producing the white limestone, the material 
in some places being a kind of marble of a white and bluish mottled color. The rovck when burned makes a superior 
quality of white lime, and would be a durable building stone, but rather too expensive, owing to.its hardness 
and the difficulty of obtaining rectangular blocks. It has no regular cleavage and cannot be split into prismatic 
blocks. There has been apparently enough metamorphic action to partially destroy the stratification, but not 
enough to entirely convert the material into a crystalline marble. Nearly every farmer in the vicinity of York 
has an opening in his limestone and uses it for building purposes and for fertilizing fields. The stripping in the 
vicinity of York is usually a red clay of the Mesozoic or New Red Sandstone formation. (a) 

At Bridgeport, on the opposite side of the Susquehanna at Harrisburg, this limestone is extensively quarried 
for toundations, furnace flux, railroad ballast, and fertilizers. It is here dark drab in color, fine, hard, compact, 
and in texture rather brittle; it is a dolomite containing graphite and some protoxide of iron. Analyses of specimens 
from 115 layers of the rock in these quarries are given in Report M M of the Second Geological Survey of Pennsylvania, 
which seem to show that alternate strata of limestone and dolomite make up the mass; that the dolomite layers 
carry the most insoluble materials, and that as a rule each layer is nearly homogeneous. Magnesia is present in 
greater or less quantities in all the layers. It is even and rather distinctly stratified; the bedding is moderately 
uneven, and varies from a few inches to 10 feet in thickness; the joints are from 6 to 20 or 30 feet apart; the 
strata dip at an angle of 30° or 35°, and the depth of the face of the quarries at present opened varies from 15 to 
40 feet, the variation being due to prominences and depressions in the outcrop of the ledge. The railroad track 
running into the quarry is on the level at which the material is quarried. The bed of the Susquehanna river at 
Harrisburg is of this material. The upturned edges of the strata over which the waters pass may be seen from 
the bridges in the vicinity, as the river is shallow and the water quite clear. The limestone here is of such 
composition and character as not to be very soluble in water, so that it does not wear away rapidly under the 
action of the river, although the current is quite rapid. The abutments of the bridges are mainly constructed of 
this limestone. It is found most convenient not to quarry the material in these quarries below the level of the 
railroad track, on account of the great expense and difficulty which would be incurred in loading the cars, though 
the material below this level is deemed quite as good for all the purposes for which the stone is used. Several 
houses in Harrisburg are of this stone, notably the residences of Hon. Simon Cameron and Senator J. D. Cameron. 
Several miles to the westward of the Bridgeport quarries, at Shiremanstown, this limestone is quarried for building 
purposes and as a fertilizer. It is here blue-black in color, fine, compact, even, and distinctly stratified; the 
proportion of carbonate of magnesia varies sO much that some of the material may be called a calcareous dolomite 
and some a limestone, strictly speaking. The specimen of dolomite analyzed for this report contained some graphite, 
some iron, a high percentage of lime, and considerable magnesia; while in another specimen from’the same quarry 
the graphite and iron were wanting, and there was still a greater proportion of lime and less magnesia. The 
stone is evenly bedded, and the courses vary in thickness from a few inches to 24 feet. The bed of these quarries 
is worked only to the depth to which natural drainage is obtained. The dip is about 30°, and stone of a similar 
quality to that quarried can be obtained to an unknown depth. 

In the discussion by Professor Lesley on the analyses of specimens from 115 layers of the rock in these 
quarries (Bridgeport), which were referred to above, he states that alternate strata of limestone and dolomite 


a See Report of irst Geological Survey of Pennsylvania, Vol. II, p. 667, for some description of the Mesozoic rocks in Pennsylvania. 
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make up the mass; adding, however, that none of the layers contain a sufficiently high percentage of the 
carbonate of magnesia to form a true lithological dolomite. The dolomite layers are found to carry the most 
silicates and other insoluble materials, and as a rule each layer is nearly homogeneous. Magnesia is present 
in greater or less quantity in ali the layers. These 115 layers belong to the lower middle part of the great 
Magnesian formation, and the chemical analyses show them to belong to two well-marked lithological species, 
one a limestone carrying 2 or 3 per cent. of magnesia carbonates and 1 or 2 per cent. of insoluble material; 
the other a dolomitic limestone charged with from 25 to 35 per cent. of magnesia carbonate and an average of 
over 7 per cent. of insoluble matter, rising in some cases to 10 and 15 per cent., or even more. ‘The largest 
percentage of the insoluble silicate of alumina is almost invariably found in the higher magnesian layers. From 
these conclusions of Professor Lesley, and from the conduct of the limestone in the bed of the river and in old 
buildings constructed of it, this stone is entitled to rank very high as to durability; a comparatively high 
percentage of insoluble matter may have something to do with enabling it to resist water-wear and other 
weather exposure. As a matter of course, a soluble or otherwise easily-destructible cementing matter will 
disintegrate a rock, even though its chief constituents be indestructible fragments so cemented together. The 
specific gravity of the specimens analyzed range from 2.68 to 2.85. 

Iu Cumberland county about one farmer out of every ten quarries this stone in a small way for local building 
purposes, and for plaster, fertilizers, etc. The same may be said of Franklin county, and in fact of the whole 
region of Pennsylvania where the formation outcrops. It would be difficult to give an intelligent estimate of the 
amount of the material which is quarried in this way outside of the more important quarries, though the figures, if 
arrived at, would be very considerable. 

Progressing still farther down the Cumberland valley, we find that at Carlisle stone is quarried for caps, sills, 
and bases, and all ordinary building purposes; also for plaster and for fertilizers. The stone is here blue-black in 
color, fine in texture, and indistinctly stratified; it is evenly bedded, lying in layers from a few inches to several feet 
in thickness, and in some places very much and at others but little jointed. It is here a caleareous dolomite 
containing a little iron. In the vicinity of Carlisle much of the rock is gathered from the surface of the fields, 
where it is an obstruction to farming operations, and nearly all that is needed for‘local use is obtained from the 
surface blocks. Dickinson College building, which has stood for nearly a century, and several churches and 

private residences in Carlisle and vicinity are built of this stone; and the only way in which it seems to have been 
affected by the weather is that in the older buildings it has faded to a lighter color. 

At Chambersburg, Franklin county, in the Cumberland valley, this stone is very similar in every way to that 
quarried near Carlisle; it is blue-black in color, fine and compact in texture, and the stratification is indistinct and 
sometimes not observable. The specimen analyzed for this report proved to be calcareous dolomite containing 
some graphite. The ledge at these quarries is generally worked to the depth of about 20 feet, which is as deep 
as it can be worked without resorting to artificial drainage. ‘The stone is evenly bedded, the courses being from - 
2 to 4 feet in thickness usually, and are readily taken out by plug and feather in convenient shape for building 
purposes. Many farm-houses and barns in the surrounding country are built of this stone; some of them have been 
standing for a century, and show no evidence of being affected by the elements excepting to fade to a lighter color. 
Numerous small quarries in this ledge are being operated throughout Franklin county to obtain material for 
plaster and for fertilizers, and the amount thus quarried each year is very considerable. It is also extensively 
quarried, throughout the regions of Pennsylvania where it is exposed, for macadamizing streets of the cities and 
towns and the roadways through the country; it is admirably adapted to this purpose. Another characteristic of 
this stone, which has been before mentioned in connection with the quarries at particular localities, is its great 
durability and resistance to atmospheric conditions, with the one exception of its fading to a light color. In 
Chambersburg old buildings constructed of this stone are sometimes painted so as to imitate very nearly the 
original color, which is a dark blue or blue-black. 

Near Columbia, Lancaster county, the Lower Silurian limestone is quarried extensively at the Kauffman quarry, 
chiefly for railroad ballast and lime-burning. It is gray in color, massive, fine, and semi-crystalline in texture ; it 
is a calcareous dolomite, containing a little protoxide of iron; and, although having considerable magnesia in its 
composition, it is very extensively used for furnace flux. The total neight of the face of the quarry is 85 feet, and 
the courses are from 2 to 10 feet in thickness. The strata are inclined at various angles, there being considerable 
irregularity. There are two different ledges of the limestone in this quarry, disposed non-conformably to each 
other, though the character of the materials is about the same. The material is not so brittle as the limestone of 
the Trenton age quarried for ballast at Orbisonia and Morell, in Huntingdon county, and therefore requires more 
labor in breaking up. There is a marked difference between the stone in the Kauffman quarry and that quarried 
immediately across the Susquehanna at Wrightsville, in -York county. The latter is white and otherwise 
apparently much altered by metamorphic action, and differs from the Montgomery County marbles in being less 
erystalline. 

At Wrightsville, in the quarry of Kerr, Weitzel & Co., the limestone is of a white and light gray color and fine, 
compact texture; it is a calcareous dolomite, the proportion of magnesia being considerable. 
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The following is an analysis of samples of four different varieties of this limestone, made by the state chemist . 
of Maryland in Baltimore, in 1857, with a view to introducing it extensively as a fertilizer in the country bordering 
the Susquehanna river and upper Chesapeake bay, to which place there is ready access by canal: 
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The limestone from quarry No. 1 is of uncommon purity, and its lime is especially adapted to application on 
white-oak soils. The limestone from quarry No. 2 is a weak magnesian limestone; its lime is well adapted to 
application on soils which are moderately deficient in both lime and magnesia. These are in particular the volcanic 
soils of some counties in Maryland. The stratum in this quarry is 70 feet in thickness, and is tilted up to an 
angle of about 45°; and, though the inclination is different at different places, there is no considerable irregularity. 
The material at the point where quarried has been so much changed, apparently by metamorphic action, that 
it has very much the appearance of what are commonly called marbles, excepting that crystallization is not so 
apparent. The color is sometimes white, sometimes bluish. There is no regular division into layers, the stone 
being simply a much-jointed mass; and it would not be practicable to obtain large, regular blocks for building 
purposes. The railroad depot at Columbia is built of small, irregular blocks of this material, firmly cemented 
together in the style commonly known as rock-faced work. It presents a very pleasing appearance, and stone for 
this style of construction can be obtained in inexhaustible quantities here. The stone which is now quarried is the 
No. 1 given in the analysis, and is chiefly burned for a fertilizer and for building lime on the eastern and western 
shores of Maryland, to which, as before mentioned, there is ready access from the quarry by water, although some 
of it is now shipped by rail. 

A specimen of the Lower Silurian limestone forwarded by E. V. D’Invilliers, of the Second geological survey 
of Pennsylvania, from near Yellow House, in Berks county, is a bluish-gray, fine, compact, indistinctly-stratified 
magnesian limestone containing a little iron. 

The great Magnesian limestone formation which extends across Pennsylvania from the Delaware river to the 
Maryland state line, along the north foot of the South mountains, sinks northward and rises again to the surface 
in the valleys and coves among the mountains of middle Pennsylvania, viz, in McConnellsburg cove, Kishicoquillis 
valley, Morrison’s cove, Nittany valley, Spruce Creek valley, ete. 

A specimen from Spruce creek, Huntingdon county, is a blue-black, fine magnesian limestone, compact in 
texture, and breaks with a conchoidal fracture. It contains graphite. 

Some description of the limestone in this region may be found in Vol. I, p. 500, of the First Geological 
Survey of Pennsylvania. This great limestone formation in Pennsylvania was called by Rogers the ‘ Auroral” 
limestone, and it is termed by the Second Geological Survey of Pennsylvania the Siluro-Cambrian, and quite as often 
the magnesian limestone, from the universal presence of magnesia in greater or less quantities. The same authority 
also has local names for it in different parts of the state, as the York limestone, in York county; the Lancaster 
limestone, in Laneaster county, and the valley limestone in Chester county. for analysis of the Siluro-Cambrian 
limestone see Report M M, p. 304, Second Geological Survey of Pennsylvania. 

DEVONIAN.—The only Devonian limestone quarried extensively in Pennsylvania is the Corniferous, of which 
there are massive beds exposed in the mountain regions in the central part of the state, and which are chiefly used 
for furnace flux and railroad and turnpike ballast. 

Among the principal quarries on this formation are those of the Warrior ridge, at Huntingdon, where the stone 
is quarried for ballast by the Pennsylvania railroad. It is here a dark drab, fine, compact, and brittle material, 
non-fossiliferous, and contains graphite, some iron, and little magnesia. According to the system of nomenclature 
observed in this report it is a true limestone. The total thickness of the ledge is about 100 feet, disposed -in layers 
varying from 8 inches to 3 feet. There are two layers of shale, each about 4 feet in thickness, one about 25 feet 
from the ledge, the other 5 feet lower, with limestone between. Numerous seams of calcite run through the stone. 
It is used only as ballast at present. It is said to furnish but a poor, mean lime when burned, and is not suitable 
for furnace flux. 

Tor a description of this ledge of Corniferous limestone in the Juniata valley see Report F, Second Geological 
Survey of Pennsylvania. It contains few or no fossils, and in this respect differs radically from the highly 
fossiliferous Corniferous limestones of Ohio and other parts of the west. 

Farther to the south, along the Warrior ridge at Cove station, in Huntingdon county, on the Broad Top 
railroad, the Shirley quarry is extensively worked for furnace flux, which at present is chiefly used by the Kemble 
Coal and Iron Company at Riddlesburg, Pennsylvania, to which place it is transported by rail. The ledge at this 
place is at least 200 feet in thickness, and possibly much thicker; it dips at an angle of 60°, giving the strata a 
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very fine position for quarry operations. One particular division of the strata deserves special notice; it is about 
15 feet in thickness, divided into layers from 2 to 4 feet in thickness; is uniform in character throughout, and, 
according to an analysis made for the Cambria Iron Company of Cambria county, contains 98.55 per cent. carbonate 
of lime. It is drab in color, massive, and coarsely crystalline in texture, containing a very little iron and magnesia, 
and is susceptible of a good polish. It is locally known asthe “fossil” limestone as distinguished from the rest of 
the ledge, which is non-fossiliferous. The fossils are chiefly three or four different species of brachiopods, found 
on the surfaces of the layers, but not within the stone, as when fractured it shows a uniform, highly-crystalline 
texture, as is also true at other quarries of this ledge. 

The non-fossiliferous part of the ledge, according to the analysis for the Cambria Iron Works, contains 94 per 
cent. of carbonate of lime; is very hard, compact, and brittle, breaking with conchoidal fracture, and would not 
in its natural condition be well adapted for purposes of construction, excepting for ballast on railroads and 
turnpikes. Only that portion of this ledge, 65 feet in thickness, which extends above the level of the stream is 
quarried. ‘lhe rapid dip of the strata carries it beneath the surface an unknown distance. 

Still farther south on the Warrior ridge, at Hyndman, at the junction of the Broad Top and Baltimore and 

‘Ohio railroads, this Corniferous ledge is quarried for furnace flux for use in Pittsburgh, to which place it is 
transported by rail. The stone is here a dark drab, massive, magnesian limestone, containing a little protoxide of 
iron and magnesia. It is fine, hard, and brittle in texture, and breaks with a conchoidal fracture. The face of the 
quarry is 200 feet in depth, and the strata are tilted to a vertical position. 

Although the strata in all the mountain regions of Pennsylvania are usually tilted at a variety of angles, it 
is unusual to find strata of limestone perfectly perpendicular. The layers vary in thickness from 1 foot to 2 feet 
in that portion of the ledge quarried. A width of about 50 feet of the strata is quarried at present, the quarry 
progressing into the hill, and the uptilted layers of limestone on each side forming perpendicular walls. 

A considerable part of the whole ledge is made up of layers of shaly, thinly-bedded limestone. Seams of 
calcite are frequent. It exists in inexhaustible quantities here, and the amount quarried for furnace flux, lime- 
burning, and fertilizers is increasing rapidly, as new quarries on the ledge are being started. 

Warrior ridge, upon which the Corniferous quarries at Huntingdon, Cove station, and Hyndman are located, 
is an outcrop of the Oriskany sandstone formation, which crosses the Juniata river a little above Huntingdon, and 
ranges northeast and southwest for many miles paralle! to and facing Tussey mountain, from which it is separated 
by the vailey of the Lower Helderburg limestone and Clinton red shale (fossil iron ore). Its crest and escarpments 
are cut into remarkable “pulpit rocks”. The dip is usually gentle to the southeast, but there are local anticlinal 
rolls, with very steep or vertical northwest dips. The return of the outcrop east, south, and southwest, around the 
head of Standing Stone valley, brings the Oriskany and the limestones above and below it back to the Juniata at 
the glass-sand quarries below Huntingdon, in Jack’s narrows. 

SuB-CARBONIFERUUS.—The only extensive Jimestone quarry producing stone for purposes of construction on 
other than Lower Silurian rocks in Pennsylvania is on the umbral or mountain limestone, a division of the sub- 
Carboniferous in Pennsylvania. 

This quarry is located 3 miles southeast of Connellsville, on the Baltimore and Ohio railroad, in a gap made by 
the Youghiogheny river in the Chestnut Ridge mountains, through which the railroad passes. The ledge on which 
this quarry is situated is one of the strata forming the anticlinal axis of Chestnut ridge. There is considerable dip 
of the strata to the northwest away from the crest of the mountain, the general direction of which is north-northeast 
and south-southwest. The joints in this quarry are about 15 feet apart, the ledge not being so much broken as is 
the case with nearly all the mountain ridges of Pennsylvania. The total thickness quarried is about 80 feet, with 
the bottom not reached, and the material is disposed in courses from 10 to 14 feet in thickness. Professor Stevenson, 
in Report K K of the Second Geological Survey of Pennsylvania, describes it as very compact, blue, breaking with a 
conchoidal fracture, and in general appearance bearing a close resemblance to quartzite. The analyses of specimens 
made for this report show it to be properly a limestone, containing some silica, protoxide of iron, considerable lime, and 
very little magnesia. Professor Stevenson describes the stone as essentially a sandstone, with cementing material 
of calcium carbonate, but analysis shows that it contains a sufficient proportion of carbonate of lime to be properly 
alimestone. It is a bluish-drab in color, fine and suberystalline in texture, and evenly bedded. 

In Pittsburgh, where there is much heavy traffic over the streets, it has given good satisfaction as a paving 
material; it is very hard and compact, resisting wear exceedingly well, and it is readily shaped with the hammer 
into rectangular blocks of a proper size for paving. 

This ledge has been thought to correspond with the Maxwell limestone of southern and eastern Ohio; in 
Pennsylvania it is variously cailed the siliceous, umbral, or mountain limestone, and lies on the Pocono or 
Vespertine sandstone, at or near the horizon of the Waverly series of Ohio, the formation producing the fine, 
compact sandstone so much quarried at Amherst, Berea, Brownhelm, Waverly, and other points on the sub- 
Carboniferous outcrops extending through the central part of Ohio from its northern to its southern limits. 

During the census year 52,000 paving blocks from this quarry were used in Pittsburgh. 
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CARBONIFEROUS.—The Carboniferous limestones of Pennsylvania are but little used for purposes of 
construction. At Van Port, Beaver county, on the Ohio river, there are quarries on the ferriferous limestone, (a) 
and the material is used chiefly for lime and furnace flux, though it has been employed to a slight extent for walls 
"and foundations. The stone is a massive magnesian limestone, fine and fossiliferous in texture, containing a littlé 
protoxide of iron. The total thickness of the ledge is about 11 feet, divided into three principal layers, of which 
the upper is 4 feet in thickness, the middle 3 feet, and the lower 4 feet. Thin shaly layers usually cover the top, 
and sometimes intervene between the principal layers. The middle layer resists the action of the elements and is 
susceptible of fine dressing. Although the color of this limestone is a bluish-gray where the face of the ledge is 
exposed, it weathers with a peculiarly-wrinkled, russet-colored appearance. It is highly valued as a furnace flux, 
and is used chiefly at Allegheny, Pennsylvania, Wheeling, West Virginia, and Mingo Junction and Steubenville, 
Ohio. 

TRIASSIC.—At various places near the South mountain, in Pennsylvania and Maryland, the Triassic (Mesozoic) 
formation consists of a calcareous conglomerate, made up chiefly of fragments of the magnesian limestone upon 
which it rests, and which bounds it on the northwest, cemented with a red clayey material, very calcareous from 
infiltration, and in Maryland called Potomac marble. When polished, the stone presents a very singular but pleasing 
appearance from the numerous fragments of which the mass is composed. A chemical analysis shows its ingredients 
to be about the same as those of the limestone, from which it is chiefly made up. A specimen from near Fairfield, 
Adams county, forwarded by A. E. Lehman, of the Pennsylvania geological survey, proved to be a dolomite, 
containing considerable reddish residue, clay-cementing material, and a little iron, which gives the clay its reddish 
color. It is here burned for lime. Its local name is “ calico rock”, from its peculiarly diversified appearance. 


SANDSTONES. 


TRIASSIC.—The geographical limits of the belt of Triassic age passing through southeastern Pennsylvania are 
described in the geological reports of that state as commencing at the west bank of the Hudson river in a broad 
belt extending from the bay of New York to the base of the first ledges of the Highlands, and as bounded on the 
northwest by this chain and its continuation; southwestward it traverses New Jersey, Pennsylvania, Maryland, 
and, in a more interrupted manner, Virginia and part of North Carolina, so that its total length is not less than 
500 miles, with a width in New Jersey of 20 miles between the Hudson and the Highlands. After crossing into 
Pennsylvania its breadth expands to nearly 30 miles, retaining this until it approaches the Schuylkill, when it 
contracts and maintains its course through Berks, Lancaster, Lehigh, Dauphin, York, and Adams counties, a 
breadth of about 10 miles between the Schuylkill and the Susquehanna rivers, and of 15 miles between the latter 
river and the Maryland state line. The south margin of the formation crosses the Delaware about 14 miles above 
the town of Trenton, and the north border crosses the Delaware at Durham, near Trenton. The geology of this 
formation is very simple, and is made up chiefly of red sandstones and shales alternately, the arrangement being 
in many places layers of sandstone of various thickness, with red shale intervening. The lowest portion of the 
formation is a conglomerate, chiefly made up of fragments of the primal rocks and limestones upon which it rests; 
then comes a considerable thickness of the red shales and sandstones, surmounted by the calcareous conglomerate, 
or “calico rock”, just noticed. The sandstones in the middle part of this formation is the portion which produces 
nearly all the building stone at present quarried from the formation. 

One of the principal quarries in Pennsylvania, on rocks of this age, is at Hummelstown, Dauphin county, a 
few miles east of Harrisburg. The material here is a brown, massive sandstone of a uniform and medium texture, 
and is quarried for caps, sills, trimmings, bases, steps, and other building purposes. It has been much used in. 
Philadelphia, Harrisburg, Williamsport, Pottsville, Reading, Lancaster, York, Richmond, Baltimore, Washington, 
and other cities of the east. The ledge is 85 feet in thickness in this quarry, dipping perhaps 40° to the 
northward, and outcrops in places, the stripping setting in and increasing as progress is made into the hill. It 
may be observed here that the dip of this Triassic sandstone in Pennsylvania is almost universally in a northerly 
direction, and remains steadily between about 15° and 40°. But there are remarkable exceptions to this rule, 
as shown on the sheets of the topographical map of the Durham hills and Reading mountains (by Berlin and 
D’Invilliers), published in the atlas to Prime’s Report D D D, Second Geological Survey of Pennsylvania. -A 
considerable tract east of Reading is covered with south dips varying from 40° to 75°. There are south dips 
alternating with north dips along the Schuylkill below Reading, and Professor Frazer reports local anticlinals in 
York county. 

The quarry is located on the south side of a hill. The stripping is not great, from the fact that the ledge is 
inclined at such an angle (409) that it may be followed downward without the necessity of taking off much cover. 
The face of the quarry is at present about 100 feet, which is greater than the real thickness of the ledge, a fact due 
to its inclination. The rock is evenly bedded, and in courses varying in thickness from 3 to 10 feet. Blocks of as 





a Under the Kittanning coal group, in the Lower Productive Coal Measures. 
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large a size as are desirable may be taken out. The jointing is rather regular, and the joints are from 4 to 40 feet 
apart. The topmost courses are of a reddish-brown color, resembling very much that of the Connecticut brownstone 
of the same formation, but the great body of the material is of a uniform, characteristic bluish-brown color, by 
which it is readily distinguished. Plate W represents a dressed surface of the Hummelstown brownstone. Among 
the buildings in which this stone has been chiefly used for trimmings are: In Washington, District of Columbia, 
the Bureau of Engraving and Printing and the residences of Hon. James G. Blaine, Senators Sherman and 
Cameron, and Colonel Jerome Bonaparte; in Philadelphia, the Academy of Fine Arts (basement), old. Trinity 
church, Academy of Sciences (basement), and Philadelphia library. A slab from this quarry was forwarded to 
the National Museum which has every indication of having been formed by being sun-baked when in a soft, plastic 
state, the cracks being filled by material swept over them by the waves. In the quarries at Goldsboro’, York 
county, the surfaces of some of the layers contain what resemble worm tracks or borings, and the stone is of a 
medium-fine texture, some of it conglomeratic, small siliceous pebbles being present; it is a reddish-brown in color, 
and has been quarried for caps, sills, steps, base courses, and trimmings generally, and is used in York, Harrisburg, 
Danville, Williamsport, and other cities in this part of Pennsylvania. Some of the trimmings in the Pennsylvania 
Capitol building are of this stone. It was not quarried during the census year. The total thickness of the ledge 
quarried is about 25 feet, in courses varying from 1 foot to 10 feet in thickness, with layers of red shale intervening 
between many of the courses of stone. The portions of the ledge nearest the surface are not so compact and 
durable as those below; this is, however, a characteristic of nearly all sandstone quarries. The distance from 
the railroad station is about 25 miles. 

Along the line of the Philadelphia and Reading railroad, in the vicinity of Mohn’s store, several miles south 
of Reading, Berks county, the Triassic sandstone, here a reddish-brown, massive stone of uniform medium-fine 
texture, not differing greatly in appearance from that quarried at Goldsboro’, York county, is quarried from 
surface rocks, which are scattered thickly over the ground, and is used for steps, caps, sills, fronts, base courses, 
and other trimmings, chiefly in Reading, where several churches are built of it. The ledge of sandstone is found 
in place, but the stone is not quarried, as there is a supply of the surface rocks fully seasoned by the weather, 
furnishing a reliable and durable material, while some of the layers of the Triassic sandstone in place show 
themselves, when first quarried, to be susceptible to the action of dampness and frost, and need some care in 
seasoning. Many of the farm buildings through the area covered by this formation in Pennsylvania are constructed 
of the sandstone from it. The color is always some shade of brown, or reddish-brown, from the intimate 
dissemination of iron oxide through the cementing matter. 

Within the limits of Norristown, Montgomery county, and the immediate vicinity of the city, the Triassic 
sandstone is quarried in a small way for local purposes, such as cellars, foundations, and ashlar for walls and fronts. 
The quarry just west of Bridgeport, across the Schuylkill from Norristown, ships a small amount of stone to 
Philadelphia. The location here is not far from the southern edge of the formation, and the stone quarried is from 
its lower strata, with a coarse, almost conglomeratic, texture and somewhat lighter color than the rock quarried 
higher in the strata. The total thickness of the ledge quarried here is about 14 feet, disposed in regular layers 
varying in thickness from 9 inches to 2 feet, some of which are separated by thin partings of the reddish clay. 
It is considerably jointed and broken. It is probable that layers of the stone lie below the bottom of the quarries 
at present opened in this vicinity. The stone presents a rougher appearance than that obtained from the same 
formation in most of the other localities where‘it is quarried, and it is of a lighter color, sometimes having only a tinge 
of brown. The color is not uniform throughout the quarries, and the buildings constructed of it in Norristown 
have a variegated appearance on this account, though there is not enough of variation to make the walls of the 
buildings present violent contrasts of color. This stone in the walls of buildings constructed of it over half a 
century ago still remains firm and durable, but its grade is not such as to make it important for other than local 
uses. 

At Lumberton, Yardleyville, Center Bridge, and other places in Bucks county, near the Delaware river, the 
Triassic sandstone is quite extensively quarried for cellars, foundations, bridge abutments, and ashlar, and is shipped 
chiefly to Philadelphia by rail and boat; it is also shipped to Camden, Norristown, and neighboring places. The 
material here is of medium texture, with indistinct signs of stratification, and usually of a light brown color. The 
quarries are on the lower portions of the strata. The bedding is fine and the courses are thick and regularly 
jointed, being usually from 8 to 20 feet apart. Among the buildings constructed of this material are the Bucks County 
court-house, at Doylestown; the insane asylum, Norristown; approaches to the South Street and Callowhill Street 
bridges; the Catholic churches at Lehigh avenue and Diamond street, and the wing of the Episcopal hospital, 
Philadelphia. ° ; 

At Newton, in Bucks county, a small amount of stone is quarried, the material being similar and used for the 
same purposes as that at Lumberton and Yardleyville. 

The stripping in all of these red-sandstone quarries is a red clay, and varies in depth from nothing to 12 or 15 
feet, excepting in the Hummelstown quarries, where the stripping is sometimes greater. As the ledge always has . 
considerable dip, it outcrops in places and the stripping increases more or less rapidly according to the topography 
of the ground. 7 
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LOWER SILURIAN.—Outside of the Triassic border to the north and west, middle Pennsylvania is a country of 
parallel sandstone mountains and shale and limestone valleys, of which the principal sandstone formations are the 
Oneida and Medina (No. IV), the Oriskany (No. VII), the Catskill (No. IX), the Pocono (Vespertine, No. X), and 
the Pottsville (Seral, No. XII); but in none of these except the Catskill have quarries of building stone been 
opened for commercial purposes, although the sandstones and conglomerates have been locally used for building 
purposes. 

The South mountains, which rise immediately from the north border of the Trias belt, are made up of Laurentian 
gneiss overlaid by Potsdam sandstone between the Delaware and Schuylkill rivers, and of Potsdam sandstone 
and Huronian porphyries between the Susquehanna river and the Maryland line. 

The Welsh mountain, on the south edge of the Trias belt, in Chester and Lancaster counties, is Potsdam sand- 
stone overlying (Laurentian?) gneiss. This Potsdam sandstone formation extends westward underground beneath 
the limestone plain of Lancaster and appears on the Susquehanna river above Columbia. 

Both above and below the Potsdam sandstone (quartzite) proper lie schists or slates which belong to the same 
formation and ought to bear the same name. The upper slates are calcareous and underlie the great Magnesian 
limestone (Lower Silurian) formation of the Cumberland valley. 

There is a quarry of Potsdam sandstone at Columbia, Lancaster county, in beds immediately underlying the 
Siluro-Cambrian limestone. It is used only for cellars, foundations, furnace stacks, and work of that class in 
Columbia, Harrisburg, and vicinity. The height of the face of the quarry is about 110 feet, in layers varying from 
3 to 20 or 30 feet in thickness. The strata are perpendicular and are sandwiched between strata of magnesian 
limestone. The horizontal measurement across the face of the quarry is from 1,200 to 1,300 feet. These two 
formations apparently form an anticlinal axis from which the top has been eroded. The stone is invulnerable to 
the attacks of the weather, is dry, and will absorb but little moisture; it has no regular cleavage and is somewhat 
difficult to get into proper shape for any but the ruder uses. It stands a high degree of heat. The material is fine- 
grained, calcareous, massive, compact, gray in color, having somewhat the appearance of an argillaceous schist, ana 
breaks with a very irregular fracture. 

In Northampton county, near Bethlehem, there is a fine, massive, gray, hard, and rather quartzitic sandstone of 
the Potsdam formation, lying in thick Fee and irregularly jointed, quarried for local purposes. 

UPPER SILURIAN.—Rocks of Upper Silurian age are but very little quarried in Pennsylvania for building 
purposes. 

Two miles north from Danville, on the line of the Bloomsburg division of the Delaware, Lackawanna, and 
Western railroad, and on the north branch of the Susquehanna river, in Montour county,.rocks of the Clinton 
subdivision of this formation are quarried for building purposes and for heavy foundations. It is a dark gray 
sandstone, massive, fine in texture, evenly bedded, and lies in medium to thick courses. This stone was used in 
the construction of the Danville insane asylum. 

Near Mapleton, Huntingdon county, at the west entrance of Jack’s narrows, a deep gap in Jack’s mountain, 
letting the Juniata river and the Pennsylvania railroad pass through, the face of the mountain is covered with 
surface rock of Medina sandstone to a depth of 50, perhaps 100, feet or more in places, making the mountain 
appear from some points like a huge stone heap. The stone is a light gray in color, of medium texture, irregular in 
stratification, very hard, and only less brittle than the limestone much quarried in the mountain region of this 
part of the state for railroad ballast. The stone here is used for railroad ballast and bridge abutments on the 
Pennsylvania railroad. It is very durable, resisting the elements well; blocks large enough to produce stone for 
bridge abutments do not occur often enough to furnish a convenient supply. Considerable selecting is necessary 
when blocks of this kind are desired, but the blocks are flat-bedded and large enough to be used for foundation and 
cellar work and for ashlar. The only labor necessary at this quarry is the breaking of the stone and sending them 
down the chute to the cars below. Tor description of Medina sandstone in Juniata valley see Report F, Second 
Geological Survey of Pennsylvania. 

At the upper end of Jack’s narrows the Oriskany sandstone is quarried extensively for glass-sand; it is too 
friable at this point to answer for building purposes. The strata stand vertical or with a very steep westerly dip. 

DEVONIAN.—At Weissport, in Carbon county, there is a fine, thin, and evenly-bedded carbonaceous sandstone 
of tbe Marcellus Shale age quarried to a limited extent for flagging and other uses at Weissport, Mauch Chunk, 
and Bethlehem ; it is dark gray, approaching black in color, due probably to the carbonaceous matter in it. The 
depth of the material quarried is about 12 feet, out of which about 5 feet are suitable for flagging, the workable 
material being disposed in beds a foot or two thick ree the mass. The flags are from half an inch to 8 inches 
in thickness; dip of the strata, 20°. é ; 

The Marcellus shale in this vicinity is reported to contain sufficient carbonaceous matter to occasionally amount 
to a thin streak of bituminous coal; and this is a characteristic feature of the formation in many counties of the 
state. In Perry county it contains numerous thin streaks of coal. 

Next in order, progressing to the northward, in eastern Pennsylvania are the Catskill beds, which contain 
the flag-stone quarries of the Delaware River valley, above Port Jervis, in Pike county. The rocks here quarried 
have been by the Pennsylvania Geological Survey named “ Delaware flags”. They are quarried chiefly for sidewalk 
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paving and other flagging, and for curbs and trimmings. It is dark grayish, usually massive, but sometimes 
indistinctly stratified, fine, compact, and hard in texture. It lies usually in even parallel layers from 1 inch to 12 
inches and upward in thickness. It is marketed in Philadelphia, Newark, New York, New England, and Washington, 
and is known as the New York blue-stone, going into the market with stone from Ulster county, New York, from 
which material it is scarcely distinguishable. 

The surface of the country in this section is very hilly and rugged. The strata are nearly horizontal, and the 
roughness of surface has been produced by erosion simply. i 

The flags are quarried along the face of the steep cliffs, on both sides of the river, at a number of convenient 
points where the fallen débris is not too thick. On starting a new place the quarrymen usually have to remove 
about 6 feet of worthless rock, getting about 4 feet of flags, increasing from 1 inch to 12 inches in thickness from 
the top downward. Selow this the layers continue to increase in thickness, and are considered too thick for 
flagging. Machinery has not been used except as an experiment. Some of the Pike County flag-stone is quarried 
at higher elevations and is of a somewhat lighter color than that which is quarried lower. The method of 
transportation to Philadelphia, where much of the stone is used, is by canal to Rondout on the Hudson, thence 
round by water, but to points in New York, New England, and New Jersey usually by rail, so as to avoid transfer. 

The Catskill sandstone is quarried in the mountains near Scranton, chiefly for local use in bridge abutments, 
cellars, and foundations. It is here of a buff color, medium hard in texture, indistinctly stratified, and lying in even 
parallel seams from 3 to 20 inches in thickness; the joints are usually from 12 to 15 feet apart. The quarry is 
located in a mass of stone exposed on the northwest side of the mountain west of Scranton. There is no stripping; 
the dip of the strata northwestward is about 25°; the thickness of the beds quarried 30 feet. The blocks readily break 
into rectangular shapes with proper management. As nothing but cobble pavement, and but little of that, has 
thus far been used in Scranton and neighboring towns, there has been no demand that would justify a trial of the 
experiment of shaping this stone into paving blocks. It is stated in the geological reports that the lithological 
characteristics of this ledge are those of the Pocono sandstone, but that there are some stratigraphical relations that 
indicate it to be Catskill. 

In the mountains a few miles east of Wilkesbarre, in Luzerne county, the Catskill red sandstone is quarried for 
sidewalk-paving, caps, sills, and ashlar. The stone here is quartzitic in appearance, of medium texture as to 
firmness, and lying in even parallel courses of thin to medium thickness, with beds inclined at various angles 
according to locality; the joints range from 20 to 40 feet apart. It is shipped by rail to Wilkesbarre, Allentown, 
Bethlehem, Easton, and neighboring towns. This formation is the principal one exposed on the side and crest of 
the mountain which borders the Wyoming valley on the east. The soil on the mountain is sterile and scant from 
the slow weathering of the rock. There is but a scanty growth of cedar, hemlock, pine, and scrub brush, the crests 
of some of the ledges being entirely bald. The thickness of the workable stone in the quarries now opened is 
from 8 to 10 feet, in courses from 14 inches to 2 feet in thickness, the thin layers lying usually near the top, but 
sometimes intervening between thicker layers. Nearly all of the sidewalks in Wilkesbarre are paved with this 
stone. In the locality where the quarrying is done at Laurel run the dip of the strata is into the mountain. The 
stripping increases very rapidly, and the quarrymen keep around the skirt to avoid deep stripping. 

The Chemung beds of Wyoming county rank very high in the production of building stone. The material is 
quarried for all building purposes, and chiefly for caps, sills, bases, monuments, and trimmings. It is used in New 
York, Philadelphia, Boston, and Washington. The stone is fine, compact, massive, dark bluish-gray in color, lies 
in even parallel layers from a few inches to 6 feet or more in thickness, the courses at the top being usually thin, 
and increasing in thickness downward; the thicker beds are quarried extensively for flagging. The surface of the 
country is very broken and hilly, the hills being usually steep and rocky, showing the resistance of the stone to 
decomposition. Beds of good stone for flagging and general building purposes are found here and there at all 
elevations, flaggings of the same quality, texture, and general appearance being found at the foot and at she summit 
of the same hill; from 6 to 20 feet of good stone may be found at one place. The abruptness of the hills usually 
causes the stripping to increase rapidly ; the strata are nearly horizontal, the broken character of the country being 
caused by erosion. This stone does not scale or crumble. The expense of dressing the stone is comparatively 
high, but it is thought to fully repay for its costliness by the handsome and substantial character of the work 
constructed of it. The quarries at Black Walnut, Skinner’s Eddy, and Nicholson, all in Wyoming county, are of the 
same formation, and the material is the same as to quality. Gang and rip saws, rubbing-beds, and turning-lathes 
are used in dressing the stone. This stone has been used in the construction of the Produce Exchange building, 
the residence of Mr. W. J. Hutchinson, on Fifty-eighth street, and that of Mr. Addison Hutton, Fifth street, New 
York city; the residence of Mr. A. J. Dull, at Harrisburg, and the carved work for the interior decoration of 
St. Mark’s Episcopal church at Mauch Chunk, Pennsylvania. Other quarries in this vicinity produce flagging 
exclusively from the thinner layers. ‘The surface layers are usually not solid, but have a sort of laminated structure, 
and can readily be split into thin plates ; such flags prove to be inferior, on account of the separation of these plates 
by the water and frost. Considerable of the stone from these layers is shipped, but sells at a lower price. The 
lower courses are solid, quite substantial, and durable. For the past few years the amount of flagging shipped 
from this locality each year has been more than double that of the preceding year. 
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In beds at apparently the same horizon as those quarried at and near Meshoppen, stones similar in character 
are quarried for flagging, steps, water-tables, caps, sills, and monument bases, at Nicholson, about 20 miles east of 
Meshoppen, and are shipped to Scranton and vicinity and Easton, Pennsylvania, and to Hoboken and Morristown, 
New Jersey. Twelve feet in thickness of the ledge is quarried, but the bottom has not been reached. The courses 
are very even, and parallel and horizontal, varying in thickness from 1 inch to 3 feet, the thinnest layers at the 
top, though thin layers often intervene between the thicker ones. The section of country in which the quarry is 
situated is hilly and broken, caused by erosion, apparently, as the strata are all horizontal. The hills are made up 
mostly of stone, generally lying in thin layers. Where the quarries are located at the base of these steep hills the 
stripping increases rapidly. 

At Brandt, in Susquehanna county, on the Delaware and Hudson Canal Company’s railroad, the Chemung 
beds are quarried for flags, curbing, crossings, caps, sills, and other trimmings, which are shipped to Elmira and 
Binghamton, New York, and to Scranton, Pennsylvania, and vicinity. The stone is massive, fine and hard in 
texture, dark gray in color, and lying in even parallel courses from 2 to 8inches in thickness; the joints are 10 feet 
and more apart. Where quarried there are about 25 feet in stripping of cap or worthless rock, under which is a 
bed of good flagging 12 feet in thickness, lying horizontally; flags at the top are about 2 inches thick, and they 
increase very regularly in thickness downward, the bottom flag being 12 inclies thick; beneath the flagging is a 
bed of brittle, crumbling slate. The surface of the country here is very rough and broken, and beds of the flagging 
occur at almost every elevation. 

At Mainsburg, Tioga county, the Upper Chemung beds are quarried for paving flags, which are shipped to 
the neighboring towns in the south-central part of New York. The stone is dark gray, sometimes massive, and 
sometimes distinctly stratified, lying in even, thin, and horizontal courses. The bed of the quarry is about 8 feet 
in thickness, covered by a solid stratum of hard, dark-colored shale, which is removed by drilling and blasting. 
The courses are from 1 inch to 8 inches in thickness, most of them being less than 4inches. The 3- and 4-inch courses 
make very desirable material for sidewalk flagging, the thinner courses being adapted only to use in pavements 
which are not required to sustain much wear nor heavy shocks. The natural blocks are usually nearly square and 
quite evenly and smoothly bedded. The bed will at the present rate soon be exhausted in the hill where it is now 
quarried, butit is probable that in some of the surrounding hills beds of equally good quality exist. An ordinary 
paving material is quarried in the Red Catskill formation near Wilkesbarre and Osceola, Tioga county. 

Sandstone of Chemung age is quarried at Farrandville, Clinton county, for ordinary building purposes, and is 
used chiefly at Danville, Montour county, Pennsylvania. It is buff in color, massive, and of medium texture, lying 
in even courses of varying thickness. The front and tower of the Bloomsburg jail, the Memorial church at the 
same place, and the Danville National Bank building are constructed of this stone. 

At Queen’s run, in Clinton county, Devonian rocks of Catskill age are quarried for foundations and bridges, and 
are used chiefly at Lock Haven, to which place they are transported by water. The stone is fine in texture, indistinctly 
stratified, dark gray and brown in color, and lying in even courses of medium thickness. The use to which this 
stone is most applicable is curbing; it is used in the rough for cellar walls and bridge abutments, sometimes rough- 
pointed for these purposes. Some of the courses make an ordinary material for sidewalk pavement. The stone 
has been quarried at various localities in the vicinity along the bank of the river. The strata of quarry rock are 
found at different horizons; they are usually but a few feet in thickness, and the dip soon carries them under, so that 
they are not quarried extensively at any one locality. 

The Oriskany sandstone has been extensively quarried for bridge abutments and wall stone near McVeytown, 
and is used for bridge abutments and wall stone at Harrisburg, Pennsylvania, and along the line of the Pennsylvania 
railroad, chiefly on the middle division. It is gray in color, coarse in texture, its stratification is even and parallel, 
lying in even, regular courses of varying thickness. Up to the present time only the surface rocks have been quarried 
at this place; they are scattered over the sides and top of a low anticlinal ridge of Oriskany sandstone lying just 
east of McVeytown and parallel to Jack’s mountain, which rises a couple of miles to the west. It is estimated 
that $1,000,000 have been expended on this ridge in quarrying and preparing this stone, chiefly for bridge abutments 
on the Pennsylvania railroad. It is rather rough in texture, but very hard and durable. The sandstone usually 
has a ripple-marked surface, but the natural blocks are usually rectangular in shape and nearly as regular as if 
sawed. The much-weathered rocks on the crest of the ridge exhibit casts of a brachiopod (probably the Spirifer 
arenosus) in abundance. There is yet a large supply of the stone in the shape of surface rocks, and, because less 
expensive, they will probably all be removed before the rock in place is touched. 

The sides of the mountain near Altoona, Blair county, are thickly strewn with surface rocks of different 
formations, chiefly Catskill, Pocono, Pottsville conglomerate, and Mahoning sandstone, which furnish nearly all 
the building stone for cellars, foundations, terrace walls, and other ordinary building purposes, and is used in the 
town of Altoona and vicinity. These surface rocks are gray in color, and, though varying much in color and texture, 
are usually very hard and durable; on breaking up they exhibit many cracks and fissures, due to the effects of fire 


passing over the mountains. The material is too rough and hard to dress well, and is only suitable for the ruder 
building purposes. 
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At Lebeuf, Erie county, the third oil-sand, locally so called, which is of Devonian age, produces a sandstone 
used at Erie for foundations, bridges, flagging, sills, and other trimmings. It is gray in color, fine in texture, 
distinctly stratified, and evenly bedded, the courses being of medium thickness. This formation produces the 
best building stone quarried in Erie county. When seen in the stone-yards, fresh from the quarry, it can hardly 
be distinguished by its general appearance from some of the stone quarried at Berea, Ohio. By some geologists 
the third oil-sand was for a long time supposed to be the equivalent of the Berea grit in Ohio, but it is now pretty 
generally admitted that the Corry sandstone, several hundred feet above the third oil-sand and above the whole 
Venango oil group, is the equivalent of the Berea grit. The Corry sandstone in Pennsylvania does not possess the 
valuable characteristics of its equivalent, the Berea grit, in northern Ohio. There are a number of quarries worked 
to a limited extent in the third oil-sand in Erie county. The rock of this formation has been quarried in different 
localities at different times for local and temporary demands, but there are few permanently-worked quarries in the 
county. The rock contains petroleum and soluble sulphates in such large quantities that it is not a desirable 
material to be used in fine buildings. Builders say it “sweats and spoils everything below it”. It is, however, a 
good material for bridge-building and other like purposes. The stratum in the quarries is about 11 feet in thickness, 
the courses varying from 8 inches to 34 feet thick. A section of the quarry is as follows: 
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The stone is quarried chiefly on the left bank of French creek. The stripping constantly increases as the 
excavation is carried farther into the bank. The outcrop of the quarry rock is about half a mile in length, and a 
large amount of the stone may yet be quarried with a little increase of stripping. 

At Jackson station a quarry is opened in the third oil-sand formation, and experiments are being made with 
the rock with the expectation of successfully marbleizing it for mantels in the same manner as the Euclid (Ohio) 
stone. 

Devonian rocks of Portage age are quarried a few miles east of Erie for foundations in that city. The stone is 
gray in color, fine in texture, indistinctly stratified, and evenly bedded in layers of medium thickness. The principal 
quarry is in a stratum of fine-grained sandstone from 20 to 30 feet in thickness; in some places there are two or 
three courses from 6 to 12 inches thick, and in some places the stratum is solid. The rock contains petroleum and 
other soluble impurities which make it unfit for use in all buildings exposed to the atmosphere. Other quarries of 
the same rock are quarried near the lake shore, the quality of the rock being about the same in all the quarries on 
this formation near Erie. <A blue, impure sandstone in the Chemung flags is quarried occasionally to a limited extent 
at different localities in the vicinity of Erie. 

SuB-CARBONIFEROUS.—Rocks of the sub-Carboniferous formation in Pennsylvania have thus far been quarried 
but little for purposes of construction. I¢ will be noticed that there is but one limestone quarry of importance located 
on rocks of this age in Pennsylvania, and the following description will give an idea of the extent to which the 
sub-Carboniferous sandstones are quarried in the state: 

Three miles north of Scranton, in Lackawanna county, in the side of the mountain a short distance westward 
of that city, and close to a quarry in the Catskill sandstone before. mentioned, there is a quarry located on rock, 
probably, though not certainly, of Pocono sandstone of sub-Carboniferous age. The stone is much softer than that 
in the quarry of Catskill sandstone, and produces the best cutting stone in the vicinity; it is used for base courses, 
caps, sills, and other trimmings at Scranton, and was used in the construction of the Megargill and Cornell bank 
in that city. There are 26 feet of workable stone in this quarry, the thickness of the layers being from 3 inches to 
2 feet, with the thinnest at the top, although thin layers occasionally intervene between the thicker ones. The dip of 
the strata is about 259°. 

Two miles northwest of Altoona, in Blair county, on the Pennsylvania railroad, sandstone, probably of Pocono 
age, is quarried for cellar walls and foundations in Altoona. The material is gray, of medium texture, evenly and 
distinctly stratified, evenly bedded, and in courses varying from 1 foot to 4 feet in thickness. The stratum is much 
jointed, being usually not farther apart than from 5 to 10 feet. The total thickness of the ledge is about 15 feet. 
The stratum inclines about 45°, and dips into the hill in such a way as to increase the stripping very rapidly, so 
that it is not practicable to follow the ledge far into the hill. 

Four miles southeast of Uniontown, at the west foot of the Chestnut ridge, the Pocono sandstone is quarried 
for lining steel furnaces, cupolas, and converting-furnaces. It is used chiefly at Pittsburgh and at Braddock’s Field, 
Pennsylvania, and Saint Louis, Missouri. It has been used in the construction of cellars and foundations. It might 
be used for ordinary building purposes, but is rather hard to dress; and there is such a demand for it as firestone 
that the latter will probably continue to be the principal purpose for which it will be used. It is light gray in color, 
of medium-fine texture, irregularly stratified, evenly bedded, in courses varying in thickness from 2 or 3 inches to 
8 inches. Only about 15 feet of the stratum is quarried, and the courses below are probably thicker. The Pocono 
sandstone in this locality is found also on the top of the synclinal arch of Chestnut ridge, the inclination of the strata 
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being such as to bring it near the surface at nearly every point on the west side of the mountain. It is quarried 
about a mile up the side of the mountain, at Turkey’s Nest, on the National road, as it has been quarried at the 
summit of the mountain above, where the stone is said to be superior to that at the other points mentioned, but 
transportation is so costly from the summit that the quarry there is not operated at present. 

At Venango, in Franklin county, the Chenango sandstone, a subdivision of the sub-Carboniferous rocks in 
Pennsylvania,,and known in Warren, McKean, and neighboring counties by the name “ sub-Olean”, or ‘flat pebble 
rock”, is quarried for sidewalk paving and general building purposes, and used in Franklin and Oil City. It is 
gray in color, fine and uniform in texture, evenly and distinctly stratified, evenly bedded, and lying in courses from 
1inch to 30 inches thick. This formation, like the Corry sandstone, was supposed for a time to be the equivalent of the 
Berea grit in Ohio. In this locality some portions of it somewhat resemble the Amherst “ buff” stone in appearance, 
and other portions have very much the appearance of the Amherst ‘“ blue”; and the material is more nearly equal 
to the famous Ohio stones mentioned than is that of any other quarry in northwestern Pennsylvania. The thicker 
courses, from 4 to 6 inches in thickness, are used largely for sidewalk paving, and large blocks from the heavier 
courses can be split into thin slabs by means of wedges. These quarries are located in the right bank of the 
Allegheny river. 

On the opposite side, about one mile back from the river, is a quarry which has been worked quite extensively 
in the past for paving stone. The layers vary in thickness from 1 inch to 6 inches, and the stone is very micaceous 
and tough. The stratum of quarry rock in all these quarries is about 15 feet in thickness. The amount of 
stripping rapidly increases as work is carried farther into the banks. 

The Chenango sandstone is also quarried at Titusville, Crawford county, for local use in bridges and foundations. 
lt is here gray in color, massive, coarse in texture, evenly bedded, and in thick layers. The rock from this stratum 
is used more than any other for building purposesin Crawford county. It is usually colored with peroxide of iron, 
nodules of which frequently occur from a quarter of an inch to 2 inches in diameter; the color is not uniform, 
though seldom disagreeable to the eye. The texture differs but little from that of the stone obtained from the 
conglomerate measures above, except that it is usually more uniform. The rock in most localities very much 
resembles the Waverly conglomerate of Ohio, and if the following correlation can be sustained the two formations 
are identical: 
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But so far as the economic value of these different formatious is concerned their identification is of little 
consequence. The highly valuable deposit of Berea grit in northern Ohio becomes an almost worthless rock within 
100 miles east of where it has its maximum development. The Chenango sandstone is usually an ordinary coarse- 
grained rock, but near Franklin, Venango county, Pennsylvania, it is a uniform, fine-grained sandstone, and is 
perhaps the most valuable sandstone deposit in western Pennsylvania. 

The Sharon conglomerate, existing over an extensive territory and locally known by various names, as 
“second mountain-sand”, and “ Ohio,” “ Garland,” and “‘ Olean conglomerate”, is in some localities a mere mass of 
quartz pebbles loosely cemented together, and in texture varies from this to a fine-grained blue-black stone. It 
is quarried near Greenville, Mercer county. 

CARBONIFEROUS.—AsS before stated, the Carboniferous rocks in western Pennsylvania and the isolated tracts 
of the same area in the anthracite regions of the northeastern part of the state, have thus far produced scarcely 
anything but sandstones for building purposes, and the general statement may be made that they were quarried 
only for local use. These sandstones intervene between the different beds of coal in the Coal-Measure formations, 
and are often of coarse and conglomeratic texture, though occasionally fine and compact. The anthracite region 
gets its supply of building stone mostly from the Chemung, Catskill, and other Devonian rocks quarried at 
Meshoppen and Nicholson, Wyoming county, and at various places in the mountains extending through the 
region, and the Carboniferous sandstones are but little drawn upon. 

At Shickshinny, Luzerne county, on the Bloomsburg division of the Delaware, Lackawanna, and Western 
railroad, there is a quarry of sandstone of Carboniferous age quarried chiefly for bridge-building and other railroad 
work on the line of railroad above mentioned. It isa dark gray sandstone of medium texture, evenly and distinctly 
stratified, evenly bedded, the layers at the top being 2 inches thick, and at a depth of 100 feet 4 to 6 feet thick. 
The top stone is used for sidewalks at Wilkesbarre and other towns alon g the banks of the Susquehanna river, and 


at Danville, Scranton, and Lancaster, The jail at Danville is built of this stone, and also the side walls of the 
Bloomsburg jail. 
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Progressing northward and westward from the anthracite region we come to the Carboniferous rocks in Tioga 
-county. At Antrim, in that county, they are quarried for bridge work and general building purposes, and are used 
chiefly at Corning, New York. An Episcopal church at Antrim, and a court-house at Wellsboro’ are built of this 
stone. It is light gray, massive, and coarse in texture, evenly bedded, and in thick courses. Much of the material 
obtained here is almost a purely white sandstone; itis a strong and durable rock, and holds its color well. It presents 
- the best appearance when used in connection with a dark-colored stone, as is well shown in one of the county 
buildings at Wellsboro’, the white sandstone structure being trimmed with white Medina sandstone. It works 
rather hard under the chisel, and its use is thereby greatly limited. There are indications, however, that if the 
excavation were carried farther into the bank a softer material would be obtained where it has not been so thoroughly 
drained; or, in the language of the quarrymen, ‘ where it still contains the sap.” 

Near Somerset, in Somerset county, there is a flag-stone quarried and used locally for sidewalk paving. It is 
gray in color, of medium texture, irregularly stratified, very evenly bedded in thin layers, and but little jointed. 
The total thickness of the ledge is not exposed; it is quarried to a depth of 6 feet only, coming out in blocks varying 
in thickness from 2 or 3 to 10 inches, the average being from 4 to 6 inches. The general shape of natural blocks is 
exceedingly regular, presenting, however, an apparently ripple-marked surface. The flags are very hard and would 
be difficult to dress to a smooth surface, but they resist foot-wear exceedingly well. 

At Johnstown, in Cambria county, the Mahoning sandstone, at the top of the Lower Productive Coal Measures, 
is quarried for general building purposes and used locally. It is dark gray, massive, medium, but uniform texture. 
The stratum of quarry rock is about 20 feet in thickness, the courses varying in thickness from 8 to32 inches; there 
being one 32-inch course near the middle of thestratum. This is the firmest and most uniform in texture, and the most 
durable material for steps, for which purpose it is largely used. There are thin beds of ferruginous, shaly material 
between some of the layers. Sometimes this ferruginous material amounts toa thin layer of rich, compact iron ore. 
The stone itself is ferruginous, and when freshly quarried presents a compact, bluish appearance, flecked through 
with minute spots of peroxide of iron; and when exposed for a time it changes to a rough reddish-brown color toa 
depth of 5 or 6 inches. There is alayer about 4 feet in thickness about the center of the ledge. Itis so ferruginous 
as to render it inapplicable to building purposes. 

The Homewood sandstone (which is the uppermost of the three subdivisions of the Pottsville conglomerate 
formation, No. XII, underlying the Coal Measures) of the Pennsylvania geological reports is quarried for bridge 
construction at Iowa station, Jefferson county, onthe Allegheny Valley railroad, and used on the low-grade division 
of that road. It is a gray, massive, coarse stone, evenly bedded, and in thick courses. Ordinary stone for 
foundations, bridge abutments, and work of that class can be obtained almost everywhere along this line of railroad 
from Driftwood to Red Bank; the best perhaps is found in the immediate vicinity of Brookville. It has been used 
in this town extensively, but only detached blocks have been quarried. The railroad company does not always obtain 
stone in the same locality, but moves from place to place according to convenience. 

At Freeport, Armstrong county, the Mahoning sandstone is quarried for bases and steps, and used along the 
line of the Pennsylvania railroad from Allegheny to Tyrone. It is gray and light brown in color, irregularly 
stratified, coarse texture, unevenly bedded, and in courses of medium thickness. This stratum has a much better 
development farther north, in Clarion county, and it has been quite extensively quarried near Catfish in that county, 
and near Logansport, Armstrong county. The stone for the construction of the court-house at Kittanning and 
that for the construction of the new jail at the same place were obtained near Catfish. The texture of the stone 
differs but little in these two localities, but the color of the Catfish stone is lighter and more uniform than that of 
the Logansport stone. At these eines the materialis quite free from mica. 

About 2 miles north of Penn Junction on the Allegheny Valley railroad the full chieh nant feet—of the 
stratum is exposed ; here the upper and lower portions are quite micaceous, and the middle portion contains very 
little mica. At the Fieeport quarry mica scales are found in abundance fiom the top to the bottom of the stratum ; 
here the color of some portions of the rock is brown and other portions light bluish or nearly white. The darker 
portions have the reputation of being quite durable, but the lighter portions are not so. The stone from 
Catfish and Logansport wears away rapidly when used for Steps and door-sills, but lasts quite well when merely 
subjected to atmospheric action. It is easily broken by concussion, but is capable of withstanding considerable 
pressure.. 

A quarry near Cowanshannock, a few miles north of Kittanning, has been worked quite extensively from time 
to time. From this and the Catfish quarries stone has been largely shipped to Allegheny and Pittsburgh. 

Mahoning sandstone is quarried at Lucesco, the junction of the Allegheny Valley and West Pennsylvania 
railroads, on the Allegheny river, in Westmoreland county, and used chiefly for cellar walls and foundations for 
manufacturing establishments at Pittsburgh. It is employed to some extent for caps, sills, and other trimmings; it is 
gray, irregularly stratified, and of medium texture, evenly bedded and in thick courses, though much broken at the 
outcrop. The total thickness of the ledge of the quarry is 60 feet, with indications that it will be found thicker as the 
quarry progresses in the hill. The hill is so steep at this point that the stripping must increase rapidly unless the 
ledge sets in more heavily to compensate. The material of the upper 40 feet of the ledge is rather coarse in texture; 
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with considerable iron in it; that of the lower 20 feet is of a bluish color, close, compact, much finer and more uniform 
in texture, and proves to be superior to the upper for building purposes. Only the outcrop has as yet been touched, 
and the ledge presents a broken appearance; but layers 10 feet in thickness are occasionally seen, indicating that 
as the quarry progresses in the hill the base will not be broken. The Mahoning sandstone is quarried at Derry 
station, Westmoreland county, on the Pennsylvania railroad, for ordinary building purposes; it is coarse in 
texture, with signs of stratification distinct, reddish-gray in color; it is used at Greensburgh and other places in 
Westmoreland county, and at McVeytown. The supply is obtained from large surface bowlders found along the 
west side of Chestnut Ridge mountain; in this part of the state large surface bowlders of the Mahoning sandstone 
are found and broken up to obtain material for ordinary building purposes. The stone splits readily into regular 
blocks, and is variegated in color by alternate different shades of a reddish color parallel with the stratification. 

Near Derry station, on the Pennsylvania railroad, another ledge of sandstone belonging to the Upper 
Productive Coal Measures is quarried chiefly for the construction of coke-ovens by the Loyalhanna Coal and Coke 
Oompany. The stone is gray, massive, uniform, medium in texture, and unevenly bedded in courses varying in 
thickness from 2 or 3 inches to 3 feet. The total thickness of the ledge quarried is about 19 feet. Large, irregular, 
detached masses from 6 to 8 feet thick, heterogeneous in composition and useless for building purposes, are frequently 
found embedded in the other stones; these are locally called “nigger-heads”. The blocks break up with rather 
irregular fracture, and the stone is not esteemed for any other purpose than the rough work required in the 
building of coke-ovens, and as these ovens are lined with fire-brick.the stone is not subjected to any great degree 
of heat. The quarry is situated at the foot and on the west side of the anticlinal axis known as Chestnut ridge; 
and there is considerable dip of the strata toward the northwest, away from the crest of the mountain. 

At Greensburgh the sandstone of the Upper Productive Coal-Measure series is quarried to a limited extent for 
cellar and foundation stone used locally. Itis gray, irregularly stratified, of medium texture, and unevenly bedded. 
The total thickness of the ledge quarried thus far is 15 feet, though in sinking a well close by the whole thickness 
of the ledge was found to be 37 feet. The layers as observed in the quarry vary from 3 inches to 2 feet in thickness, 
and a thin vein of coal lies beneath the ledge of stone. 

In Webster, near the Monongahela river, in Westmoreland county, a sandstone of the Upper Productive Coal 
Measures is quarried for paving and used in Pittsburgh. It is gray in color, fine in texture, evenly and distinctly 
stratified, evenly bedded, and in courses varying from 3 to 16 inches. 

At Scottdale, Westmoreland county, on the Southwest Pennsylvania railroad, the sandstone of the Upper 
Productive Goal-Measure series is quarried for the construction of coke-ovens and house foundations locally. It 
is of a brownish color, regularly stratified, and evenly bedded in courses varying in thickness from 2 to 8 inches. 
The total thickness of the ledge of the quarry is 44 feet, which thickness seems to continue regularly throughout. 
From the hardness of this stone and the ease with which it may be taken out for flagging, it seems better adapted 
to this purpose than to any other. 

At Layton station, Fayette county, on the Baltimore and Ohio rsilroad, there is a sandstone (between the 
Upper and Lower Productive Coal Measures) of the Lower Barren Measures quarried and crushed into sand for the 
manufacture of glass; it has, however, occasionally been used for building purposes. The abutments of the 
suspension bridge across the Youghiogiieny river at Connellsville, and those of the Saint Clair Street bridge 
at Pittsburgh, were constructed of this stone. It is light gray in color, of coarse texture, irregularly stratified, 
evenly bedded, and lies in two courses of 10 feet each in thickness, making the total thickness of the ledge 20 feet. 
The stone increases somewhat in hardness from top to bottom. This material seems very well adapted to all 
ordinary building purposes, but it serves so well for glass-sand that so far it has been found more profitable to 
quarry it for that purpose. ; 

Three miles southeast of Connellsville, Fayette county, on the Baltimore and Ohio railroad, is a sandstone of 
the Lower Productive Coal Measures also quarried for glass-sand. It very much resembles the material at Layton 
station, and is of such quality that it might be used for local building purposes. It is easily dressed, and exposures 
of the ledge which have not been disturbed artificially seem to indicate that the stone is durable. There is no 
regular division here into layers, the rock being usually found in one mass. The quarry is located on the side of 
the mountain, and the dip of the stratum is about 15 degrees at the point where quarried. 

In Connellsville, in the same county, the sandstone of the Barren Measures is quarried for ordinary building 
purposes and used locally. It is gray, coarse in texture, indistinctly stratified, and evenly bedded in courses 
varying in thickness from 2 to 3 inches at the top to 12 feet at the bottom of the ledge, the total thickness being 
about 40 feet. The nraterial of the uppermost 30 feet is of a light brown color, and appears to have a little clay in 
its composition; it cracks under the effect of water-soaking and freezing, is soft when first quarried, but hardens 
considerably on exposure. The stone breaks or splits rather easily in almost any direction; wears away rapidly 
under foot-wear, but seems very well adapted for use in caps, sills, and other trimmings. The color of the lower 8 
feet of the ledge is bluish, and the material is variable in texture, full of nodules of iron, and holds a good many 
fossil coal-plants. 

* Three miles southeast of Uniontown, on the side of the Chestnut Ridge mountain, surface rocks of Mahoning 
sandstone are found and broken up for ordinary building purposes, used chiefly at Uniontown. The material is 
gray, coarse in texture, with signs of irregular stratification. The blocks are sometimes as large as 30 by 20 feet 
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and 12 feet in thickness. When the large rocks are first broken the material is comparatively soft and easily 
worked; but it becomes hard on exposure to the air, and small fragments that have been long exposed to the 
atmosphere are extremely hard. This stone seen in houses in Uniontown built fifty or sixty years ago exhibits 
every evidence of durability. 

Near Waynesburgh, Greene county, sandstone of the Upper Barren (above the Upper Productive Coal) Measures 
is quarried to a limited extent for building purposes and for bases of monuments and other cemetery work, used 
locally ; it is gray, massive, and coarse in texture. Thus far only large surface rocks, some of them 30 feet square 
and 5 feet in thickness, have been quarried. There seems to be no exposure showing a ledge in place; some of the 
rocks are on top of the hills. It is uniform in color and texture, works well, may be split horizontally and vertically, 
and takes carving well for a stone of coarse texture, as raised lettering is sometimes worked on monuments of this 
material; it stands exposure, becoming harder after leaving the quarry. 

Near West Union, Greene county, on the Waynesburgh and Washington road, sandstone of the Upper Barren 
Measures is quarried for caps, sills, trimmings, and for ordinary building purposes and cemetery work. It is used 
at Waynesburgh, and the stone-work in the college building at that place is of this material. It is gray in color, 
massive, of coarse texture, and is obtained by breaking up surface rocks, which are from 10 to 20 feet square and 
5 or 6 feet in thickness. These rocks where exposed are covered with a thin, cement-like crust, on which grows a 
grayish moss. When the crust is broken the stone beneath is found not to be discolored by weather. 

Five miles west of Washington court-house, Washington county, on the Baltimore and Ohio railroad, 
sandstone of the Upper Barren Measures is quarried for caps, sills, curbs, steps, and other building purposes, and 
used locally. It is gray, coarse in texture, with signs of irregular stratification; the stratum is 20 feet thick, and 
solid, there being no division in the courses and few joints. The stone-work in the Washington and Jefferson 
College building at Washington, Penusylvania, and that in the town hall at the same place, are of this material. 
The texture and appearance of this stone are uniform throughout the ledge, and the material is among the best 
found in the vicinity, though the supply of good building stone in this section of the state does not seem to be 
either abundant or widely distributed. 

On the Pittsburgh and Southern railroad, 3 miles east of Washington, Pennsylvania, and on the National pike, 
about a mile east of that place, there are quarries of sandstone of the Upper Barren Measures, quarried chiefly for 
foundation stones, caps, sills, and other ordinary building purposes, and used locally. The foundation of Le Moyne’s 
crematory is of this stone. It is gray, coarse in texture, with signs of irregular stratification, uneven bedding, and 
in courses from 1 foot to 6 feet in thickness, the thin layers often intervening between thicker ones; and in blasting, 
the thick layers often divide into four or five thin ones. 

Near the Pittsburgh, Cincinnati, and Saint Louis railroad, 15 miles north of Canonsburg, Washington county, 
sandstone, locally called freestone, of the Upper Barren Measures, is quarried for paving and hearth stones; used 
also for sills in Washington, Mansfield Valley, and Pittsburgh, Pennsylvania. The stone-work of the Pennsylvania 
Reform School building, in Washington county, is of this material. It is gray, uniform, of medium fine texture, 
evenly and distinctly stratified, and evenly bedded. The total thickness of the ledge in this quarry is about 6 feet; 
the top layer varies from 8 to 20 inches in thickness, then follow two or three layers each about 2 inches, and next 
the bottom are layers from 8 to 12 inches in thickness, with thinner ones intervening. The bedding is exceedingly 
even and regular, the surface of the layers being as smooth as if sawed. For paving and hearth stones no dressing 
is needed except at the edges. The stone splits straight in the direction of the lamination, and vertically, but is 
hard to dress. It is a favorite in this region for paving and hearth stones. 

Near Monongahela City, Washington county, sandstone of the Upper Productive Coal Measures is quarried for 
ordinary building purposes, and is used chiefly in Pittsburgh and neighboring cities, and in the construction of 
the Monongahela bridge, Washington county. It is transported by rail and by boat. It is gray, coarse in texture, 
massive, evenly bedded in courses from 4 to 6 feet thick, and has a good local reputation. 

On the Ohio river and the Pittsburgh and Lake Erie railroad, at Stoop’s ferry, Allegheny county, the United 
States government quarries sandstone of the Lower Barren Measures for building purposes, to be used chiefly 
at Pittsburgh, and to some extent in the construction of bridges at Rochester and Davis Island dam, Transportation 
is by boat. It is gray, of medium fine texture, massive, evenly bedded, and in thick layers. This quarry has been 
opened for many years, and worked in a small way, but never to any great extent until the building of the 
Pittsburgh and Lake Erie railroad, many of the bridge abutments and culverts of which are built of this stone. 
A house standing near this quarry at Stoop’s ferry, built of this pecne forty-two years ago, is still in a good state of 
preservation. 

At Walker’s mills, on the Cairo and Saint Louis railroad, 12 miles west of Pittsburgh, Allegheny county, 
sandstone of the Lower Barren Measures is quarried for railroad-bridge masonry, and used on the divisions of the 
Pittsburgh, Cincinnati and Saint Louis railroad between Pittsburgh and Columbus, and also on the branches running 
from Pittsburgh to Washington, Pennsylvania, and Wheeling, West Virginia; it is gray, of medium fine texture, 
irregularly stratified, and unevenly bedded in courses varying in thickness from 18 inches to 5 feet, except the bottom: 
layer, which is in places 18 feet in thickness; none of them, however, are of a uniform thickness throughout, but vary 
considerably within short distances. Partings of shale from a few inches to over a foot in thickness often intervene 
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between the layers of stone. The lower part of the bottom layer is full of nodules of peroxide of iron, often 
weighing several pounds each. Coal-plants, known as calamites, are found in the lower portion of the ledge. These 
quarries are situated on the same ledge (the Morgantown sandstone of the Second Geological Survey of Pennsylvania), 
as the local quarries in the vicinity of Pittsburgh and Allegheny, and the character and appearance of the stone are 
the same as those of the stone quarried at the latter place. The total thickness of the ledge is about 80 feet, setting 
in thicker as the quarries progress in the hill. A thickness of about 30 feet at the top is of a thin, shelly, broken 
character, suitable for railroad ballast, for which it is extensively used by the Pittsburgh, Cincinnati, and Saint Louis 
railroad. Beneath this there are 50 feet or more of solid stone, lying in regular layers varying in thickness from 18 
inches to 5 feet, except the bottom layer, which is in places 18 feet thick. This sandstone, as well as nearly all of 
the sandstones in the region immediately surrounding Pittsburgh, has some calcareous matter in its composition, 
and wherever a face of the ledge of stone has been exposed for a long time it is very much honey-combed into 
fantastic shapes, apparently by the disappearance of this calcareous matter, leaving the more siliceous portions 
intact. The stone when first quarried is very sensitive to the action of frost, and quarrymen say it is best to get it 
out long enough before winter to allow the “‘sap” to dry out. 

At Mansfield Valley, Allegheny county, also on the Pittsburgh, Cincinnati, and Saint Louis railroad, Morgantown 
sandstone (near the top of the Lower Barren Measures) is quarried for bridge masonry, and its character is the 
same as that of the stone from the other quarries on the formation in this region. 

The Morgantown sandstone is quarried quite extensively in the hills within and near the limits of Pittsburgh 
and Allegheny, and it is used almost exclusively for cellars, foundations, sewers, and other underground work in 
those cities and vicinity. While its character is such as to exclude it from other building purposes, it seems to 
answer quite well for underground work, and supplies nearly all the stone used in the cities named for this class 
of construction. It is a bluish-gray in color, medium to fine in texture, with signs of irregular stratification, the 
bedding moderately even, in layers varying in thickness from a few inches at the top to 4 or 5 feet at the bottom of the 
ledge. Thin partings of shale sometimes rest between the thin layers at the top, especially at the outcrop. The 
usual thickness of the ledge is about 35 feet, though at Wood’s Run quarry and other places in the neighborhood 
it reaches a thickness of 100 feet. There is considerable calcareous matter in this stone, and in such a form as to 
make it liable to decomposition, especially in the smoky and acid atmosphere of Pittsburgh, and at present the 
inspector of buildings forbids its use for any purpose of construction except underground work. It was, however, 
frequently used in the construction of important buildings at Pittsburgh ; the court-house was built of it, and the 
stone in its walls is decomposing so rapidly that it is probable that within a few years a new building must be 
provided. The material when first quarried presents a substantial appearance, and it was formerly thought that 
the immense cliffs of it which were projecting gut of the hills everywhere in the vicinity would furnish an 
inexhaustible supply of building stone of superior quality for all purposes of construction, and many important 
buildings were constructed of it before the error was discovered. 

At Baden, situated on the Pittsburgh, Fort Wayne, and Chicago railroad and on the Ohio river, in Beaver 
county, sandstone of the Lower Barren Measures is quarried for foundations and other ordinary building purposes, 
and is used in Pittsburgh, Brownsville, Greensburgh, and vicinity. It was used in the construction of the post office 
at Pittsburgh. It is gray, massive, coarse in texture, evenly bedded, in three courses, 8 inches, 8 feet, and 7 feet, 
respectively, and is considerably broken by irregular joints. It was operated for the two years expiring in August, 
1880, by the United States government for stone used in the construction of Davis Island dam. 

At Kiasola station, on the Pittsburgh and Lake Erie railroad, in Beaver county, sandstone of the Lower 
Productive Coal Measures is quarried for ordinary building purposes, and is used in Pittsburgh. The bridge 
masonry and canal locks in the vicinity are constructed of this material. It is gray in color, of coarse texture, 
massive, and evenly bedded in thick courses. 

Near Beaver Falls, Beaver county, on the Pittsburgh, Fort Wayne, and Chicago railroad, 30 miles northwest 
of Pittsburgh, sandstone of the Lower Productive Coal Measures is quarried for steps, fronts, curbstones, trimmings, 
monuments and other cemetery work, fences and walls, and is used in Pittsburgh and vicinity. It was used in the 
construction of Hostetter’s stone front on Fourth avenue, Pittsburgh, and in important buildings in that city. 
It is gray in color, rather coarse in texture, with signs of irregular stratification, is evenly bedded in layers varying 
from 6 inches to 5 feet in thickness, with thin shale sometimes between. This is a strong and durable stone, and 
surface blocks which have slipped from the ledge, and which have been exposed for ages, indicate that it stands 
exposure well. The quarry is on the crest of a hill 300 feet above the Big Beaver, which flows half a mile from its 
base and discharges into the Ohio 5 miles distant. The following is a slight description of a section of this quarry: 
The top layer is a material of uniform color, red when quarried, taking its color from the red iron ore immediately 
overlying the quarry. A thin bed of shale intervening between each two strata facilitates the working of the rock; 
between the first and second layers are some thin beds varying from 6 inches to afoot in thickness. No. 2 isa very 
fine, close-grained, white stone, occasionally of a buff or straw color. It is reported to be the best in the quarry, 
and ranks well with the different stones used in Pittsburgh for building or cemetery purposes. The supply from 
this bed is not sufficient for the demand. No. 3 is a hard, heavy, fine stone, always brown in color, except along 
the cleavage, where it is white. No. 4 is usually a straw or buff color, strong and fine in texture. No. 5 is softest, 
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sawing well, and variegated in color so as to be objectionable for rubble work ; intervening is a thin bed of shale of 
bluish color, under which lies No. 6, resting on a coal bed. No. 6 is blue in color, except the sap coloring, which is 
buff, penetrating from 1 foot to 2 feet. Nos. 5 and 6 sometimes come together, forming one course. Nos. 3 and 4 
sometimes contain “nigger-heads” weighing occasionally from 10 to 20 tons. They are blasted out and thrown 
over thedump. The lower (No.6) contains fossil coal-plants; in the other rocks the fossils are silicified. Between 
Nos. 1 and 2 there are fossils of stigmaria quite perfect and entire, and the joints are frequently filled with stalactites. 
‘There is a slight dip from northwest to southeast. 

At Homewood, Beaver county, sandstone of the Lower Productive Coal Measures is quarried for ordinary 
building purposes and bridge construction, and is used chiefly at Pittsburgh. It varies from a gray to a brown in 
color, is coarse in texture, shows signs of irregular stratification, and is unevenly bedded in thick courses ; it ranks 
among the best building stones in the western part of Pennsylvania. 

Near Wampum, Lawrence county, Homewood conglomerate of the Lower Productive Coal Measures is quarried 
for bridge construction on the Pittsburgh and Lake Erie railroad. It is gray in color, coarse in texture, massive, 
evenly bedded, and in thick courses. The Homewood sandstone, which is the upper stratum of the Conglomerate 
Measures, furnishes most of the building stone quarried in Lawrence county. It is usually a coarse-grained, white or 
grayish- Shite sandstone, but in some localities it is colored brownish-red by peroxide of iron. Other strata, especially 
the Conoquenessing sandstone, are quarried now and then to some extent in different localities. The quarries 
near Wampum are operated by stone-work contractors on different lines of railroad passing through the place. 

At Sharon, Mercer county, the Homewood sandstone of the Lower Productive Coal Measures is quarried for 
bridge construction and foundations; it is gray, massive, and unevenly bedded in layers not usually exceeding 
3 feet in thickness. Several members of the group near the lower limits of the Carboniferous rocks, known in the 
Second Geological Survey of Pennsylvania as the Conglomerate Measures, crop out in the vicinity of Sharon. Different 
strata of sandstone in this series, and the Chenango sandstone in the Lower Conglomerate, have been quarried 
for building stone in this locality, but none of superior quality has been produced. The stone from the quarries 
now operated is a hard, coarse-grained sandstone that is seldom dressed; it seems to be quite durable, however, 
and is perhaps the most economical material to be obtained in Sharon for cellar walls and foundations, and blocks 
as large as are ordinarily desired for bridge work can be obtained in some of the quarries. Since the Erie 
and Pittsburgh canal was abandoned its stone locks have furnished a large amount of cheap and usually quite 
good building stone to the section of country through which the canal passed, and particularly from Newcastle 
north. Some of the quarries from which stone for these locks was obtained have been worked but little since the 
building of the locks, though when the supply from these is exhausted some of the quarries will doubtless be worked 
again. Sandstone can be obtained almost everywhere in Mercer county, but it is not all good building stone; the 
localities that do furnish good building stone are but a few miles apart. About 40,000 cubic feet of stone have 
been quarried for the foundation of the new county infirmary at Mercer. The rock was obtained from quarries 
located within a radius of 4 miles surrounding the town. The Sharon conglomerate is quarried near Greenville and 
Chenango, in Mercer county, for flagging, and is used locally. It is gray, fine in texture, has signs of even and 
distinct stratification, and is evenly bedded in layers usually not exceeding 8 inches in thickness. This formation 
has bere a peculiar development; the stratum is about 12 feet in thickness, and not solid as usual, but in courses 
from i inch to 9 and sometimes 12 inches in thickness. The rock is a blue, fine-grained sandstone; in some places 
where it has been thoroughly drained, and the particles of iron have been thoroughly oxidized, it has a gray or 
buff color; it is an excellent paving material, and is shipped to various points in western Pennsylvania and eastern 
Ohio for paving sidewalks, and is used almost exclusively for this purpose in the town ot Greenville in the first- 
named state. Sometimes the heavier courses occur in the upper portion of the stratum; the iron in them has 
been peroxidized, and the stone is used to quite an extent for lintels and water-tables. The natural blocks are 
seldom rectangular, and there is considerable material broken off in shaping up the blocks. Most of this stone, 
however, finds a ready sale for building foundations, 

At Stoneboro’, Mercer county, the Homewood sandstone (top member of the Pottsville conglomerate) is 
quarried for foundation and bridge construction. It is gray and light brown in color, coarse in texture, massive, 
unevenly bedded in layers from 1 foot to 4 feet in thickness, and is used chiefly in the vicinity. The stratum of 
quarry rock is about 20 feet in thickness; it is very much fissured, and the natural blocks are variously shaped, 
though easily reduced to any required form. 

At Rockwood, near Oil City, Venango county, detached blocks of the Conoquenessing sandstone (the middle 
member of the Pottsville conglomerate) are quarried for bridge construction. The stone is gray, coarse in 
texture, massive, evenly bedded, and in thick layers where found in place. In Report 2*, Second Geological Survey 
of Pennsylvania, p. 57, Professor White describes a honey-comb rock found in Crawford county, and near Franklin, 
in Venango county, id thinks the blocks found in these different localities have come from the same bed, possibly 
the Conoquenessing sandstone. Some of the blocks at Rockwood show that the lower portion of re stratum 
from which they were detached has the same peculiar structure, and is probably the same bed. 

At Garland, Warren county, detached blocks of the Sharon conglomerate (bottom member of the Pottsville 
conglomerate) are quarried for bridge construction in the vicinity, and on the. Pennsylvania and Erie railroad. 
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The stone is gray, coarse in texture, massive, evenly bedded, and in thick courses where found in place. The 
principal quarries are located about 400 feet above the level of the Pennsylvania and Erie railroad. The stone is 
lowered from the quarry to the railroad on a small car running on an inclined track; two cars are used, connected 
by a cable passing arounda drum. The stratum from which the blocks are quarried, as detached, caps the hill 
about 100 feet above the level of the quarry. The blocks referred to vary in size from the smallest to blocks 
containing several thousand cubic yards. Most of the building stone that has been used in this part of western 
Pennsylvania was obtained from such blocks, and from long exposure the material from them is almost” 
universally very hard and difficult to dress; but since it can be obtained without stripping, it is cheaper on the 
whole than the softer material which might be obtained by stripping the stratum from which the blocks are 
detached. It is also less expensive, because, the blocks being already detached, a part of the usual work of 
quarrying is saved. It is difficult, however, to obtain a large amount of this kind of stone of uniform color; a 
more uniform stone can usually be obtained from the undisturbed stratum. This variegated coloring is due probably 
to the unequal effects of exposure on different portions of the surface blocks in the oxidizing of the iron in the 
composition of the stone, and to the unequal effects of exposure on other ingredients of the rock. 

Other localities worthy of special notice where building ‘stone has been obtained in this vicinity are near 
Sinnamahoning, in the southeastern part of Cameron county, and near Ridgway, in the western part of Elk county. — 
The amount of capital invested is small, considering the real extent of the business in this part of the state. 
Most of the stone quarried is taken out by builders and contractors, and is used chiefly for foundations and bridge . 
construction, the only considerations being cheapness and durability. Detached blocks are found almost everywhere 
in the ridge except in Erie county. As these detached blocks have been exposed to atmospheric action for ages it 
is seen at a glance whether the material is durable; and if it splits ‘well it is-quarried, and is used in localities to 
which it can be most conveniently transported. The sum paid for the privilege of quarrying is seldom more than 
10 cents per cubic yard for any amount. 

Near Meadville, Crawford county, the Sharon conglomerate is quarried for general building purposes and is 
used locally. It is a light gray, coarse sandstone, massive, evenly bedded, and in thick courses. The stratum is 
about 45 feet in thickness, though only from 20 to 30 feet of the upper portion is suitable for building stone; the 
lower portion is coarse, and sometimes a mere mass of quartz pebbles. The upper portion or quarry rock is quite 
uniform in texture; it is light gray in color, is easily broken into rectangular blocks by means of wedges; is soft 
when first quarried, easily dressed, and is quite strong and durable. The quarries are located in the summit of the 
hill, about a mile and a half northeast of Meadville, and the highway is down-grade all the way to the town. 
Quarries have been worked in other localities in the vicinity, producing an equally good building stone, but from 
none of these localities can the material be transported readily to Meadville. The Chenango sandstone, here a 
brownish-gray stone, containing numerous concretions of peroxide of iron, might be quarried to an unlimited extent 
near by. It has been quarried to some extent and used in some of the finest buildings in Meadville. 

QUARTZ PORPHYRY.—Mr. A. E. Lehman, Second Pennsylvania geological survey, sent a number of specimens 
of quartz porphyry from near Fairfield and Graefenburg, Adams county, and from Pine Grove and Laurel Forge, 
in Cumberland county. These rocks are identified by Dr. T. Sterry Hunt with the orthopelsite porphyries of the 
Huronian system of Canada; they underlie the Potsdam sandstone of the South mountains, and overlie the 
Philadelphia gneiss. They are of a purple color, usually indistinctly stratified, and regularly bedded in courses of 
varying thickness. Thestructure of the rock is a fine, compact matrix, with distinct crystals disseminated through 
it; it is well adapted to ornamental work, as it is rich in color, durable, and susceptible of a good polish, and in many 
places could be obtained in abundant quantities. It has not as yet been quarried for purposes of construction. 


SLATE. 


The slates of Pennsylvania are used for school slates, for roofing, for mantels, and for flagging, both in 
foreign countries and in the principal cities of the United States, especially from New York westward. The quarries 
of roofing slate at East Bangor, Pen Argyl, and near the Wind Gap in Kittanning mountain; at Chapman, in 
Northampton county, Slatington, Lehigh county; and in fact all the slate quarries in Northampton and Lehigh 
counties are located on strata of Hudson River age, overlying thin beds of Utica shale, which in turn rest on the 
Trenton, Chazy, and Calciferous limestones (the magnesian limestone of the great valley, Siluro-Cambrian). 

The Hudson River slate formation, 5,000 feet thick more or less, makes two-thirds of the floor of the great 
Lebanon, Cumberland, or Shenandoah valley, as it is variously called in the states through which it extends, the- 
valley being bounded on the north and west by the Blue mountain, and on the south and east by the South . 
mountain. The Hudson River slate formation occupies the valley from its middle line northward and westward 
to and up the slope of the North mountain, while the Trenton and magnesian limestones occupy the southern and 
eastern side of the valley to the foot of the South mountain. | 

The roofing-slate belt is a continuous strip of varying width extending through Lehigh and Northampton 
counties close to the foot of and parallel with the Blue mountain. It is not, howevey, of such a character at all 
points on the formation as to be suitable for roofing slate. The localities where the material is of such character as 
to be suitable for the purpose are carefully selected. In fact, the roofing-slate quality is characteristic only of 
certain beds or small groups of beds at various geographical horizons in the great Hudson River slate formation. 
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From Report DD D of the Second Geological Survey of Pennsylvania, which is soon to go to press, and the revise 
file of which was kindly loaned for use in this report by Professor J. P. Lesley, state geologist of Pennsylvania, we 
learn that the whole slate belt referred to as Hudson River slate is an irregular hill country, strongly contrasting 
with the magnesian limestone country, which borders on the south, both in the comparative number and ruggedness 
of its water-courses ; and that with the exception of Schoharie ridge, in Lehigh county, and perhaps Sandstone 
ridge, north of Hockendaugua, there are no well-defined ridges marking the outcrops of harder subdivisions of the 
great slate formation, so that it is difficult to separate the main belt into subordinate belts. The whole mass is one 
formation equivalent to the Hudson River slate of the New York Geological Survey, excepting that along the 
southern border Mr. Prime reports occasional traces of Utica black slate immediately overlying the Trenton 
limestone. The southern border of the slate district is everywhere a one-sided hill or steep descent toward the 
limestone lands. The whole formation is divisible into an upper and lower mass, the upper being more massively 
bedded, and therefore supporting more elevated country. Its uppermost beds constitute the southern slope of the 
Blue mountain, but the large and important roofing-slate quarries are all in the lower subdivision of the formation. 

It is further stated that these same slates extend along the north side of the valley, through Berks, Lebanon, 
Dauphin, Cumberland, and Franklin counties, into Maryland and Virginia. There are no slate quarries open west 
of the Schuylkill on this formation, but the same slate formation goes on across the state, and the cleavage shown 
by the outcrops has about the same appearance. 

Red slate outcrops through the western part of Berks county, and a careful examinat’9n may disclose that 
some of the outcrops will produce suitable roofing material. 

In New Jersey, at the Delaware Water Gap, a thickness of 3,000 feet is assigned to the whole mass. Mr. Prime’s 
measurements along the west bank of the river make it more than 5,000 feet. Mr. Chance’s independent measurement 
at the Water Gap places the roofing-slate quarries at 2,350 feet respectively beneath the Oneida conglomerate, and 
his estimate of the whole thickness of the Hudson River slate formation is about the same as Mr. Prime’s. In Berks 
and Lebanon counties the total thickness is stated at 6,000 feet. 

The following is an approximate estimate of the position of the quarries on the formation, beginning with the 
highest and going down: First, quarries at Pen Argyl; second, Hindbeck quarries; third, Slatedale; fourtr , 
Steinville; fifth, Slatington; sixth, Bangor. 

The “ribbons” in the slate, described by Professor H. D. Rogers, are very thin layers, from a few lines to an inch 
or two in thickness, traversing the rocks in bands parallel to each other and at various distances, not generally 
exceeding 2 feet. These ribbons indivate the direction of the dip of the strata, being seams of somewhat different 
composition from the rest of the mass. Between each two of the ribbons the layer of slate is homogeneous or of 
uniform texture and composition, but a difference in the quality of the slate on the two sides of one of these thin 
layers is quite common. When we examine a new surface of the slate, the usual and permanent color of which is 
dark bluish-gray, the hue of these ribbons is nearly black, but on exposure to the atmosphere they show, after some 
time, signs of spontaneous decomposition, and display a whitish efflorescence which indicates that this part of the 
slate contains sulphuret of iron. The ribbons are therefore carefully excluded from the slate when the latter 
undergoes the operations of cleavage and trimming in preparation for the market. In most of the slate quarries 
near Bangor, Northampton county, which is the northern end of the slate belt, the slate is tough and possessed of 
some flexibility, cleaving readily, the proportion of waste being comparatively small. Toward the southern end of 
the slate district of Lehigh and Northampton counties the texture and quality of the slates are slight'y different from 
those in Northampton county, and a greater proportion is manufactured into school slates, and some is also shipped 
for sidewalk paving. Most of the large qua:ries in this district are producing on an average twice the amount of 
slate produced two or three years back, with but one-third more force of men and machinery, showing that within 
‘certain limits a large force is more economical than a small one. This is true of the quarries at Pen Argyl, East 
Bangor, Slatington, and in fact of the whole district. J’rom 1876 to 1880, the foreign demand was so great that but 
little attention was paid to home trade, there being in fact scarcely any home trade. Slates were so low in price 
that foreign merchants could purchase here and ship to England cheaper than they could buy at home; at present 
the increase in price of slates created by the home demand has stopped shipments to foreign countries altogether. 

In Report D DD, Second Geological Survey of Pennsylvania, there is a chapter on the slate region of Northampton 
and Lehigh counties, covering all that part of the great Lebanon and Cumberland valley which lies between the 
Delaware and the Schuylkill rivers, and between the Blue or Kittatinny mountain on the north and the edge of 
the limestone on the south; and there are notes describing the individual quarries. We are indebted to this 
report for some of the measurements and descriptive matter in the following remarks concerning some of the quarries 
which were in operation during 1880. The details given will aid in obtaining definite ideas as to the quarries 
themselves and as to the structure of the slate. 

The Bangor Union Slate Company’s quarry is 250 by 130 feet deep at the deepest place, with from 10 to 20 feet 
of drift on the surface. The largest bed is 4 feet thick. The synclinal axis which shows in the Bangor quarry also 
shows in this one, but the plane of the axis dips slightly to the south instead of to the north as in the Bangor. The 
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quarry is worked by five cable derricks, which supply the material to twenty shanties, ?. ¢., the sheds in which 
the slate is cut into shape for roofing. The derricks are run by an engine which, working a line of shafts, connects 
with the cable derricks by conical friction-wheels. 

Bry & Short’s quarry, 300 yards east of the old Bangor quarry, is 200 by 150 by 60 feet, with a dip of 10 
feet north; the cleavage is 20° south, and the largest bed is 4 feet thick. The quarry is worked by cable derricks 
run by steam-power. The school slates are planed at the quarry. 

The Star quarry, 500 feet west of the east Bangor No. 2, is 200 by 200 by 50 feet, and the cleavage is 20° 
south ; it is worked by cable derricks run by steam, and there are also horse-power derricks, beside appliances for 
cutting roofing slate and circular saws for cutting school slates. The ribbons in this and the other quarries usually 
indicate the direction of the stratification, which in this slate district is usually not parallel with the cleavage, 
but crossing it at varying angles. Much of the material is quarried in such shape that it may be worked up for © 
ornamental purposes instead of being split into roofing slates. 

In the Bangor Slate Company’s quarry there is a synclinal axis passing through the center of it about 70 feet 
below the surface; the cleavage and the plane of the axis dip 5° to the north. There are 30 feet of drift on the 
top of the quarry. The largest bed is 9 feet 6 inches thick. The synclinal axis, being the same that shows in the 
Washington quarry and in the Bangor Union, pitches to the west. The hoisting is done by cable derricks run by 
steam, but horses and carts are also used. 

The north Bangor quarry No.1 is 200 by 200 by 40 feet at the deepest place. There are 20 feet of drift 
covering the slate, and 1 foot below the drift the material is of such quality that it serves for roofing slate. Cleavage, 
10° south and 30° east; dip, 45° south and 30° east. The two largest beds are 4 feet thick, and there is a bed 
measuring 10 feet along the cleavage. The series of beds extends all the way across the flooring of the quarry and 
all of them are under 4 feet each in thickness. 

The north Bangor quarry No. 2 is a few hundred feet north of No. 1, and is 150 by 100 by 40 feet deep. The 
dip is 35° south and 30° east; the cleavage is 15° south and 30° east. The beds that are exposed are mostly small, 
each under 4 feet in thickness.° 

Jackson quarry is 300 by 200 by 100 feet deep. It is worked by cable derricks run by double cylinder steam- 
engines. The slates come out in good-sized blocks, some of them 20 feet long. 

The Jory quarry is 400 by 200 by 80 feet deep. It is worked in the center of a synclinal axis; the dip of the 
rocks is slight in the center of the axis; the plane of the axis is vertical, while the cleavage is horizontal. This is 
the only quarry in which the cleavage can be seen at right angles or at any considerable angle to the plane of the 
axis. The beds worked are not large, but the cleavage makes such a slight angle with the bedding that large blocks 
can be taken out. 

The west Bangor quarry at Pen Argyl is 125 by 150 by 40 feet deep. The dimensions of the largest slab 
quarried were 13 feet long by 4 feet wide by 18 inches thick, but slabs 15 by 6 feet by 12 inches thick might be 
obtained. 

Stephen Jackson & Co.’s quarry is 400 by 200 by 80 feet deep; dip, 28° south; cleavage, horizontal; beds 
from 12 to 25 feet long along the cleavage. 

The Chapman quarry is 500 by 300 by 130 feet deep. Cable derricks run by steam are used in hoisting the slabs 
out of the quarry preparatory to working them into roofing slates. Splitters here make from two to six squares a 
day, averaging about four. The hoisting apparatus is very complete; a slab weighing 2 tons is hoisted 150 feet 
vertically and 300 feet horizontally in about two minutes. There is a factory here for making and planing slabs 
and other sawed material, the appliances consisting of diamond saws, planers, gig-saws, and smoothing table— 
the diamond saw, by reciprocating motion, cutting through slate at the rate of an inch in five minutes, making 
about 50 strokes a minute. The slates are all thinly-bedded, split well, and are tough. The blocks come out of the 
quarry in large, even pieces, some of them 20 feet long. The usual dimensions are 8 by 10 feet or less. 

Irederick Prime, jr., in Report D D, Second Geological Survey of Pennsylwania, says substantially of the slates 
toward the southern end of this slate quarry district, in Lehigh county, at Slatington, White Hall, Slatedale, 
Lynnport, and Steinville, that they are distinguished by bluish-gray or black color, cleave readily into thin slabs, and 
when the cleavage forms a high angle to the bedding and the slates are free from grit and are otherwise of good 
quality, they are quarried and are excellently adapted for roofing purposes, school slates, blackboards, and other 
articles of this nature. Owing to the property they possess of cleaving readily the slates are usually observed 
with the cleavage predominating to such an extent as to obscure and often to entirely conceal their stratification. 
As a rule their true bedding can only be observed by means of the wavy lines of a slightly different color from the 
body of the slates, which are constant and persistent in their passage through the cleavage, these lines indicating 
the stratification. The quarries of the Lehigh and Northampton district in Pennsylvania are distant about 100 
miles from the city of New York and 75 miles from Philadelphia. In 1875, according to Professor Silliman, but 
five quarries were worked in Lehigh county—the Washington, the Franklin, the Trout Brook, the Bangor, and 
the Douglas. 

The North Peach Bottom Slate Company’s quarry is in Whitehall township, on the Lehigh Valley railroad, 
east of Bethlehem. The largest slab which has been moved thus far was 42 by 10 feet by 20 inches thick, and 
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blocks 40 by 20 feet by 20 inches thick might be loosened. The custom is to reduce the blocks to such size that 
they may be conveniently hoisted out of the quarry. The form of the natural slabs here is rhomboidal. The slates 
come out remarkably even and straight; they are 16 feet long, a straight edge touching at nearly every point on 
a slab of the material. Transportation from the quarry is afforded by means of the Lehigh Valley railroad and 
Lehigh and Delaware canal. There is but one grade of material quarried, it being all similar in structure and 
texture. It is reported that roofing slates from this quarry exposed for thirty years are not yet discolored and 
need no repairs. The slate is sawed, planed, and rubbed by steam-power. The method of draining the quarry is 
by a siphon consisting of a pipe 14 inches in diameter and 450 feet long. Mr. John Crump, of the North Peach 
Bottom Slate Company, states that in his examination of the slates in Pennsylvania and Vermont, and those of 
Wales, in Great Britain, and of the Angiers district on the Loire, France, he found that the material from this 
quarry ranks very high in respect to size, thickness, and evenness of the slabs that may be quarried and the 
hardness, toughness, and uniformity of texture of the material, and for its freedom from ribbon or spots, stains, 
or quartz veins. The dip of the cleavage in this quarry is about 50° northeast to southwest. The main joints are 
about 50 feet apart, and about 35 feet below the surface soil sound slate commences half an inch thick, increasing 
in thickness of strata as it descends. At about 45 feet below the surface the beds are 6 inches thick; at 60 feet, 
12 inches thick, and at 80 feet, 20 inches thick. This is the greatest depth quarried thus far, and the proprietors 
believe that the beds will go on increasing in thickness at a like rate to a depth of 200 feet, at which depth they 
expect a deterioration. 

The color of the slate is blue-black. This slate has been much used by the United States government at 
Albany, New York; New York city; Topeka, Kansas; Austin, Texas, and Saint Louis, Missouri. The Patent 
Office building at Washington city has tiling on the top floor of the north side from the North Peach Bottom slate 
quarries. There are also Chapman slates in the flooring of this building. 

Henry & Co.’s quarry, near Slatington, produces material for roofing slate, which is at present transported 
on wagons 5 miles from the quarry to the railroad station on the Lehigh and Susquehanna railroad opposite 
Slatington. The largest slab that has been quarried was 10 by 4 feet by 6 inches. The form of natural slabs is 
irregular. The method of drainage is pumping by water- and steam-power; the hoisting is by steam, and the 
dressing by hand. 

Caskie & Emack’s quarry is located 14 miles northeast of Slatington. The form of the natural slab is 
rectangular; the dimensions of the largest slab quarried is 30 by 8 feet by 20 inches thick. The quarry is drained 
by means of a pump worked by steam-power; the hoisting is done by steam-power, and mantel stuff is worked by 
circular saws and iron planers run by steam. 

James Hess & Co.’s (Slatington) quarry produces material for roofing and other architectural purposes. The 
dimensions of the largest slab quarried here are 10 by 18 feet by 6 inches, but slabs 18 by 20 feet by 12 inches 
might be moved. The product is marketed throughout the United States. The hoisting and pumping are done 
by steam. This firm has a factory for manufacturing school slates, and one for manufacturing mantel stuff, 
blackboards, and tiling. 

The Penryn quarry, at Slatington, operated by W. H. Seibert, produces roofing slate, school slates, and the 
material for blackboards for public schools; also hearth-stones, mantel stuff, and register-stones. The peculiarity 
of some of the material of this quarry is that some of the beds are a shade or two darker and softer in texture 
than others, and are easily distinguished in the quarry. The dark stone or beds, when used for roofing, discolor 
when exposed, while beds of lighter shade, which are harder, when made into roofing slates hold their color, and 
are very durable. Frequently hard and soft beds lie side by side in the ledge. 

In the quarry of David Williams, at Slatington. the form of the natural slabs is irregular. The transportation 
from the quarry is by rail, ‘on the Lehigh Valley, the Berks and Lehigh, and the Lehigh and Schuylkill railroads. 
The power employed in draining, in hoisting, and dressing mantels and blackboards is steam; the drilling and 
dressing of roofing and school slates are done by hand. 

The Columbia Slate Company’s quarry is situated half a mile west of Slatington, on a branch of the Lehigh 
Valley railroad, from whence the slates are shipped to various states and some exported to foreign countries. 
The hoisting and draining are done by steam, the drilling and dressing by hand. 

At the Franklin quarry, half a mile west of Slatington, there are two different varieties of dark blue roofing 
slate, but no soft beds of school slates. The form of the natural slabs is rhomboidal. 

Griesimer & Brothers’ quarry produces roofing slate exclusively. The form of the natural slab is rectangular. 
The dimensions of the largest slab which has been quarried are 16 by 5 feet by 4 inches, but slabs 22 by 15 feet 
by 6 inches might be moved. The slate is transported on the Lehigh and Schuylkill railroad. 

Keever & Lutz’s quarry produces roofing slate, which is marketed in Berks and Lehigh counties, being 
transported by wagon and by railroad. The form of the natural slabs is irregular. Hoisting is done by steam, 
the drilling and dressing by hand. 

Lanrel Hill Slate Company’s quarry produces slate for roofing purposes. The form of the natural slab is 
irregular. Hoisting is done by steam, the drilling and dressing by hand. 

The Lock Slate Company’s quarry produces slate for roofing, school slates, tiles, platforms, and steps. The 
form of the natural slabs is irregular; slabs 27 by 8 feet by 5 feet thick might be moved. A branch of the Lehigh 
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Valley railroad is built to the quarry. Draining, hoisting, sawing, and planing are done by steam, the drilling and 
dressing by hand. The machinery consists chiefly of saw-beds, planes, and patent machines for dressing roofing 
and school slates. 

Joel Neff’s quarry, near Slatington, consists of three openings on the same ledge of slate. The material is 
quarried for roofing, and is marketed chiefly in the United States, though some is exported. The form of the 
natural slabs is irregular; size of the largest slab quarried, 500 cubic feet, but a slab of 600 cubic feet might be 
moved. The draining and hoisting are done by steam, the dressing partly by steam, and the drilling by hand. 

Krum & Moser’s quarry, formerly known as the Blue Mountain quarry, produces roofing slate exclusively, which 
is marketed in the middle, western, and northwestern states, and is transported by railroad and canal. The form of 
the natural slabs is rectangular, and the dimensions of the largest slab that has been quarried were 18 by 5 feet by 
18 inches. Hoisting and pumping are done by steam, the drilling and dressing by hand. 

The Industrial Slate Company’s quarry, west of Slatington, is operated for roofing slate exclusively. The form 
of natural slabs is rectangular, and the dimensions of the largest slab that has been quarried were 15 by 4 feet by 6 
inches. The draining and hoisting are done by horse-power, the drilling and dressing by hand. 

PrAcH BoTToM QUARRIES.—The ledge of slate in which the Peach Bottom quarries are situated furnishes the 
dark blue, indurated clay-slate almost devoid of calcareous material, as it is of Archean age, and therefore older 
than any of the calcareous rocks of Pennsylvania. The following is an analysis of Peach Bottom slates, specimen 
from J. Humpbrey & Co.’s quarry, half a mile east of Delta, York county, from Report COC, Peer Geological 
Survey of Pennsylvania: 
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The percentage of lime in its composition is small compared with that in many other slates, some of which are 
quite perceptibly calcareous. The nearest belt of calcareous rocks is the magnesian limestone of Lower Silurian 
age, to the northwestward. Serpentine rock lies on one side of this slate ridge, and asbestus on the other. The 
ledge at Peach Bottom is several hundred feet in width, varying somewhat in this respect, however, and extending 
along on the summit of the low ridge which extends in a northeasterly and southwesterly direction. The slate begins 
in the southwestern part of Lancaster county, Pennsylvania, crossing the Susquehanna river not far from Mason and 
Dixon’s line, passing through the southeastern part of York county, Pennsylvania, and extending into Harford 
county, Maryland. At the Susquehanna river, on the Lancaster County side, slate was once quarried. The ledge 
at this point is quite high and steep, but rapidly lowers in passing into York county. The bed of the Columbia 
and Port Deposit railtoad, which passes here, interferes with the disposition of waste. 

A few miles farther to the southwest, at Bangor and Delta, and just across the line in Maryland, what is known 
as the Peach Bottom slate is at present quarried. In quarrying slate for roofing there is always considerable 
waste on account of material unsuited to the purpose. The quarrymen select locations where there is likely 
to be the greatest proportion of workable material, of which they judge by the appearance of the slate which 
extends to the surface. The cleavage planes in most of the quarries are nearly vertical, and are parallel to the 
stratification; and in some of the quarries there is a set of joints cutting the cleavage planes at angles varying 
from about 45° to 60°. A noticeable circumstance is that the joints in these quarries are less numerous to the 
westward. In some of the quarries there is beautiful slate stock which cannot be readily split for roofing slate, 
but which answers well for other purposes. The following are a few of the buildings in which Peach Bottom slate 
has been used for roofing: The building of the Bureau of Engraving and Printing at Washington city; the court- 
house and post-office at Des Moines, Iowa; the Academy of Fine Arts in Philadelphia, and the Westinghouse 
Air-Brake Company’s building, Allegheny, Pennsylvania. This slate ranks high for strength and durability, 
is not subject to change in color upon exposure, and is tough and fine and smooth in texture. Old buildings in 
the neighborhood of the quarries have roofs of it which were put on seventy-five years ago, and show no perceptible 
vhange in color. It is practically free from sulphur, iron, and lime, the ingredients which when present cause fading 
and decomposition of roofing slate by exposure. The slates here are manufactured by breaking up the rock first 
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by blasting, then by different processes into pieces of suitable shape and size for splitting by hand, using for this 
purpose thin chisels of steel, after which they are dressed or cut into shape and size by a machine. The common 
sizes are 12, 14, 16, 18, 20, 22, and 24 inches in length, and four or five different breadths to each length ere made. 
The average thickness of slate here is about fifty-five pieces to the foot. The material is sold by the square 
superficial area of 100 feet, weighing about 625 pounds. Some architects in making out specifications call for 
thicker slates than those made for the trade. All the sizes made rank the same as to quality and manufacture. 
Vol. I, First Geological Survey of Pennsylvania, gives a short description of the quarries that were operated on the 
Peach Bottom slate beit about the year 1850; and also some statistics concerning the amount of material quarried 
and the value. It is stated that the prices of slate for the six years ending in 1853 ranged between $14 and $17 per 
ton—that is to say, from about $4 to $6 per square; that slates of the largest size, 24 by 14 inches, were $69 per 
thousand ; those 16 by 8 inches, $22 per thousand; and those 12 by 6 inches, $12 per thousand. 

The following description of the slate belt of Peach Bottom, by Professor Henry D. Rogers, is in the Report of 
the First Geological Survey of Pennsylvania for the year 1853: 

Slate belt of Peach Bottom.—The next subordinate belt which the section crosses is the slate range of Peach Bottom and Slate point. 
The rock here is a dark blue, indurated clay-slate, much of which has the structure of roofing slate, extensive quarries of which have 
long been successfully wrought at the Peach Bottom cliffs on the eastern side of the river, and also at numerous points west of the river, 
in York county, and in Maryland. The workable slate belt here is about half a mile wide. The slaty cleavage and the bedding appear 
throughout to be nearly coincident in their dip, which at the quarries is nearly perpendicular a little southward. The quality of the 
Peach Bottom slates is very good, and their exportation is slowly augmenting. The belt runs northeastward through the Slate hill from 
the river, a distance of about 2 miles, and southwestward through York county from Slate point, a distance of about 64 miles, to the state 
line. Slate quarries have been opened northeast of the river, along nearly the whole distance mentioned, but never extensively wrought, 
and in the same detached inanner through York county. At Slate hill on the river the slate is quarried in steps or benches, and not in one 
general breast, though the material is so uniformly pure as to admit of being nearly all wrought. On the east side of the river there 
are seven quarries near the shore, and four others of smaller size back on the hills, which are at the present time unwrought. On the 
York County side there is only one quarry at the river, but in the interior of the county there are seventeen more, embraced between a 
point 24 miles back and the end of the range 6 miles from the river. The workable slate appears not to extend in Lancaster county 
northeast of the limit given, but 1n the other direction there are indications that it is prolonged beyond the distance of the 6 miles named. 
One of the quarries on the river, Brown’s Lower quarry, yields slates which will bear strong stove heat without cracking, and the 
workmen use flags of it for frying their meat upon; so uniform is the composition of the material, and so diffused and regular the 
metamorphism, that the original planes of sedimentation or bedding are too indistinct at these river quarries to be discernible. The 
cleavage-planes, the only visible,ones, dip about 80° south to 30° east, and this condition prevails throughout. 


GENERAL CONSIDERATIONS.—In a treatise on slate and slate quarrying by D. C. Davies,.F. G. 8., London, 
. 1880, he assigns causes for the recent rapid increase in the slate trade in Great Britain. He states that the progress 
made by this trade during the last quarter of a century in that country has been very marked and rapid; and 
with the exception of slight checks given to it during the civil war in America, the war between Prussia and 
Denmark, and that between Germany and France, the progress has been continuous; that during the last ten years 
the price of slates has increased 30 per cent., and that the present state of the trade may be described as one of 
such great prosperity as to be limited only by the ability to supply the demand, the demand being far in excess of 
the supply. This increasing prosperity of the slate trade Mr. Davies ascribes to the rapid extension of railways 
over the country, which places slates within the reach of numbers of inland towns from which, excepting for 
special purposes, they were virtually excluded on account of the cost of carriage. The inland town of Shrewsbury 
was, until the extension of the railway system, a tile-roofed town, while Chester, to which access is had by water, 
has been for generations a slated town. In Shrewsbury and most of the other inland and formerly tile-roofed towns 
slates have superseded tiles. The fact that slate is so rapidly and steadily superseding other roofing materials 
is chiefly due to the increased facility for transportation afforded by the railways, and it is plain that the same 
causes influence the development of the slate industry in the United States. The railways not only afford ready 
means of transportation from the slate regions to inland cities which were before entirely excluded from the use of 
slate, but new business centers spring up along the lines of the railways and thus increase the demand for slates. 

There have been within the last ten years some singular conditions in the slate trade both in this country and 
in Great Britain. The demand increased so rapidly in the British islands during the past ten years that it was 
far in excess of the supply, while in the United States during that time the trade was in its infancy, increasing 
rapidly, however; but from 1876 to 1880, owing to business depression chiefly, to an almost entire cessation in 
building enterprise, and to the custom of using the cheapest materials, the demand was not equal to the production 
of the slate regions of the country, bringing down the prices of slates so low that they were shipped to Great 
Britain, even selling at a lower rate than the Welsh slates ; and considerable foreign trade sprung up in this way. 
However, as the prices of American slates in England could notrise any higher than the prices of the Welsh slates 
in that country without stopping the American trade altogether, exportation was unprofitable to the quarrymen. 
During 1880 the general resumption of business throughout this country created a sudden demand for Americar 
slates at home, the prices ran up to almost double the former rates, and the demand far exceeded the supply. 

The Welsh and the American slates are quarried from formations of the same age—that is, strata of Cambrian 
and Lower Silurian age. The quarries in Buckingham county, Virginia, and in the slate regions of Harford county, 
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Maryland, York county, Pennsylvania, Piscataquis county, Maine, Rutland county, Vermont, and Washington 
county, New York, are probably of Cambrian age, while the region of Lehigh and Northampton counties, in 
Pennsylvania, is of the Hudson River division of the Lower Silurian age. 

The Welsh slate regions at Festiniog, Portmadoc, Carnarvon, Penrhyn, and other places are from: Harlech, and 
Llanberris, and Trenbech beds of Cambrian age, and the Upper and Lower Llandeilo and the Wenlock pe. of, 
Lower Silurian age. A comparison of chemical analyses of the Welsh and American slates aids to determine their 
relative values as roofing materials. The fact that Welsh slates are shipped to the United States, and at times figure 
considerably in the American market, and that American slates are exported to Great Britain and Ireland, makes 
this question one of importance. The following are some analyses of Welsh slates given by Mr. Davies: 


ANALYSIS OF ORDINARY WELSH ROOFING SLATE (BLUE). 
[Given by Professor Hull. (a)] 
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ANALYSIS OF DARK BLUE SLATE FROM LLANGYNOG, NORTH WALES. 
[By Mr. D. H. Richards, analytical chemist, of Oswestry.] 
Analysis of slate dried at 100 C. : 
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ANALYSIS OF THE MATERIAL OF THE GREEN BANDS IN THE BLUISH-PURPLE SLATES OF LLANBERRIS. 


[Made at the Royal School of Mines for Mr. George Maw, F. G.S., of Broseley.] (b) 
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ANALYSIS OF THE PURPLE SLATES OF NANTLLE. 
[Given in Kirwan’s Mineralogy, Vol. I, p. 210.) 
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For analysis of Peach Bottom, Pennsylvania, slate, see page 110. 








a Building Stones of Great Britain and Foreign Countries. b Geological Magazine, 1868, p. 123. 
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MARYLAND. 


[Compiled mainly from notes of Messrs, Huntington, Monroe, and Singleton. ] 

About one-half the area of the state of Maryland is made up of rocks of the Cretaceous and the Tertiary ages, 
which in this state furnish no stones of importance for purposes of construction. A line drawn from near Elkton, 
in the northeast corner of the state, southwésterly through Baltimore to Washington, following nearly the course 
first of the Philadelphia, Wilmington, and Baltimore railroad and then of the Baltimore and Ohio railroad, 
would approximately separate the Cretaceous and the Tertiary areas from the Archean, adjoining them on the 
northwest. Passing westward from the line described, about the same order of succession of strata as that in 
Pennsylvania occurs, as follows: The Archean rocks, furnishing granites, gneisses, serpentines, and slate; next 
the narrow belt of the Triassic rocks, from which are obtained the Seneca red sandstone and the Potomac breccia 
marble; the Lower Silurian strata, in which are found the great Magnesian limestone and marbles; the Upper 
Silurian, Devonian, and in the mountain region near Cumberland, in the northwest corner of the state, the 
Carboniferous, none of which have as yet furnished much stone for building purposes. A thorough geological 
survey of this state has never been made. 

CRYSTALLINE SILICEOUS ROCKS. 

At Port Deposit, Cecil county, near the mouth of the Susquehanna river, a gray biotite gneiss is extensively 
quarried, and is used chiefly for heavy masonry, such as bridge construction, docks, harbor improvements, and 
general purposes of construction. It has been much used by the United States government in public works. 
Among the structures in which this stone has been used are the Susquehanna bridge at Havre de Grace; the Girard 
Avenue, Fairmount, South Street, and other bridges in Philadelphia, and the principal bridges in Baltimore; 
Haverford college, Maryland, Taylor college, Bryn Mawr, the depot building of the Philadelphia, Wilmington, and 
Baltimore railroad, and Saint Dominick’s church, in Washington city. There are several churches in Port Deposit 
built of stone from these quarries, which show that buildings constructed entirely of this material make a very 
pleasing appearance. The material is of a dark gray color, rather coarse in texture, and very distinctly laminated. 
The principal set of joints in these quarries has an inclination of about 60°; but a short distance farther up the 
Susquehanna river these joints become vertical, or nearly so. A notable circumstance connected with the quarries 
here is that the planes in which the mica is arranged are vertical. 

The gneiss which is exposed in the vicinity of Baltimore is the principal resource of that city for ordinary 
foundations and the rougher sort of stone-work; it is chiefly of gray color, occasionally greenish-gray. The strata 
are tilted at various angles and the jointing is irregular. Blocks of any size desired may be obtained. Among the 
buildings in the construction of which this material was used are the United States court-house and the jail in 
Baltimore; but that used in the United States court-house may perhaps properly be called a granite, as it is very 
indistinctly laminated. The quarry from which it was taken is at Granite post-office, in Baltimore county, and the 
material from the same quarry has been shipped to Cincinnati and to Chicago. Itis here gray in color, with a slight 
pinkish tint. 

Ata quarry of the same material half a mile from this point the whole mass has weathered, leaving immense 
bowlders, but in the immediate vicinity the general decay is less than is usual in this section; however, there is a 
noticeable decay along the natural joints, and in this respect itresembles more the gneisses which are quarried farther 
to the northward on this formation. On one side of the quarry at Granite post-office there is a large mass of mica 
schist, which differs considerably from the prevailing stone in the quarry. The material nearer to Baltimore is more 
decidedly gneissoid, and is used more largely in that city for the purposes before mentioned. This stone is what is 
usually known as the blue gneiss or mica schist of the Atlantic coast, and there are exposures of it at nearly every 
point along the line approximately parallel to the coast-line and at the junction of the Tertiary and the Archean rocks. 
It is the same that is used in Philadelphia, Baltimore, and Washington for the ruder purposes of construction, and 
varies in character trom the different kinds of gneiss toa mica schist. The most noted granite quarries in Maryland 
are located near Woodstock, Howard county; the quarries, however, being in Baltimore county. A gray 
biotite granite, sometimes having a pinkish tint, is here extensively quarried for general building purposes and 
for monumental work, and is shipped chiefly to Baltimore, Washington, and the west. Among the buildings in the 
construction of which it has been used are those of the Bureau of Engraving and Printing and the National Museum, 
Washington, District of Columbia; the soldiers’ monument, Winchester, Virginia, and the safe-deposit building 
in the office of the Baltimore and Ohio Railroad Company, Baltimore. This stone varies from an indistinctly- 
laminated to a massive rock, is a good, safe stone to work, and takes a good polish. The strata are tilted at various 
angles and the jointing is irregular. Blocks of any desired size may be obtained. In one of the quarries the 
material lies in the shape of bowlders—a condition which has been brought about by the weathering of the rock. 
As no glacial action has ever been brought to bear on the strata in this section of the country to remove the 
weathered portions, the rock is often found covered with a considerable depth of decomposed material. 

Near Ellicott City, on the east side of the Patapsco, a biotite gneiss is quarried for curbstones, steps, and for 
general building purposes, and is shipped to Baltimore and Washington. It was used to some extent in the cathedral 
in Baltimore. The quarries are in Baltimore county, but Ellicott City, the post-office of this region, is in Howard 
county. Some of the rock in this vicinity is porvhyritic and contains crystals of feldspar an inch and a balf or 
more in length, but they are irregularly distributed through the mass; yet there are places where blocks of some 
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size can be obtained in which the feldspar crystals are quite regular, in which cases the stone is of uniform and 
handsome appearance. Much of the rock from these quarries has been used in Baltimore and along tue Baltimore 
and Ohio railroad. For 15 miles west of Relay station, on this road, many of the houses are built of this stone; 
in all, there are about 100 buildings constructed of it, and Professor Huntington reports that he knows of no other 
place in the country where there are so many stone buildings in an area of the same size. Among the other places 
from which specimens of gneiss and granite have been obtained are the Relay House, the Winans estate at the 
mouth of Gwynn’s falls, Orange Grove station, and Ilchester, on the Baltimore and Ohio railroad. 

With regard to texture the material here varies very much, some of it being quite fine and some coarse. The 
general dip of the rock is north-northeast. 

At the mouth of Gwynn’s falls some of the rock is properly a granite, but passes into a gneiss on one hand 
and a binary micaceous granite on the other, presenting a width of 30 feet on the front. The general dip is about 
45° north-northwest. Professor P. H. Ubler regards all the granites of this region as inclosures—that is, entirely 
surrounded by rocks of a different character—and cites numerous examples to sustain his views; he does not find 
any intrusive rocks. The strike is north-northeast. 

A specimen of granite was forwarded from Montrose post-office, 3 miles east of Rockville, Montgomery county, 
by Professor Munroe, who reports that the mass of granite here has simply been exposed. It is comparatively 
easy of access, the location of the exposure being on the hillside, but there is considerable depth of stripping. 

Soap-stone exists here also, and was formerly quarried. It comes in direct contact with the granite. 

In the Archean rocks of Maryland is a variety of serpentines, some specimens of which in the census collection 
in the National Museum have been polished, and present the most brilliant green appearance. 

Near Dublin, Harford county, 32 miles northeast of Baltimore and 62 miles southwest of Philadelphia, a compact 
and massive green serpentine (sometimes called ‘‘ precious serpentine”) is obtained. This material is fine in texture. 
of great hardness and tenacity, of a beautiful green color, and is susceptible of a fine and brilliant polish. Itisa 
late discovery, and the quarries are not yet fully developed, but blocks that will dress to the size of 5 by 4 by 2 or 3 feet 
may now be obtained. The Green Serpentine Marble Company, of Harford county, Maryland, is making extensive 
preparations for quarrying this material, and Professor F. A. Genth, of the university of Pennsylvania, has published 
areport on the material. He reports that the supply of serpentine is practically inexhaustible, that it is situated in 
a most favorable position for quarrying on a large scale, and with an abundant supply of water-power to manufacture 
itinto marketable forms. Professor Genth’s description of the mineralogical character of this stone is as follows: 


It is a variety of massive serpentine, somewhat resembling williamsite, and shows sometimes a slightly slaty structure. It occurs 
in various shades of green, from a pale leek-green to a deep blackish green, and, from a small admixture of magnetic iron, more or less 
clonded; rarely with thin veins of dolomite passing through the mass. It is translucent to semi-transparent; it is exceedingly tough, 
and its hardness is considerably greater than that of marble, scratching the latter with great facility. The analysis of a deep green 
translucent variety gave the following results : 
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Hardness (or that of fluor-spar), 4.00; specific gravity, 2. 668. 

Its green color is due to the oxides of chromium, nickel, and iron present. 

In a polished condition it appears to me to be practically almost unalterable, as the polished surfaces do not admit of the absorption 
of atmospheric agencies which cause the decomposition. - 

Ihave above stated that a black, mottled serpentine underlies the green, forming a bed of about 800 feet in thickness. It is not 
sufficiently developed, but is very conspicuous alongside of Broad creek. It weathers more readily than the green, changing into a white 
rock spotted with black. The fresh rock, in thin plates, is of a very pale greenish-white color clouded with black. It is softer and less 
tenacious than the green. 

The analysis shows it to be a variety of serpentine, like the green, with an admixture of a larger percentage of magnetic iron. It 
contains: 
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Hardness, 4; specific gravity, 2.669. 
It is also susceptible of a good polish, and for some purposes may become a valuable ornamental stone. 
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About 6 miles north from Baltimore, and near the line of the Northern Central railway, is found a serpentine 
varying from a light to a dark green in color, but it has been but little quarried as yet. 

This rock is very well adapted to be used as ashlar in the walls of churches and other buildings. In a church 
in Baltimore a small portion of this stone has been used with the serpentine from Brinton’s quarry, Chester county, 
Pennsylvania, similar in appearance in every respect. The area of this rock exposed at this point is about 100 acres. 
Experience with this material goes to prove that it is durable and stands exposure well, but the surface rock shows 
considerable disintegration ; this, however, is not an argument against the durability of the stone in this region, 
where, as before stated, no glacial or other denuding influences have removed the product of decomposition. An 
area of serpentine near Deer Creek, Harford county, is represented by a specimen in the collection. 

Fifteen miles northwest of Baltimore, on the Liberty road, a steatite or soap-stone is quarried. It is used in 
lining furnaces and stoves, for registers, and the manufacture of sinks, ice-trays, etc. The color is a greenish-gray. 
It has defects, which are due to honey-combing occasioned by pyrite cavities. 

In the vicinity of Cockeysville and Texas, 16 miles north of Baltimore, on the Northern Central railroad, is a 
small isolated area of Lower Silurian limestone bounded by rocks of Archean age, and on this area are located 
well-known marble quarries. This stone was employed in“the construction of Christ church and in the columns 
and platforms of the city hall, Baltimore, Maryland; the Father Matthew centennial fountain, Fairmount park, 
Philadelphia; exterior walls of the Washington monument, and the columns and heavy platforms of the Capitol 
extension at Washington. Blocks 28 by 10 by 3 feet have been quarried, and blocks as large as can be transported 
by the usual means might be obtained. The stone lies chiefly in large rectangular and nearly horizontal masses. 
It is-usually of a coarsely crystalline texture and of a white or light color. The drilling and sawing are done by 
steam-power. It is worthy of note that almost all of the marbles of commerce so extensively quarried east of the 
Alleghanies are from strata of Lower Silurian age, the principal exception being the Snow Flake marble quarried in 
Archean strata at Tuckahoe, Westchester county, New York. 

At Hagerstown, Washington county, in the great Lower Silurian limestone valley, lying to the west of the South 
mountain, the limestone is quarried for local use. It is here a magnesian limestone, and specimens analyzed by Mr. 
Dewey at the National Museum contained alumina and graphite. It was employed in the construction of the 
Protestant Episcopal and Methodist Episcopal churches in Hagerstown. Professor Charles E. Munroe reports these 
quarries‘on a belt locally called Cedar stone, a few hundred feet in width, extending for a distance of several 
miles, and believed to be peculiar in the fact that the upper layers furnish the most durable stone. There are a 
number of other localities in the region surrounding Hagerstown and in the same geological horizon as are the 
Hagerstown quarries. Worthy of mention in this connection is a black limestone found in the Chesapeake and 
Ohio canal from 4 to 6 miles below Williamsport. 

Fogel’s quarry, at Four Locks post-office, on the same canal, was worked extensively for stone to be used in the 
construction of the locks. A variety of light-colored limestone, locally called ‘‘ Knuckle stone”, is found near 
Benevola post-office; and at the same place there is a quarry of white and variegated marble which was worked for 
40 years; it closed in 1858, owing to lack of good facilities for transporting the stone, the quarry being 15 miles 
from the nearest railroad. ; 

At Keedysville, on the Washington County railroad, a gray magnesian limestone containing black lines is 
quarried, and is used largely in Hagerstown for steps, underpinnings, and curbs; it resembles the white limestone of 
Carroll county in the fact that it works easily only in the plane of stratification. It contains a little iron and @ 
silicate. 

There are many localities in Maryland where ledges of building stones are but little developed, and from which 
specimens were collected for the Tenth Census. Among these may be mentioned a siliceous limestone, containing 
protoxide of iron and a little magnesia, from Liberty pike, Mount Pleasant district, in Frederick county. 

Getzendaner’s quarry, on the Hagerstown pike, near Frederick, furnishes the “‘ Potomac” or “ calico” marble, a 
calcareous breccia of Triassic age which was quarried at Point of Rocks to obtain the material of which the columns 
in the old hall of Representatives at the Capitol building, Washington, were constructed. Representative specimens 
furnished from the Getzendaner quarry show thestone to be here, as in the other points in Maryland and Pennsylvania 
where it is exposed, a breccia made up of fragments chiefly from the great magnesian limestone to the northwest; 
its chemical composition being almost the same as the latter. 

In a report of the geological survey of Maryland, made in 1833, by Ducatel and Alexander, it is stated that 
the Potomac breccia marble occurs along the Potomac river, commencing a short distance above the mouth of the 
Monocacy, reaching nearly to the Point of Rocks, and extending along the valley on the eastern side of the Catoctin 
mountain to within 2 miles (west) of Fredericktown, at which point it is contiguous to the red sandstone and the blue 
limestone; and that the formation reappears near Mechanicstown. 

Near New Windsor and Union Bridge, in Carroll county, and in the neighboring portions of Frederick county, is 
found a magnesian limestone which has apparently been subjected to considerable metamorphic action. The signs 
of stratification are often destroyed, and the color varies from a white with pinkish patches or bands to a pink. A 
chemical analysis discovers but little variation in the chemical composition of different specimens of this stone ; 
they usually contain much lime, sufficient magnesian carbonate to entitle them to the name “ magnesian limestone”, 
a little iron, sometimes in the form of a protoxide, and occasionally a silicate. 
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SANDSTONE. 


There are no large or important sandstone quarries at present operated in Maryland, though, at several localities 
in the state, sandstone of superior quality for purposes of construction exists in inexhaustible quantities. The most 
noted quarry of this material is the celebrated Seneca sandstone quarry on the Potomac at the mouth of Seneca 
creek, 20 miles above Washington city. This material belongs to the Triassic formation described in other portions 
of this report. The stone was extensively used in the construction of many large public buildings in Washington, © 
including the Smithsonian Institution; the Freedman’s Bank building, now the Department of Justice; the 
Fourteenth Street Lutheran Memorial church; the District jail; and a reference to the remarks on stone construction 
in the city of Washington will show the other purposes for which it has been used there. There are good facilities 
for transportation from this quarry to Washington and to all other points along the Chesapeake and Ohio canal. 

Specimens of quartzite of Archwan age were collected at Dickerson post-office, Montgomery county, on the 
Metropolitan branch of the Baltimore and Ohio railroad and the Chesapeake and Ohio canal. It has been used to 
some extent in the construction of aqueducts, bridges, and furnaces. The aqueduct of the Chesapeake and Ohio 
canal over the Monocacy river was built of this stone. “It is of rather coarse and uniform texture; and its use in the 
aqueduct shows that it is proof against the action of dampness and freezing, as that structure was built nearly | 
fifty years ago, and there are yet no visible signs of decay of the materia]. This stone would be suitable for curbs 
and paving blocks. 

At Cumberland, Alleghany county, white sandstone of Medina age is quarried for curbs, steps, and trimmings. 
It has been used also for bases and cemetery work, and was used in the trimmings of the Protestant Episcopal 
church and in the construction of the Methodist Episcopal church and the market-house in Cumberland. The 
material thus far obtained has been very large detached bowlders, found about 7 miles north of Cumberland. 
The ledge exposed in Wills mountain is about 500 feet in thickness, but this has not yet been quarried, as the 
material is more readily obtained from the detached rocks before mentioned. Through the narrow valley, about 
300 yards wide at the base of this mountain, two railroads run. The stone varies considerably as to its firmness, 
depending upon the depth in the bed; the upper partis so soft as sometimes to yield to the hand, but the lower part 
is quite strong and compact. 

Professor C. F, Chandler, in a report on the mineral resources of Cumberland, gives the following analysis : 
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Another exposure of the same stone is found east of Cumberland, on the Chesapeake and Ohio canal; and there is 
also a yellow sandstone of Oriskany age, which has been used to a limited extent for building purposes in Cumberland, 
especially in the construction of the Methodist Episcopal church. It is not quarried at present. The stone varies 
very much as to firmness; the stratum which is sufficiently firm for building purposes lies at a depth of about 30 feet 
and is about 18 inches in thickness. When apertures in which water can collect exist in this stone the frost 
soon disintegrates it, but if the surface is dressed it is quite durable, and buildings in Cumberland in which it 
has been used, some of them built 15 or 20 years ago, are now in a perfect state of preservation. The stone in this 
quarry has a dark yellow color. The strike of the strata in this vicinity is a little east of north, following about the 
course of the mountains. There is but little dip in the strata of either the Medina or the Oriskany sandstones so 
far as can be seen from the exposure. A dark red sandstone crops out at Frankville and continues to Oakland, 
in Garrett county. It has been quarried at intervals by the railroad company, for use chiefly in protecting-walls 
for embankments, and in these structures it seems firm and durable. Tyson gives this material as Potsdam 
sandstone. ; 

Professor Munroe reports that a white sandstone of excellent quality is quarried to a limited extent at 
Knowlesburg, and he traced it to the westward from this point as far as Newburg, in West Virginia. He also states 
that east of Tunnellton it begins to appear above the bituminous coal, which fact proves it to be of Carboniferous 
age. 

SLATE. 

The principal slate quarries in Maryland are in the Peach Bottom district, in Harford county, near the state 
line. The ridge upon which these quarries are situated extends into York county, Pennsylvania, and a number 
of the quarries are on the Pennsylvania side. The whole is described in the treatise on the building stones of 
Pennsylvania. The principal quarries both in Maryland and in Pennsylvania are all within a radius of a mile, 
and produce exactly similar material. For roofing purposes this slate is of a highly superior quality. 

On the Baltimore and Ohio railroad, at the village of Ijamsville, Frederick county, there is an exposure of 
roofing slate which was formerly quarried for this purpose, and several roofs in the vicinity were made during the 
eighteenth century, and are now in good condition, which speaks well for the quality of the material. These 


Slates are of a beautiful sky-blue color, and are reported not to fade. No roofing slate has been made here since 
1873. | 


DESCRIPTIONS OF QUARRIES AND QUARRY REGIONS. 179 


VIRGINIA. 


[Compiled mainly from notes of Messrs. Huntington and Munroe. ] 


In Virginia, as in Maryland, the surface rocks of quite a large area of that part of the state lying next the 
‘Chesapeake bay and the Atlantic ocean are of Tertiary age and furnish no good building stones. The coarse and 
durable gray sandstones formerly quarried by the United States government at Aquia creek for the construction 
of the White House, the old portion of the Capitol, and other public buildings in Washington that were built in 
the early part of the century, are probably of this age; though, as no complete geological survey of the state has 
ever been made, the stratigraphical relations of many of its rocks cannot be pronounced upon with certainty. The 
preliminary reports by Professor W. B. Rogers previous to 1838, and the work done in neighboring states where 
the conditions of the strata are to some extent analogous, have developed the same general facts concerning 
the geology of the state. The band of Archean rocks setting in to the westward of the Tertiary and running 
approximately parallel with the Appalachian mountains, furnishes granites, gneisses, and slates. The narrew 
Triassic belt resting upon the Archean rocks in places supplies the red or brown sandstone which is quarried 
extensively at Manassas, and the diabase or trap quarried near Catlett station, Fauquier county, and near Leesburg, 
Loudoun county. 

The Triassic sandstone extensively quarried for building purposes at Manassas bears a strong resemblance to 
the Seneea sandstone at the mouth of Seneca creek in Maryland, it being of the same horizon. The location of the 
Manassas quarry is near the top of a slight eminence. The strata here are nearly horizontal; there is, however, 
_ a slight dip to the south. Only the upper portion of the ledge to the depth of about 20 feet has as yet been quarried. 
The courses are of various thicknesses up to 6 feet, but the usual thickness is from 5 to 6 feet. Blocks 40 by 20 by 4 
feet in thickness have been loosened in the quarry, and a block containing 88 cubic feet was shipped. Between 
the courses a greenish shale occurs which has a smooth, soapy feel, and when exposed to the atmosphere turns 
red. The principal markets for this material thus far are Washington, Baltimore, Danville, Virginia, and 
Charleston, West Virginia. Among the buildings in the construction of which the stone has been used are the 
District jail, Washington, and the government buildings at Danville, Virginia, and at Charleston, West Virginia. 
In these structures it was used for trimmings. 

The quarries of diabase or trap before mentioned are located on dikes which cut the Triassic formation. 
That on which the Catlett Station quarry is located is apparently nearly parallel to Cedar Run creek ; so far it has 
been quarried only for paving blocks and for sewer construction in Washington. 

The quarry near Leesburg, Loudoun county, is scarcely developed. A fine dwelling was built of this material 
by C. R. Paxton, near Leesburg. As is usual with diabases, these stones are hard and difficult to work, but work 
safely and take a good polish. 

To the westward of the strata already described the surface rocks are chiefly Silurian, Devonian, and 
Carboniferous; none of them have as yet furnished much material for building purposes, although a proper 
exploration would doubtless discover important resources in them. On the Valley railroad, 2 miles northeast of 
Staunton, Augusta county, there is an argillaceous limestone of Lower Silurian age, locally called slate, which is 
quarried for slate stock by the Red Bud Slate Company. 

A limestone slightly magnesian in character and of Upper Silurian age is quarried chiefly for interior work, 
furniture, and other ornamental purposes, at Craigsville, Augusta county. 

Returning to the Archean rocks, it may be said that they have thus far been the most important resource 
for building stone in Virginia. The principal quarries thus far developed are located in Chesterfield and Henrico 
counties, in the immediate vicinity of Richmond. These quarries have all the advantages of good water 
transportation, as they are located on the James river, and the material may be shipped by schooner to all points 
on the Atlantic coast. The stone is a gray biotite granite having the same general characteristics as the gray 
granite so extensively quarried in the other Atlantic states farther north. The fol'owing are notes concerning 
some of the most important individual quarries of this region: 

The quarry of the Richmond Granite Company, on the Richmond and Alleghany railroad, near Richmond, 
Virginia, produces a massive gray granite used for general building purposes, paving stone, and monumental 
work, and is shipped more or less to all the states and cities south of New England and as far west as Nebraska. 
Much of the material is dressed at the quarry, polishing-works being located on the grounds; and at present there 
is more activity here than at any other quarry in Virginia. A very large quantity of stone has been taken from 
this quarry, which has been accessible for many years by canal. This, however, has been discontinued, and a railroad 
now runs to the quarry. Comparing this rock with that of other quarries in the vicinity of Richmond, it appears 
that the feldspar crystals are larger than those generally seen elsewhere, but they are often irregular in shape and 
have a brownish color, which shows very distinctly on the polished surfaces. Blocks of any size desired may be 
obtained. 

The Old Dominion granite quarry has furnished material for many important public buildings throughout 
the country, with principal markets in Richmond, Washington, Nortolk, Lynchburg, and Philadelphia. Among 
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the prominent structures in which this material has been used are the post-office buildings at Richmond, 
Philadelphia, and Harrisburg. This quarry is well located for working, as it lies along the Richmond and 
Danville railroad, and the stone is lifted from the quarry upon the cars ready for shipment. There are as to 
color two varieties of stone in this quarry; one, a light gray, penetrates the darker after the manner of veins, 
but there is scarcely any perceptible difference as to texture. There are some peculiarities in regard to the joints 
in this quarry, and along each joint below the general surface decay is a thin layer of calcite, the lime of which 
was probably derived from the plagioclase feldspar so abundant in this granite. The waste from the quarrying 
and cutting of this stone is disposed of by being crushed by a rock-breaker, which is elevated so that the crushed 
material falls into a car and is transported to various points along the road and used for ballast. Professor J. H. 
Huntington, who collected the data from this region, expresses a doubt as to whether this granite is of Archean 
age, and states that there is evidence that it is much younger than has been generally supposed, and that a study 
of the granite south of the Old Dominion quarry, along the border of the coal-fields, and at Fredericksburg, 
would probably furnish facts not heretofore known, and might determine the age of these rocks. 

At Manchester, in Chesterfield county, is located one of the oldest as well as one of the most important quarries 
in this section. The surface rock is decayed to a considerable depth, and in some instances bowlders are left in 
the general decay; but below the point where the general decay ceases the natural joints seem free from 
discoloration or change, and are nearly horizontal. 

In the Tuckahoe district, Henrico county, is a granite quarry recently opened, though in the same locality is 
situated one of the oldest quarries of this section, and from it the stone for the Washington monument at Richmond 
was obtained. The quarry, however, is not now operated. The resistance to decay in this rock is very notable, as 
there are some outcrops that are quite sound on the surface; the jointing is also peculiar, the principal joints 
conforming to the general slope of the hill on which the quarry is situated. Next to the river the rock is fine 
grained, but northwest of a quite well-defined line it becomes coarser. . 

In Amherst and Campbell counties, near Lynchburg, a bluish-gray biotite gneiss is quarried for general building 
purposes, and is used in Lynchburg, Danville, Richmond, Alleghany, and other cities of this region. It was used 
in the construction of the Female Orphan Asylum building at Lynchburg. This rock is quite similar to that found 
in many places along the Atlantic coast, and resembles very much the Potomac gneiss or mica schist in the vicinity 
of Washington. The quarries in Amherst county are on the left bank of the James river, opposite the city of 
Lynchburg. The strata are more or less bent and distorted, but in many places they are quite regular, and readily 
split into layers of from 3 to 6 inches in thickness. . 

The Fishing Creek quarry is about a mile and a quarter from the station of the Norfolk and Western railroad 
in Lynchburg. The strata are regular and dip 42° southeast. The material is remarkable in being quite free from 
iron, and in this respect differs from this stone elsewhere on the Atlantic coast. 

A gray, sometimes greenish-gray, biotite granite is quarried in the Namozine district, Dinwiddie county, for 
general building purposes, and is used chiefly in Petersburg and Norfolk. It was used in the construction of the 
post-office and custom-house at Petersburg. A notable feature of the granite in the vicinity of Petersburg is thatin 
many places it stands in bold ledges that have for ages defied the disintegrating agencies which have acted with 
such effect on nearly all the rocks in this latitude. Nowhere else south of the southern limit of the glacial action 
by which the decayed portions of surface rocks have been removed can granite be seen in such sharp, well-defined 
ledges as in the vicinity of Petersburg, and there are very few places in regions where the decayed rock has been 
removed by glacial action that ledges can be found which show on the surface so little sign of decay. The stone 
from this locality was used at fortress Monroe for the beds for gun carriages, and it is said that where concussion 
would fracture other stones, this remains intact. It was also used at the Ripraps,at the outlet of Chesapeake bay. 
The material is for the most part a solid mass, free from joints. 

Specimens of granite representing ledges but little or not at all quarried were collected from Verdon depot, 
Hanover county; and of mica-schist, considerably quarried for foundations and the ruder purposes, generally, in 
Washington, from near the Chain bridge in Fauquier county, a few miles above Georgetown, on the Potomac river. 


SLATE. 


In Buckingham, near New Canton and Ore Banks, Buckingham county, a very superior quality of roofing slate 
is extensively quarried and shipped to the principal cities of Virginia and to Washington, and is quite extensively 
used as a roofing material in the latter place. It is of a bluish-black color, and has the pearly luster peculiar to the 
best slates. The following description is by Professor J. L. Campbell: 


The fine roofing slates of Buckingham are worthy of special consideration, as well on account of the quality as for the quantity of the 
material there found. The belt of slate is on Hunt’s creek, a branch of Slate river. The quarries extend up this creek for several miles, 
with a trend practically parallel with Slate river, and at a distance of from 1 mile to 2 miles east of it. The slates are intersected by 
numerous veins of igneous quartz, not unlike, in general appearance, the gold-bearing veins; and also by occasional trap dikes, one of 
which crosses an old opening in the Nicholas quarry. ‘The heat from these igneous rocks has doubtless been a very potent agency in giving 
the slates that highly indurated, metamorphic condition that renders them so durable, while a uniform lateral pressure acting at right 
angles to their planes of stratification has given that peculiar structure which results in an easy and regular cleavage when fully quarried. 

Some of these quarries have been worked for more than half a century. The principal ones are all that need be named. What is 
known locally as “Perrow’s big quarry”, owned by Mr. J. M. Norvell and other persons at Bremo, is on Hunt’s creek, 1 mile east of Slate 
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river and 2 miles from the James. A vast quantity of slate has been taken from this quarry, but when we visited the place it was 
suspended on account of some conflict of claims. The Nicholas quarry, a little farther up the creek, is worked on a large scale, and 
stones shipped from Bremo by the Richmond and Alleghany railroad. Messrs. Edwards and Robertson’s quarry, in the same vicinity, is 
largely opened, very successfully operated, and its products shipped by the same route. The strata, or rather lamina, of slate in all 
these quarries are nearly vertical and have a very uniform strike north 25° east, which is about the average bearing of all the strata between 
Slate and Willis rivers. 

At present nearly all the slate from these quarries is split and shaped for roofing purposes, except where special orders are to be 
filled. Its strength, durability, and uniformity of texture have given it a national reputation. * * * 

The same belt of slate appears on the north side of the James, on the Cocke estate, a short distance above Bremo station, but has 
not been opened to a sufficient depth to test its quality at that point. 

Another belt of slate, apparently of the same geological associations and age as the one just described, lies near the southeast base 
of the Blue ridge, in both Amherst and Bedford counties, cut through by the James river 4 miles below Balcony falls. It is extensively 
exposed about 2 miles northeast of the river, where a Lynchburg company has opened a quarry that yields a slate of fine appearance 
and of finer grain than that of the Buckingham quarries. A small opening has also been made on the southwest side of the river, by the 
Alleghany Coal and Iron Company, sufficient to prove the existence of slate of good quality, and to indicate the presence also of a large 
quantity. I have subjected samples from this belt to crucial tests, which they bore remarkably well. 

There is a number of other points within reach of the railroad at which slate of promising appearance crops out on the surface, 
but the true character of the material can be determined only by actual openings to such depth as will reach beyond the limits of long- 
continued weathering. 


MARBLE AND LIMESTONE. 


Marble and limestone quarries have not thus far been much developed in Virginia, though there are several 
points where these materials have been quarried to a limited extent for loca] use. The most extensive and best 
known quarry of this class of rock in Virginia is at Craigsville, Augusta county, where what is known as “coral 
marble” is quarried, chiefly for interior work in buildings, and for furniture and ornamental purposes generally. 
It is shipped to New York, Baltimore, Boston, Cleveland, Chicago, Milwaukee, Cincinnati, Saint Louis, and other 
cities of the country. In texture it is fine, semi-crystalline, fossiliferous, and of a pinkish-gray color. There is 
quite an extensive area here of this material of uniform character. Specimens dressed at the National Museum 
show that it takes a good polish. Specimens of limestone, representing ledges which have thus far been but little 
quarried, were received from the following places in Virginia : ; 

A magnesian limestone from near the Natural bridge, Rockbridge county, locally called marble, but properly 
a magnesian limestone, sometimes containing a silicate; a magnesian limestone, locally called marble, from 
Timberville, Rockingham county, and a dolomite from the same locality; a dolomite, locally called marble, from 
Madison Run station, Orange county; a stalactite from Luray cave, Page county; and a marble from Greenwich, 
Rockbridge county. 

SOAP-STONE. 

Specimens of steatite or soap-stone were received from various points in the state, but this material has not 

thus far been used for purposes of construction. 


NORTH CAROLINA. 


The following statements and descriptions are made up from the schedule reports furnished by Professor W. 
©. Kerr and W. H. Kerr: » 

The same order of strata occurs in North Carolina, generally speaking, as in Virginia and the South Atlantic 
states. The Tertiary, Eocene, and other later formations occupy a belt next the sea-coast, and are not important 
sources of building material. A shell-limestone of Eocene age, used for underpinnings, fences, mill-rocks, and 
lime, is quarried near New Berne. It seems to be made up entirely of marine shells. This stone can be hewn into 
shape by axes, but does not stand exposure well. 

Material of the same nature is quarried at Rocky Point, Pender county, and has been used to some extent in 
the breakwater and other harbor improvements at Wilmington. It is transported by flatboats on the Northeast 
river, and to some extent by rail on the Northwestern railroad. This material is more compact than the New Berne 
shell-limestone; the rock lies beneath the surface at a depth varying from 1 foot to 6 feet, has a thickness varying 
from 1 foot to5 feet, and underlies an area of about 4 square miles. An area of about 100,000 square yards has been 
quarried over. The rock sometimes overlies a loose, partially-decomposed lime-rock of a foot or two in thickness, 
and sometimes a bed of marl 2 or 3 feet thick is superimposed. This marl carries from 85 to 90 per cent. of carbonate 
of lime, and is used as a fertilizer after passing through a pulverizer. Professor W. C. Kerr, state geologist, states 
that the material withstands considerable crushing weight, and is very serviceable in rough work. 


TRIASSIC ROCKS. 

A narrow belt of Triassic age extends through the center of the state, and furnishes fine, compact red 
sandstone of superior quality for building purposes. Professor Kerr, who has collected for the National Museum 
a representative set of building stones from this state, sent specimens from rocks of this age from the following 
places: Wadesboro’, Anson county; Sanford, Moore county; 35 miles east of Egypt, Chatham county; near Durham, 
Durham county. 


s 
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That quarried near Wadesboro’ is used for ordinary building purposes, sills, steps, grindstones, and whetstones. 
It is of fine, compact, uniform texture. The principal markets are Charlotte, Wilmington, and neighboring places. 
The color of this stone varies from a dark brown to a brick-red, and occasionally a buff. The Triassic sandstone 
quarried at Sanford is used chiefly in Raleigh, and may be seen in the Raleigh court-house. This stone lies in 
nearly horizontal strata, which are from 1 or 2 to 4 or 5 feet in thickness, with a depth beneath the surface varying 
from 1 foot to many feet. It is worked and can be quarried at small cost, stands exposure well, and is being quite 
extensively introduced as a building and trimming stone. It is soft when first quarried, itt in a week or two 
becomes quite hard and takes a fine dressing. 

The sandstone quarried near Egypt is used for building purposes, and is marketed chiefly in Raleigh. It is a 
durable, fine, brown sandstone, used to some extent for grindstones during the war, and is locally used as a general 
building material and in the construction of iron furnaces. The strata have a dip to the south of 12°, and strike 
east and west. The stone outcrops in the side of a considerable hill, and is worked with little difficulty. 

The Triassic sandstone quarried near Durham is chiefly of a pale gray color, though some of it is brown, and of 
fine to medium texture, occasionally coarse. Among the buildings in the construction of which it was used are 
the Raleigh Bank building and the dwelling of Mr. Speight. It has been used for 30 years or more in Raleigh and 
vicinity. It is comparatively easy to work, and is durable. 


ARCHAAN ROCKS. 


The Archean rocks, setting into the westward of this Triassic belt and occupying the whole of the middle and 
western parts of the state, form one of the most important sources of building stone in North Carolina. They 
furnish fine gray granite of superior quality at many points. These granites in many cases differ but little from 
those quarried in the New England states, but have not the advantage of being so near the sea-board as to be 
accessible by water transportation; they are usually massive, showing scarcely any signs of stratification, but gneiss. 
of good quality for building purposes is abundant. Specimens of granite were forwarded by Professor Kerr from - 
Charlotte and from Davidson College, Mecklenburg county; Lexington, Davidson county; from various points in 
Alamance county; Louisburg and Cedar Rock, Franklin county; Salisbury, Rowan county; Asheville, Buncombe 
county; Rockingham, Richmond county; Danbury, Stokes county; Mount Airy, Surry county ; Winston, I’orsyth 
county; Concord, Cabarrus county; Garibaldi and Gastonia, Gaston county; Tosneot, Edgecombe county ; 
Greensboro’, Guilford county; Mount Mourne and Mooresville, Iredell county; Oxford, Granville county; 
Warrenton, Warren county; Buckhorn Falls, Harnett county; Shelby, Cleaveland county; red granite from 
Cotentney creek, near the Weldon railroad, Wilson county; gneiss from near Greensboro’ and Jamestown, 
Guilford county; Henderson, Vance county; Shelby, Cleaveland county; near Louisburg, Franklin county; 
Henry’s station, McDowell county; Morganton, Burke county; Hickory, Caldwell county; Statesville and 
Mooresville, Iredell county; Northington’s ferry, Harnett county; and Raleigh, Wake county. 

The granites and gneisses at most of these localities have, so far, only been slightly used for local purposes. 
The following notes afford some information respecting their nature and availability for building purposes at some 
of the different localities: 

Ten miles northeast of Greensboro’, Guilford county, the gneiss shows no observable traces of iron or other 
material to produce disintegration, and the exposed surface is sound and durable. The blocks lying at the quarry 
seem nearly as fresh as when first quarried. This quarry was first opened some years before the late war, furnishing 
good rock for mill-dams in the neighborhood. Subsequently some stone was quarried for other purposes during 
the war and near its close, but no regular quarrying has been done there since. The material varies from medium 
fine to rather coarse in texture; it is gray, fairly uniform, works with comparative ease, and splits readily in 
rectangular blocks and in any desirable thickness. The surface exposure at the opening indicates the presence 
of an extensive supply of the material. The stratum in which this quarry occurs, or the line of its outcrop, was 
traced for some distance in a general northeast direction, and in it two or three thin exposures were found, 
indicating the probable presence of good material in considerable quantity. 

Ten miles west of Greensboro’ is found a gray, medium-fine to coarse gneiss, used to some extent for railroad 
work and for ordinary building purposes. The quarry is located about 3 miles north of Friendship, a small station 
on the line of the Northwestern North Carolina railroad, so that the facilities for transportation are fair. 

On the line of the North Carolina railroad, near Lexington, the granite has been quarried to some extent for 
railroad and local purposes; the material is fairly uniform and of medium-fine to coarse texture, and varies in 
color from gray to bluish-gray. The facilities for transportation at present are not good. ‘There are other granite 
ledges in this vicinity, however, which are more accessible, and the facilities for quarrying are favorable. 

At the shops of the North Carolina railroad, in Alamance county, granite is found which is above the average 
in quality both as to durability and the ease with which it can be worked. It is fine, even-grained, and light gray to. 
gray in color. Though no very considerable opening has been made, there are indications of the existence of a 
considerable quantity of this stone in the vicinity. The stone is much used by residents of the vicinity, and is 
highly esteemed. Specimens of it may be seen in monuments and bases at Graham, North Carolina, and elsewhere. 
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Two miles north of the North Carolina Railroad shops the granite underlies a considerable extent of ground, 
and crops out in such a way as to indicate accessibility and ease of working. The outcrops on the hillsides are 
very favorably located for quarrying, and present an exception to the general rule in this vicinity, as the strata 
are not tilted. An examination of the specimens sent from this place by Professor Kerr indicates that the granite 
beds in this region underlying considerable depth of earth promise to afford a material much better in working 
qualities, as well as more even in structure, than that commonly found on the surface or at outcropping points. 

At Louisburg, Franklin county, a medium-fine, uniform, gray granite is found. It was used in the construction 
of the jail at Louisburg. The rock comes to the surface in great masses, being bare for many rods and at several 
points in and near the town. 

Four miles south of Salisbury, Rowan county, is found a medium-fine, uniform, gray granite. The rock crops 
out in a huge ledge called Dunn’s mountain, in fact, it constitutes a range of high hills running northeast and 
southwest, and 300 or 400 feet above the surrounding country. On the summit of Dunn’s mountain the rock 
projects above the surface in huge bowlder-like masses from 15 to 20 feet high, some of them containing hundreds 
of tons. The process of quarrying is merely the splitting of these masses. Some of these blocks contain minute 
octohedral crystals of magnetite disseminated through the mass, which may be easily removed from a powdered 
specimen with a magnet. They do not affect the quality of a stone, and discolor it only for a short time on a 
dressed surface. 

Near Henderson, Vance county, a gray, rather fine grained gneiss of very uniform texture is quarried, chiefly 
for railroad construction ; it was employed in the construction of bridges over Haw and Deep rivers, the foundation 
of the post-office at Raleigh, and other structures. This material works well and easily, is comparatively hard, 
very durable, and is much used in the neighboring region. 

Seven miles below Asheville, Buncombe county, a granite of fine and uniform texture is quarried for local 
purposes; it is a light gray in color, is easily wrought, splits readily into any regular form and size, and stone- 
cutters prefer it to any other rock in the region. 

The gneiss near Jamestown, Guilford county, has been employed to some extent for railroad work and local 
purposes, and was used in the construction of bridge piers at Deep river, on the railroad. It is a fine, even-grained, 
gray gneissoid granite, and gives strong indications under the hammer of working unusually well. The nearest 
point on the railroad is 3 miles. 

At Mount Airy, Surry county, the granite forms a ridge; it appears either at the surface or a few feet below, 
and outcrops at short intervals within a radius of 24 miles of the place. One hill, within a mile of Mount Airy, 120 
feet high shows an exposure of about 40 acres of this rock extending from its base to the top. The granite shows 
no jointage structure, and the hill is to all appearances an unbroken mass. The granite splits readily, is quarried 
and dressed with great facility in blocks of enormous size, and is of a durable character. 

Four miles south of Winston, Forsyth county, the granite is a dark gray in color and splits readily into required 
shapes. The stone is quite uniform in texture and structure, though the amount of quartz contained varies 
somewhat in different parts of the quarry. This granite is durable and has been used for ordinary stone-work in 
the vicinity. It takes a fine polish and looks well when bush-hammered, but as yet there has been no demand for 
the material in fine construction. There is an inexhaustible supply, and blocks of any required size may be obtained. 

Nine miles south of Salisbury, Rowan county, thereis ahomogeneous, durable, feldspathic granite ofa pinkish color 
which is used for sills, steps, culverts, and like work. The ledge has an extensive surface exposure, and a jointage 
structure which aids materially in its working. The stone can be readily obtained in blocks of any required size. 

Ten miles south of Salisbury a very hard, dark, granitic rock has been quarried chiefly for the rougher purposes 
of construction, such as streets, curbs, and door and window sills. It contains quite a large percentage of quartz, 
is compact and durable and is susceptible of good polish, although not so well adapted to ornamental work as 
are other rocks in the vicinity. There is a cap-rock 4 feet in thickness, which has been chiefly used, as it is apparently 
unaffected by the weather. This ledge presents several acres of surface exposure. 

At Barringer’s mill, Rowan county, a very hard quartzose granite, locally called “ millstone grit”, is considerably 
used for millstones, and to some extent as a building material. It is found in large exposures 12 miles north of 
Concord and 11 miles south of Salisbury. This stone is quite homogeneous and uniform as the outcrop is traced 
north and south from the quarry, and the supply is inexhaustible. , 

A fine, uniform, gray granite is found 6 miles northeast of Concord, Cabarrus county. On the Mount Pleasant 
road, in this county, the stone has an exposure where it has been blasted out in grading. It has an outcrop in 
two directions, that crossing the road having a general] direction a little east of north, while the other has a general 
direction at right angles to this. The second outcrop can be traced for a quarter of a mile. This material, owing 
to its fine grain and compact structure, is susceptible of a good polish. It is of a light pink color and splits readily 
into regular shapes. 

A coarse-grained porphyritic granite is quarried 3 miles north of Garibaldi, Gaston county, chiefly for trimmings, 
curbs, bases, and monuments, but it has also been used n great quantity for bridges and other building purposes, 
There are two outcrops in bluffs 14 miles apart, both being very favorably located for quarrying. This is a good, 
durable granite, works easily, and is susceptible of a good polish. It can be obtained in blocks of any desired size. 


184 BUILDING STONES AND THE QUARRY INDUSTRY. 


At Gastonia, on the Dallas road, in Gaston county, a hard, fine-grained porphyritic granite is quarried to some 
extent for ordinary building purposes. The ledge forms a hill on the west side of Long creek, 15 miles from the 
crossing of the Dallas and Gastonia road. It is hard, compact, takes a fine polish, is a durable stone, well adapted 
to all ordinary building purposes, and was used in the construction of the court-house in Dallas. Its highly 
porphyritic structure renders it somewhat difficult to give it a fine dressing, but it splits readily into regular shapes. 
The supply is inexhaustible, readily accessible, and blocks of any required size may be obtained. 

One and a half miles northwest of Shelby, Cleaveland county, there is a fine hornblendic gneiss. It is a very 
handsome stone, splitting remarkably well in planes parallel to those of its lamimation. This rock seems to harden 
on exposure. The outcrops and surface exposure extend half a mile in length. There is quite a large quantity 
of stone accessible, but the exposure most favorable for quarrying is in a bluff some 80 feet in height. 

At the point where the Wilmington and Weldon railroad crosses Cotentney creek, in Wilson county, a red 
feldspathic granite, uniform in texture and structure, is found. It works easily, splitting readily, and takes a 
beautiful polish. This rock has not yet been quarried for general purposes, having only been used for the piers of 
bridges and other railroad structures. The rock is found outcropping on both sides of the creek, and is traced for 
a mile or more up stream. At George Barefoot’s mills it crops out in a ledge 40 feet above the bed of the creek. 

Two and a half miles north of Tosneot, on the Wilmington and Weldon railroad, in Edgecombe county, a dark 
gray, rather coarse porphyritic granite of excellent quality is quarried to a considerable extent for general building 
purposes. It is used chiefly by the Wilmington and Weldon railroad in the construction of bridges, culverts, ete., 
and there is a railroad into the quarry. ‘The stone is much used in Wilmington for street curbing and general 
building purposes. It splits readily, but is quite hard. The outcrop can be traced for a quarter of a mile, and the 
rock can be had in any quantity. There is a quarry of stone differing a little from this in texture at Rocky Mount, 
8 miles to the northwest of this point. 

Ten miles east of Greensboro’, on the line of the North Carolina railroad, in Guilford county, the granite is 
not now quarried except for occasional local purposes. The stone here is of rather variable quality, but good 
material was obtained for the large arched culvert over Rock creek, about a mile east of the quarry. The stone is of 
medium and coarse grain and of fair quality. The outcrop at various points in the neighborhood indicates that 
better openings than the one mentioned might be found near by, and that a well-developed quarry on this ledge 
would produce building stone of excellent quality as soon as the surface rock is removed. 

The red granite 2 miles southwest of Hillsboro’, Orange county, has as yet only been used by the North 
Carolina Railroad Company. It is a superior and beatttifal building stone, and takes a fine polish. 

The gneiss near Louisburg, Franklin county, is ot a pinkish-gray color, fine in texture, and works well; there 
is an extensive surface exposure of the rock. 

A compact, hard granite, coarse to medium in texture, is quarried locally for foundations at Cedar Rock, 9 
miles east of Louisburg. The stone is found in a surface exposure of several acres, and the supply is inexhaustible. 
The top bed of rock is ofa whitish color, while the bed immediately underlying it has a decided red tinge. The stone 
is very durable. 

A fine-grained hornblendic gneiss is found 1 mile east of Henry’s station, McDowell county. It has been used 
chiefly in railroad construction, and the quarry was quite extensively operated during the construction of the 
Western North Carolina railroad. The stone obtained from it is very compact and hard, and when polished 
presents a handsome appearance. 

The gneiss 24 miles west of Morganton, Burke county,is fine in texture and works readily, having quite a 
perfect cleavage in one direction. It outcrops in a bluff which gives a good quarry face. 

The granite on the Carolina Central railroad, 3 miles west of Rockingham, Richmond county, is coarse and 
porphyritic in texture, and has a peculiar olive color unlike any other stone in the state. The rock projects above 
the surface in bowlder-like masses from 10 to 15 feet high, and extends along the railroad for half a mile. Its 
principal use thus far has been in railroad construction. 

The gneiss 44 miles northwest of Hickory, on Catawba river, Caldwell county, is a handsome stone, but has as 
yet only been used for railroad work. Itis easily quarried, and the facilities for transportation are good. The stone 
is fine and compact in texture, and stands exposure well. It has an outcrop in a bluff on the bank of the river 
which gives a quarry face some 75 feet in height. 

A fine, compact, gray granite has been quarried for railroad bridges, and to a limited extent for other purposes 
of construction, 5 miles south of Statesville, at Poison Springs, a mile west of the Atlantic, Tennessee, and Ohio 
railroad, in Iredell county. It shows a good exposure and is Basil worked. The strata in the quarry have a dip 
of 20° f the northeast and a strike northwest and southeast. 

A mile southeast of Davidson College, in Mecklenburg county, a fine hornblendic granite of excellent quality 
for building purposes is found. There is but little stripping, and a large amount of good stone might be obtained 
near the surface. 

A beautiful white feldspathic granite has been quarried for local purposes 5 miles southeast of Davidson 
College and 4 miles east of the Atlantic, Tennessee, and Ohio railroad, in Mecklenburg county. It is of a uniform, 


DESCRIPTIONS OF QUARRIES AND QUARRY REGIONS. 185 


rather coarse texture, and carries a large percentage of biotite, which gives it a spotted appearance. This stone 
has an extensive surface exposure of about half an acre. Itis hard, but splits readily intoregwar shapes. Theledge 
has a dip to the northwest of 15°, and strikes northeast and southwest. 

The granite at Mount Mourne, Iredell county, is of a coarse porphyritic texture, stands exposure well, and is 
suited for ordinary building purposes. There is an extensive surface exposure of the rock, and it can be had 
in any quantity. Although the texture is coarse, the stone is compact and takes a good polish. 

A hard, dark-colored hornblendic granite of fine texture is quarried to a limited extent for building purposes, 
bridges, and culverts, 3 miles east of Mooresville, on the Atlantic, Tennessee, and Ohio railroad, in Iredell county. 
The rock carries some pyrite, but not enough to affect seriously its weathering qualities. The ledge has a strike 
north and south, which can be traced by a surface outcrop for three-quarters of a mile. 

Three-quarters of a mile from Mooresville, Iredell county, are two varieties of quartzose gneiss, which have a 
well-marked line of contact. They are like in structure and composition, but differ remarkably in color. These 
stones work well and are durable. The outcrop occurs in the side of a hill, and can be traced for a quarter of a 
nile. The materials would take a good polish, and from their texture, composition, and color it may be inferred 
that they would be invaluable for ornamental as well as for general purposes. The direction of the outcrop is 
northeast and southwest, and there is a dip of 10° to the northwest. 

At Warrenton, Warren county, a white porphyritic granite is much used for local building purposes, and was 
used in the construction of the jail. The stone stands exposure well; there is a large surface exposed, and the 
ledge is so situated that quarrying operations could be conducted with comparative ease. 

Nine miles southwest of Warrenton there is a ledge of very pretty fine-grained, rather dark gray granite. It 
has been used locally for monuments, steps, posts, and work of that class. It is used in the construction of the 
“ Annie Lee” monument. 

At Northington ferry, 16 miles from Lockville, Harnett county, there are outcrops of fine schistose and slightly 
caleareous gneiss in the bluff of the river. The material splits very readily along the plane of lamination, but 
with difficulty in other directions. 

A gray porphyritic granite has been quarried at Buckhorn falls, on the Cape Fear river, Harnett county, for 
the construction of canal locks and dams. There are good facilities for transportation by river and by railroad. 

At Raleigh. Wake county, a quarry has been opened in a bare surface exposure and driven to a depth of 40 
feet ; it has been operated mainly to furnish material for the penitentiary building, but the stone is also used for 
culverts, flagging, and works of that class in Raleigh. It is a gneiss of fine to medium texture. At another quarry 
in the vicinity a fine-grained gray gneiss has been quarried for general building purposes for the last 75 years. 
It was used in the construction of the capitol and to some extent in the penitentiary buildings at Raleigh. 

A short distance from the Carolina Central Railroad track, at Charlotte, Mecklenburg county, the leopardite 
porphyry is found—so called from the peculiar spotted appearance of the rock. It has been used locally for curbs, 
sills, steps, and other building purposes. There are few joints in the ledge, and blocks of any desired size may 
be obtained. The joints are so disposed as to give the natural blocks a rhomboidal shape. It takes a fine polish 
and is a beautiful ornamental stone, but difficult to work. 


MARBLE AND LIMESTONE. 


Professor Kerr forwarded specimens of marble and limestone, representing ledges of importance as sources 
of building material, from the following localities: 53 miles northeast of Murphy, Cherokee county; Valley Town, 
19 miles northeast of Murphy; 14 miles from Red Marble gap, Macon county; Warm Springs, Madison county ; 
and 10 miles north of Marion, McDowell county. 

These marbles and limestones are of Archean age, according to Professor Kerr, excepting the limestone at 
Warm Springs, which, he states, may be of later age. 

Near Murphy two very distinct marbles outcrop together, one white, fine, and changing to somewhat darker 
color on exposure, while the other is quite dark and somewhat striped. The white rock is somewhat cut up by 
jointage, while the other has a massive structure and can be readily sawed into blocks of any shape and size. 
The stone has been worked to some extent, but never sufficiently to procure a good quarry face. The dark marble 
is close, compact, has a metallic ring, and takes a beautiful polish. 

Nineteen miles northeast of Murphy there is a gray marble with white stripes, which is fine and compact in 
texture and polishes well. No quarrying has been done here, yet blocks of any size can be readily obtained. The 
strike of the strata is southwest and northeast, the dip 80° east. In the same vicinity a light gray marble of fine 
and compact texture, and susceptible of a fine polish, can be had in large quantity, having an extensive outcrop 
in two places; dip 80° east; strike, southwest and northeast. 

At still another place in this vicinity two marbles are found outcropping together, one of a smoky-white color, 
and the other of a dark or variegated color; both are classed high as ornamental stones, and are susceptible of a 
fine finish. 
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One and one-half miles below Red Marble gap there is a marble which has a very extensive outcrop. It occurs 
in the side of the mountain in ledges 150 feet or more in height. In color it is varied, being of a flesh-color, striped 
with blue, yellow, or both. It is close, fine, and compact in texture, takes a beautiful polish, and can be obtained 
in blocks of any size. A railroad in course of construction will pass by the base of this cliff, and there is excellent 
water-power three-quarters of a mile below for sawing. The outcrops of these marbles are on the west bank of the 
Nantehala river for a distance of 34 miles, and seem to overlie a coarse slate which dips 60° to the southeast. The 
direction of the strike of the strata is east by north. ' | 

Near Warm Springs, Madison county, the formation which Safford considers the Knox dolomite crosses the 
French Broad, rising in steep cliffs along the river on both sides to a height of 40 or 50 feet. It is limestone of a 
gray to light ash eolor, fine and uniform in texture. It has as yet been but little used, as the region is thinly settled, 
but it is a good material for ordinary building purposes. 

The dolomitic limestone 10 miles north of Marion, McDowell county, has not as yet been much used for 
purposes of construction, but is well adapted for general building purposes and for ornamental work. The surface 
rock is much cut by a jointage, but as the stone outcrops in the side of a hill it is easy to reach a depth which 
will avoid this difficulty. It varies in color from steel-gray to white. 


SOAP-STONE. 


Specimens of tale or soap-stone representing ledges of importance were forwarded by Professor Kerr from the 
following points: 7 miles northeast of Murphy, Cherokee county; 44 miles from Greensboro’, Guilford county ;. 
Nantehala river, Cherokee county; from near the North Carolina Railroad shops, Alamance county; and from 
Deep river, Moore county. 

It is all of Archean age, according to Professor Kerr. It has been used to a limited extent for chimneys, 
fire-places, hearths, lining for furnaces, and cemetery work. 

A pure tale is found on the Nantehala river 5 miles below the Red Marble gap, and again 6 miles east of 
Murphy, on the line of the Georgia and North Carolina railroad. At the last-named place the tale has an outcrop 
with white marble in a ledge of considerable extent. 

At another point on the Nantehala river, in Cherokee county, there is a very pure talc, translucent, in thin 
plates, and has been much used as a white-earth. Thousands of tons have been hauled to the railroad and shipped 
to New York, ground and bolted. It is equal to the finest French chalk. 

On the Deep river, in Moore county, the soap-stone is very fine grained pyrophillite. The layers are usually 
less than a foot in thickness; it has been chiefly ground and bolted and used as a white-earth ; much of it is also 
employed for lining furnaces and building hearths and furnaces. It is used locally and shipped to New York in 


large quantities. 
The method of transportation is by boat 15 miles to the Cape Fear and Yadkin Valley railroad. 


FLORIDA. 


EK. A. Smith, in the American Journal of Science, April, 1881, gives the following remarks concerning the 
geology of Florida: 

Almost the whole state of Florida, including the middle and western parts of the peninsula, has for its underlying formation the 
white or orbitoides limestone of Vicksburg (Upper Eocene) age. This is bordered on the east by a stratum of Miocene limestone, and the ' 
edge of the whole peninsula, together with the southern part, including the everglades, is of post-Pliocene or recent formation. The 
keys are of this recent age, and the coral limestones, which have been much used there, are composed of fragments of the same animals. 
as now live in the gulf. The Hawthorne stone is of Eocene age and contains bones, etc., that identify it. These Vicksburg limestones, 
more or less covered by beds of stratified pebbles, sand, clay, and marl, form the soil of the state. 

The orbitoides (Upper Eocene) limestone is not quarried to any considerable extent owing to the small demand for stone of any kind, 
but it is locally used for chimneys and house pillars in towns in every section of the state; in Gainesville and neighborhood it is much 
used. This limestone is often simply a mass of shells, and sometimes orbitoides mantelli is the almost exclusive constituent. The Saint 
Augustine coquina, or shell-limestone, is used to some extent for local building purposes in Florida. A specimen forwarded to the National 
Museum, by C. M. Terry, was taken from the basement of a house, and was probably quarried a century or more ago. Other specimens: 
recently taken from the quarry are in the collection, and by comparing the two it is seen that the coquina is a durable stone in the climate 
of Florida, though there is no doubt it would rapidly disintegrate in the more severe climate of the northern states. The quarries are 
not operated at present; they are located on Anastasia island, about 2 miles from Saint Augustine. The rock lies very near the surface 
none of the excavations are more than 6 or 8 feet deep. The stone can be cut with an ax, and is taken out in such shape and size as is. 
required for building. The old city of San Augustine was built wholly of this rock; the quarries were evidently opened more than 200 
years ago, as there are houses and broken sections of walls which are older than this. Fort Marion is built partly of coquina. This fort 
as it is at present dates from about the middle of the eighteenth century. There is a large number of houses in the city that were built 
one hundred years ago. 

On entering a house built of the coquina a sense of dampness and a cool, moist, atmosphere is experienced. The roek seems to. 
possess the capacity of receiving and holding the moisture of the atmosphere; for this reason, and because wood and bricks are cheaper, 
the coquina is not now extensively used for building stone. 

There is another material near Saint Augustine which is called the “shell” sandstone; it is formed on the beaches there by the 
grinding up of the shells by the sand, which is more or less like that found on all our beaches, except that where this material is formed 
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the shells are more abundant. It is a recent formation and is hardened by the lime in the sea-water, whichis doubtless derived from the. 
shells. These shells are almost entirely bivalve or lamellibranchs, and perhaps a few gasteropods. Mr. Rathburn of the Smithsonian 
Institution says that almost all of them are lamellibranchs. 

Another interesting example of this shell-limestone and the manner in which it is formed is given by Professor Hartt in a publication 
concerning a sandstone on the Brazilian coast, revised by Richard Rathburn, and published in the American Naturalist of June, 1879. It 
is shown that these reefs are composed of analogous material to the Florida coquina, though they contain more siliceous matter. The 
solidification is mostly confined to the zone which lies just above and below the level of low tide, and the solidified material rests upon 
an insecure foundation of loose material. The formation is accounted for in the following manner: The waters of the tropical seas are 
highly charged with calcium bicarbonates; as the tide rises this water is absorbed by the porous sand, and on the retreat of the tide the 
solution is concentrated by evaporation, aided by the intense heat of the sun, and the solution becomes saturated in the sand both above 
and below the level of low water. The consolidation is also aided by lime holding solutions which filter through these stones from the 
land. This hardening of the sandstone takes a long time, as is shown by the circumstance that these beaches which are in the process of 
formation or disintegration are not hardened. 

At Key West coral limestone is quarried, and numerous public and private buildings are erected of it. There are no quarries now 
worked although the entire island is composed of it, and in fact the whole of southern Florida is a coral reef. This stone has thus far only 
been of importance for local use. 

There are few stone quarries in the state of Florida. At Hawthorne Mr. C. A. Simmons has opened a quarry, 
the stone of which is said by the state chemist to consist almost entirely of silica, possibly containing 5 or 6 per cent. 
of lime, and of a quality for glass-making. It contains petrified bones, and the geological age of the formation is 
Upper Tertiary. The stone has been gotten out for chimneys, sugar furnaces, and millstones, and to a limited extent 
for building purposes, but has not been shipped, for lack of means of transportation, but chimneys in the neighborhood 
were built of it thirty years ago. The rock is very soft when first taken out of the earth, but hardens on exposure 
to the airand sun. The largest stone taken out was a cube with a 34-inch edge, but a cube two or three times that 
size might be taken. The supply of this material is reported as inexhaustible, and it is sold at the quarry for 28 cents 
per cubic foot. It can be cut with a hand-saw, and two men can cut out 1,500 bricks of a size 4 by 8 by 16 inches 
in a day, each piece being equal to eight ordinary bricks. A railroad will soon be built in the neighborhood. 


TENNESSEE. 
[Compiled mainly from notes of Messrs. Cotton and Gattinger.] 

The colored marbles of East Tennessee are widely known and quite extensively used in this country for 
ornamental purposes. There are several varieties of beautifully-variegated marbles here possessing superior 
qualities, the ease with which they are dressed giving them an advantage over the colored marbles found in the 
Lake Champlain region; though these harder marbles are better for tiling and for other uses where the material is 
subjected to abrasion. The East Tennessee marbles have been used for decorative work in some of the most 
important buildings in our own country, including the Capitol at Washington. 

The following is a list of some of the buildings in which the marble from the quarry of Mr, K. D. Dougherty, 
near Mooresburg, Hawkins county, may be seen: United States Capitol, United States Treasury, Washington, 
District of Columbia; state-house, Columbia, South Carolina; Ninth National bank, Park National bank, Seamen’s 
Savings bank, Cisco building, Grand Central hotel, New York city; residence of William G. Fargo, esq., 
Buffalo, New York; Lutheran church, southwest corner Broad and Arch streets, Second Presbyterian church, 
the marble residence of George W. Childs, esq., Schenck’s building, and Guy’s hotel, Philadelphia, Pennsylvania ; 
First National bank, Chicago, Illinois; residence of Mrs. E. W. Boyle, and that of Mr. John M. Mueller, Cincinnati, 
Ohio. This quarry is the oldest in Hast Tennessee, having been opened for the purpose of getting ornamentas 
stone for the Capitol building at Washington.. The stone has not been used for general construction on account of 
the high price which it commands for ornamental work, the price per cubic foot at the nearest railroad station being 
from $2 to $3. 

The marble from the quarry of the Knoxville Marble Company is used for both construction and ornamental 
purposes. This is the most extensive quarry in Tennessee, and the oldest one in the vicinity of Knoxville. It was 
opened by the United States government to get stone for the construction of the custom-house and post-office 
buildings at Knoxville, the stone for the outside of the superstructure being bush-hammered and the mantels and 
other ornamental pieces polished. The floor tiling is made of this stone and Maclure limestone. A considerable 
quantity of this marble was also used in the state capitol at Albany, New York. The quarry is located at the 
junction of the French Broad and Holston rivers, and the stone is carried by boat 4 miles to Knoxville. A bush- 
hammered surface of this marble has a nearly white color, which, on exposure, becomes still whiter. It is 
susceptible of being highly polished, and when so polished has a pink tinge and shows wavy, dark lines running 
through it. It is highly esteemed for mantels and table-tops, becausegit is not easily stained, and it is also quite 
largely used for cemetery work. Tombstones which have been exposed for thirty years do not show the slightest 
signs of disintegration or wear. The stone possesses sufficient strength for the heaviest structures. 

Messrs. Frierson and Morgan operate two quarries within 2 miles of Knoxville, one of them producing a white 
marble and the other a pink material known as Knoxville marble. Analyses made of the white marble show it to 
be an almost pure carbonate of lime. Marble from this quarry was used in the construction of the custom-house at 
Memphis, and the shaft of the Lee monument at New Orleans is made of it. The amount of this marble which 
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may here be quarried is practically inexhaustible. The pink-marble quarry shows about the same characteristics 
as the quarry of the Knoxville Marble Company. The former is located on the northwest side and the latter on the 
southeast side of what is known as the Knoxville Marble basin. The limestone crops out on the west side of the 
pink-marble quarry of Messrs. Frierson and Morgan. 

Near Chattanooga, Hamilton county, a bluish-black limestone of the Lower Silurian period is quarried for 
general building purposes, the stone being used chiefly in that city. The quarry is very favorably located for 
transportation, being on the bank of the river. The rock is broken up by joints, though blocks large enough for 
ordinary purposes of construction can be obtained. It dresses quite easily, making a cheap as well as durable 
building material. 

The Cincinnati limestone of the Lower Silurian period is quarried for foundations and underpinnings in the 
vicinity of Nashville; this material is not of very good quality, but it is the most accessible to the Nashville market, - 
and furnishes most of the stone for ordinary construction purposes in the city. The stratum of limestone quarried 
is only a few feet in thickness, and but a small portion of the stratum is available for building stone. At 
a quarry known as the Reservoir quarry, now operated by Messrs. Callahan and Welsh, is a layer about 20 feet 
below the surface and about 7 feet in thickness, which is considered the best of any found in the vicinity of 
Nashville, and is the stone most used for buildings in that city. Above this layer there are but from 2 to 5 feet 
in all of stone suitable for building. The waste material is used for macadamizing streets, and some of the 
limestone is suitable for burning. Most of the stone found in the vicinity of Nashville disintegrates rapidly when 
set on edge, and is therefore unfit for curbing; this rapid disintegration is also seen where the stone has been 
set on edge in buildings, but where it is laid on its natural bed it is quite durable; some stone suitable for curbing 
is, however, obtained from the quarry known as the College Hill and Vanderbilt. 


OHIO. 


[Compiled mainly from notes of Professor Orton. ] 
SANDSTONE. 


SuB-CARBONIFEROUS.—Those rocks of the sub-Carboniferous period, called the Waverly group in the Geological 
Survey of Ohio, are the most important as to production of building stone in the geological scale of the state. The 
following shows the arrangement of this formation, according to Professer Orton: 

1. Maxville limestone, in patches. 

2. Logan group. 

3. Cuyahoga shale. 

4, Berea shale. 

5. Berea grit. 

6. Bedford shale. . 

No. 1 occurs but seldom. No. 2 consists of fine-grained sandstones overlying and alternating with massive 
conglomerates in central and southern Ohio. Its thickness is about 100 feet. The Waverly conglomerate is a 
member of this group. No. 3, about 300 feet in thickness, is a blue argillaceous shale in many parts of Ohio, but 
in many places contains scattered courses of sandstone of great value. In southern Ohio these are concentrated. 
and become very valuable. No. 4 is from 10 to 30 feet in thickness and is the equivalent of the Waverly block 
shale of southern Ohio. No.5 is the Berea grit, the great quarry rock of northern Ohio. It is from 10 to 75 feet in 
thickness and extends in a belt from Williamsfield, in the southeastern corner of Ashtabula county, westward into 
Erie county, and thence nearly directly southward in Adams county to the Ohio river. This stratum of sandstone, 
where it has its best development, consists of heavy sheets with often a course at the top of thin broken layers 
called shell-rock. However, in many localities these thin layers are unbroken, even, and compact, and are quarried 
extensively for sidewalk paving. No.6 is from 10 to 100 feet in thickness, and furnishes no building stone except 
in Cuyahoga county. 

The line of outcrop of the Berea grit across the state from north to south is very near the dividing line between 
the formations of the Carboniferous age on the east, where the building stone is almost exclusively sandstone, and 
the formations of Devonian and Silurian ages on the west, where it is almost exclusively limestone. 

The Waverly group, with its well-marked alternations of shales and sandstones, enters the state from 
Pennsylvania in its northeastern corner. The northern line of outcrop of the Berea grit in Ashtabula and 
Trumbull counties is for the most part deeply drift-covered, and in places it has been cut out by valleys of erosion. 
From Parkman, in the southeast corner of Geauga county, it can be traced in an almost continuous line of outcrop 
around to the Ohio river. In Parkman township, as far as exposed, it lies in thin, ripple-marked sheets. 

In Mesopotamia, Trumbull county, a quarry of some importance is worked by the Mesopotamia Freestone 
Company, one mile west of the towncenter. The stone is used for buildings, flagging, bridges, etc., in the immediate 
neighborhood, and is of excellent quality. The nearest railroad station is 7 miles away. This company has just 
taken the contract to furnish the trimmings for the blocks now building at Burton, Geauga county. From 
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this quarry the Berea grit passes northward, and its outcrop may be traced along the line between Geauga and 
Ashtabula counties to the southeast corner of Lake county, where it turns to the southwest and follows along the 
line between Lake and Geauga counties into Cuyahoga county. 

The Berea grit is quarried at Windsor, in the southeast corner of Ashtabula county. This quarry marks the 
most northeasterly locality where the Berea grit has any special economic value as a building stone; though even 
here the stone is much inferior to that to be obtained over quite an extent of country from Berea, Cuyahoga county, 
westward to Berlin Heights, Erie county. The pyrites and protoxide of iron contained in the stone at Windsor 
produce bad discoloration on exposure to the weather. As a source of material for heavy masonry this locality 
is invaluable, as Ashtabula county has no other stone well adapted for this purpose, and the Windsor quarry has 
furnished a large amount of stone for heavy bridge construction on the railroads and highways in this county. The 
quarry is located about 6 miles from the nearest station, and has the same disadvantage as the Mesopotamia 
quarry for shipping stone. 

The most important quarry operations in these counties are carried on in Howland township, 3 miles northeast 
of Warren, Trumbull county. This stone had been known for many years, and was worked in a small way before 
the present company began operations. The stone is adapted to the special use of flagging on account of the 
extreme regularity of its beds, its composition, its strength, and its durability. In evenness of bedding it is 
remarkable among the quarries of the county. Blocks 10 feet square and 14 inches thick are extracted, which a 
straight-edge laid upon the surface would touch at every point. Slabs but 1 inch or 2 inches in thickness have 
such strength that they go without question into general use. Their fine-grained composition causes them to wear 
in a uniform manner, and they always give a good foothold. The only defect in the quarry is that the north and 
south joints do not run evenly; but, as these joints are so far distant from one another as to preclude the 
possibility of transportation of the included masses, this defect is of but little moment. In one case a single 
strip 150 feet long, 5 feet wide, and 3 inches thick was raised in the quarry. The layers, although so very closely 
packed together, are perfectly distinct, adhering to each other scarcely more than sawed planks in a pile. 

All the townships in this neighborhood avail themselves of this extraordinary supply of flagging, and the 
town of Warren is said to be the best paved town in the state; Mahoning avenue may be mentioned as exhibiting 
on its western side some of the finest flagging that has ever been laid. It has been sent to distant cities in northern 
Ohio, western New York, and western Pennsylvania, and examples of it may be seen in Pittsburgh, Mansfield, 
Hornellsville, Akron, etc. It has been used for general building purposes to a limited extent. 

The quarries are drained by ditches with a constant good fall. In the flagging deposit proper there are found 
from four to seven courses, varying from 1 inch to 6 inches in thickness, the 6-inch course being the best and highest 
priced. The same general character of the stone holds in the adjacent territory, but is subject to some variation 
of quality. Itis of a light gray color, and is the geological equivalent of the stone which is extracted from the 
Portsmouth and Buena Vista quarries at the southern extremity of the formation on the Ohio river. ‘ 

The Cuyahoga shales, in which the Austin flag-stones are found, occupy the highest position in the Waverly 
group in this county, and in the southwestern corner of the county the conglomerate of the Carboniferous 
formation makes its appearance in a ledge called the Braceville ridge, which rises to 100 feet above the flat 
surrounding country, and occupies a part of the four townships of Warren, Newton, Braceville, and Lordstown. 
It is almost entirely destitute of soil, and its prominent points are conspicuously grooved and striated by glaciers. 
This rock has been the dependence of several generations for building stone in the surrounding region, but no large 
quantity has ever been extracted at any one time. | 

Over a surrounding area of 75 square miles whatever stone is used for foundations, well stones, and bridge 
stones is mainly taken from this ridge. The quarry operations are mainly carried on in the way of “‘ gouging ”— 
that is, in extracting the stone wherever it can be obtained to the best advantage without reference to future quarry 
operations. Although no quarries are systematically worked, several are in readiness for operation at any time; 
and it is safe to say that, in the aggregate, $1,000 worth of stone per year is extracted. The material is a strong and 
enduring sandstone, containing but few pebbles, and is of especial value since the flat country for many miles. 
around is destitute of stone. 

The Berea grit is quarried extensively at- Newburgh and at Euclid, in Cuyahoga county. A quarry has been 
recently opened on the east side of the Cuyahoga river, near Independence, and the stone has also been quarried at 
East Cleveland. The smaller quarries have not been considered in the tables. 

As a flagging material this stone is considered by many to have no equal in northern Ohio. It is now used 
almost exclusively for paving the sidewalks of Cleveland and in many other northern cities, especially in the 
state of Michigan. It is a fine-grained, compact sandstone of a very beautiful blue-gray color when first 
quarried, a circumstance which caused it to be extensively used for the trimmings of buildings, although its 
exposure to the weather has frequently modified its appearance. It is not considered safe to use this material 
for building purposes except for foundations and bridges, as it frequently contains iron sulphide, the oxidation of 
which produces stains; and when it has not this defect the color due to weathering is not so uniform when the face 
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of the rock is exposed in a wall as when the bed is exposed in a pavement. <A greater amount of the sulphide of 
iron is contained in the stone at Newburgh than in that at Euclid; and it must be added that examples can be 
cited where the Euclid stone has presented an unmodified appearance after years of exposure in buildings. 

The whole stratum of the rock at Euclid is about 20 feet in thickness, and the different sheets are from 2 to 
4 feet thick. As a rule the stone is sawed into slabs. 

The outcrop of the Berea grit comes from the northeast, and enters the county in Mayfield township. It has 
no special economic value in the northeastern part of the county, but near Chagrin Falls, in the southeastern part, 
it lies in thin sheets, and is quarried to some extent for flagging purposes. At Bedford it will not compare favorably 
with the stone from some of the other localities for purposes of building; but it is especially valuable for 
manufacturing into grindstones, which command a high price in market. That variety of stone which is applicable 
for grinding springs is especially in demand. The material is a rather coarse grained and homogeneous sandstone, 
filled with little brown spots of iron oxide. In some portions of the stratum lenticular nodules of this oxide 
occur from one inch to several inches in diameter, and render these portions worthless; but as they occur only at 
certain horizons they are easily separated from the better material. 

At Independence a stone possessing more of the characteristics of the Amherst stone is quarried, especially 
applicable for the manufacture of grindstones, although it is used to a considerable extent as a building stone. The 
material has been used in the city hall and in some other buildings at Cleveland. These quarries are located in a 
bluff, the outcrop of stone being about 4 miles long and 1 mile wide, and usually covered by a drift deposit from 1 
foot to 5 feet in depth, although in some localities the rock is quite bare. 

The Berea grit is at this place only from 30 to 40 feet in thickness, and only the top 10 feet have been extensively 
quarzied, as immediately below this there lies a stratum of worthless rock from 3 to 12 feet in thickness. Below 
this, good material for grindstones and building stones is obtained. This has been little quarried on account of the 
cost of drainage and that of removing the worthless rock referred to. Only large grindstones, which are best 
adapted for dry grinding, are manufactured from this material, and it is said that the stones do not glaze when 
used for this purpose. 

The statistics in the tables scarcely give a correct idea of the magnitude of the industry at Independence, as 
the rock has been quarried in many localities in this bluff besides those now operated. 

At East Cleveland the Berea grit becomes 60 feet in thickness; and although it does not possess all the 
desirable qualities of the Amherst and Independence stones, the Cleveland architects prefer it for foundations on 
accountof its superior strength andits accessibility. It has not been used for any important superstructures in the 
city, the more excellent stone, before mentioned, being so readily supplied to this point. 

The Brooklyn quarries, which are situated just to the south of Cleveland, produce a material which is of about 
the same quality as that found in the Kast Cleveland quarries, but the rock is more broken, and is used mostly for 
foundations and underpinnings. Its broken character allows it to be easily quarried, but large blocks are not so 
readily obtained. 

The largest sandstone quarry in the county is situated in Berea, where an immense amount of material has 
been extracted for building purposes and for small grindstones. Nearly 40 acres of the Berea grit have here 
been quarried out to an average depth of about 40 feet. The stratum is from 65 to 75 feet in thickness, and has 
been quarried to the bottom in but few places. The individual sheets are from 2 inches to 10 feet in thickness, and 
usually are very even in their bedding. The rock all lies below drainage level and seems to have been but little, if 
at all, disturbed since its deposition. Joints very seldomoccur. The stone is usually soft in the quarry and is very 
easily channeled. It is of a blue-gray color and a little darker as a rule than the Amherst *‘ blue-stone”. A larger 
portion of the formation here is of the so-called ‘‘ split-rock” character than at any other locality where it has as 
yet been quarried, and this characteristic is also more perfectly developed here than anywhere else. 

The material is not so applicable for the manufacture of large grindstones as is that obtained in Lorain county, 
or at Bedford and Independence in this county. Small grindstones can, however, be manufactured more cheaply 
at Berea, because the rock can be split into thin slabs of any desired thickness with little or no waste. The 
manufacture of whetstones is also quite extensive. 

These quarries produce building stones of an excellent quality, although great care must be taken in the 
selection of the material, as some of it contains sulphide of ironin such amount as shortly to disfigure the surfaces, 
even discoloring a portion of the wall below it. The material is, however, carefully graded in such a manner as to 
distinguish the good from the bad stone. For bridge-building purposes the Berea stone is considered the best of the 
sandstones of northern Ohio, since it possesses greater strength. Tests made by J.B. and W. W. Cornell indicated 
that a 14-inch cube would withstand a pressure of 15,400 pounds. The Berea stone has been extensively used 
throughout the whole country, and may be seen in the following: The Merchants’ Bank of Canada building, 
Young Men’s Christian Association buildings, and Montreal Télegraph buildings, Montreal, Canada; post-office 
building, Bank of Montreal building, and the Garland & Mutchinson building, Ottawa, Canada; post-office building, 
London, Canada; post-office building and Bank of Toronto building, Toronto, Canada; court-house building, 
Hamilton, Canada; Senator Fessenden’s monument; Methodist Episcopal church, Brookline, Massachusetts; New 
York Clipper buildings, block corner Cliff and Fulton streets, a figure of Christ 10 feet high, and Church of the 
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Transfiguration, New York city; Berea hall, Brooklyn, New York; court-house, Camden, New Jersey; Normal 
school, Saint Agatha’s church, and Saint Luke’s Episcopal church, Philadelphia, Pennsylvania; United States 
custom-house and: post-office, Dover, Delaware; Young Men’s Christian Association buildings, Normal School 
buildings, and Traders National bank, Baltimore, Maryland; Baltimore and Potomac Railroad depot, National 
Republican newspaper building, British minister’s residence, and Lewis Johnson & Co.’s Bank building, Washington 
city; court-house, Napoleon, Ohio; court-house, Marysville, Ohio; Exchange building, Bronson’s block, and Madison 
hotel, Toledo, Ohio; court-house, Sidney, Ohio; Beckman’s building, Cleveland, Ohio; court-house, Winchester, 
Indiana; court-house, Crawfordsville, Indiana; Masonic temple, Indianapolis, Indiana; court-house, Wabash, 
Indiana; court-house, Noblesville, Indiana; the Ogden block, Dickey block, and McCormick block, Chicago, Llinois; 
United States custom-house and post-office, Port Huron, Michigan; court-house, Menomonee, Wisconsin; asylum 
for the insane, Oshkosh, Wisconsin; Cleveland viaduct, representing bridges. 

Three miles west of Berea a large quarry is worked, and in theimmediate neighborhood three other quarries are 
situated, which have not been tabulated here because they produce but very little building stone, and the material 
is almost exclusively manufactured into heavy grindstones. The total value of the grindstones produced from the 
_ four quarries was over $10,000 during the census year. Good building stone could not be advantageously extracted, 
as the rock is very much broken up. Never more than 12 and usually not more than 7 feet of the rock are 
quarried, for below this the rock is more broken, and is called ‘shell-rock”. The waste products of the quarries 
are sold for a mere nominal price for foundations and underpinnings. As the rock lies above drainage it is a very 
desirable material for trimmings on account of the permanency of its color. The grindstones sell for a little above 
the average price. 

Stone quarried at West View is considered equivalent to the Amherst stone. 

In addition to the large quarries mentioned the Berea grit is quarried in a small way to satisfy the local 
demand. Cuyahoga county forms one of the most important quarry districts in the United States.. 

Extracting and dressing the Berea grit is the chief industry in Erie and Lorain counties. The material produced 
from this and the adjoining regions, under the name of the Amherst building stone, is the most highly esteemed of 
any in the state, and it has been extensively shipped to Canada. There are large areas of good stone near the surface, 
away from railroad transportation, which have not been opened. Quite a variety of stones, as regards structure, 
ean be furnished from this formation, increasing the number of uses to which it may be applied. 

The Amherst quarries in Lorain county are located in a series of ledges which were once the shore-cliffs of 
lake Erie. The elevated position of these stones is a very great advantage, since the light and uniform color seems 
due to the fact that this elevation produces a free drainage, and the stones have been traversed by atmospheric 
waters to such a degree that all processes of oxidation which are possible have been nearly completed. The elevation 
also facilitates the extraction. Spur-tracks from the Lake Shore and Michigan Southern railroad pass through 
most of these quarries and supply means of transportation, and the C. and F. V. railroad furnishes means of 
access to those quarries not.in direct communication with the above road. 

The Berea grit at Amherst, as well as elsewhere, varies considerably in character and solidity within limited 
distances, and the ledges in which the quarries are situated apparently represent the more massive portions of the 
stratum, which have resisted erosion and have hence been left in relief. 

An idea of the arrangement of the strata in quarries can be obtained from the following section, which is 
exhibited in the quarry of L. Halderman & Sons, at Amherst: 
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The floor of the quarry, moreover, consists of good stone, which has been drilled for 12 feet, indicating a still 
greater thickness of stone which could be extracted. 

The other quarries of the region exhibit a similar diversity of material, although the arrangement is not often 
the same. As regards colors, the stones may be divided into two classes, called buff and blue. The buff stone 
(Plate E E) is above the line of perfect drainage, and, in the section above given, this extends as far down as the 
2 feet of bridge stone, forming a total depth of 23 to 27 feet. In most of the Amherst quarries the relative amount 
of buff stone is greater. 

As will be noted from this section, the different strata are not applicable alike to the same purposes, and the 
uses for which the different grades of material can be employed depend principally upon the texture and the 
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hardness of the stone. The softest and most uniform in sexta is especially applicable for certain kinds of grinding, 
and is used for grindstones only, and the production of these forms’ an important part of the quarry industry. 
In its different varieties the material is applicable to all kinds of grinding, and stones made from it are not only sold 
throughout this country, but are exported to nearly all parts of the civilized world. Some of the finest-grained 
material is also used in the manufacture of whetstones. There are various points in the system of the Berea grit 
where the stone is adapted to this use, but such a manufacture is best carried on when joined with a large interest 
in quarrying, so that the small amount of suitable material can be selected; and thus it happens that only at Amherst 
and at Berea are whetstones manufactured in large quantities. 

The stone which is especially applicable for purposes of construction is also variable. That which is of medium 
hardness and of uniform texture is used for building purposes or for grindstones ; some is too hard or not sufficiently 
uniform in texture for grindstones, and is used for building purposes only ; and the material sometimes found which 
is difficult to quarry and to dress is used for bridge-building purposes only. 

As regards appearances there is much diversity in the material produced in thisregion. There are differences. 
due to diversity of textures, of colors, and of methods of stratification, yet these are seldom recognized by the 
casual observer. Differences in color give rise to the terms ‘‘ blue” and “ buff” previously referred to, and differences. 
in methods of stratification give rise to’ the terms “split-rock”, ‘‘spider-web”, and “liver-rock”. The regularly 
and evenly stratified stone is classified as split-rock ; that in which the stratification is irregular and marked by 
fine, transverse, and wavy lines is classified as spider-web; the homogeneous stone which exhibits little or no 
stratification is classified as liver-rock. These lines of stratification are frequently marked by the presence of 
black ingredients which are composed of mica and carbonaceous matter. As regards composition, these stones are 
mainly a siliceous sand; and analyses show that the dry material contains usually as much as 95 per cent. of 
silica, with a small amount of lime, magnesia, iron oxides, alumina, and alkalies. When first taken from the 
quarry it contains several per cent. of water, and as long as this is retained the stones cut easily ; upon its loss: 
they harden. Analyses made for the Clough and Columbia Stone Companies show that their stones contained 
respectively 5.83 per cent. and 7.75 per cent. of water when wet, and 3.39 and 4.28 per cent. of water wher 
dry. The stone is extracted during only eight months of the year, since it is injured by being quarried in 
the winter and subjected to hard freezing while still containing this quarry water. The winter months are, 
therefore, occupied in stripping and channeling. The average thickness of this sandstone formation is more than 
60 feet in these counties, and in many places, as, for instance, at the Brownhelm quarry, it is over 80 feet in 
thickness. An acre covered by stone only 50 feet in thickness would furnish over 2,000,000 cubic feet. Many 

very fine buildings, both in the United States and Canada, have been built of the so- ealled Amherst stone, among 
which may be mentioned the Canadian Parliament buildings, and most of the public buildings in Toronto; and there 
is no city in the Union in which stone is extensively used where examples cannot be found in which this stone is. 
used for trimmings and ornamental work. 

Near Peninsula, in the northern part of Summit county, on the west bank of the Cuyahoga river, is a valuable 
outcrop of the Berea grit which has been very extensively quarried in the past, and shipped by canal to Cleveland 
and thence by lake to various lake ports, principally to Buffalo, New York. The base of the Berea grit is here 
several feet above the canal. The stone is still shipped quite extensively by canal, and also by the Valley railroad. 
The principal market at present is Akron. About 16 feet of the upper portion of the stratum are used for general 
building purposes; below this is a 7-foot course, used principally for the manufacture of mill-stones, for hulling 
barley and other grains; below this, the bottom course, about 5 feet in thickness, is a rather hard material, used 
quite extensively for paving purposes. The cap-rock is here about 20 feet in thickness; below this the first 6-foot 
course of building stone contains more protoxide of iron than the Amherst buff, and has a darker color. The 
remaining portion of the stratum contains less iron, and much of it is almost white. 

The Peninsula stone has the reputation of being exceedingly strong, but it is harder and less homogeneous 
than that from the Amherst quarries. 

The Berea grit has two lines of outcrop in Summit county, one on each side of the Cuyahoga river. The one 
on the east side passes down to Northampton township, where the stratum lies below the drainage level and 
contains a considerable amount of soluble compounds of iron, and has a very perceptible odor of petroleum, so that 
the material is not suitable for building purposes. The stratum has not been quarried to the bottom in this locality, 
but only about 18 feet in depth. The sheets or layers, so far as quarried, vary in thickness from 6 inches to 6 feet. 
The blocks of stone are mostly sawed into slabs for sidewalk paving. Still farther south, on the west line of 
outcrop in the northern part of Portage township, a quarry has recently been opened for the purpose of supplying 
material for sidewalk paving, and some for steps, caps, sills, ete. This material is similar to that in the above 
quarry, except that so far as quarried it contains no perceptible traces of petroleum. 

The exposed strata of rock in Huron county show evidence of great disturbances and displacement. Sharp 
synclinal and anticlinal axes are visible in the majority of these exposures, and are most conspicuous in the Berea 
grit. 

In Mr. Perrin’s quarry the stratum dips at an angle of nearly 45°. The sheets vary in thickness frora 8 inches 
to 10 feet. This stone is used principally for bridges and foundations. The rock is quarried by first blasting out 
with powder large masses, which are afterward cut by means of wedges into the sizes required 
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In Mr. Grannell’s quarry the rock has been less disturbed and lies in nearly a horizontal position. The sheets 
here are not so heavy as in the above quarry, but the quality of the material is about the same. The layers vary 
from 1 inch to 5 feet in thickness, and those 6 inches and less in thickness are used principally for paving purposes. 
The thinner sheets are raised from their bed by means of wedges and bars. 

Still farther south in this county, in Fairfield and Greenfield townships, the stratum of the Berea grit is made 
up almost entirely of thin sheets. 

In a quarry in the latter township the sheets vary in thickness from 1 inch to 2 feet, the prevailing thickness 
being from 1 inch to 6 inches. The material is used almost exclusively for paving purposes, for which it is well 
adapted, being strong and durable, though much of it is deeply ripple-marked and does not make a smooth 
pavement. . 

The line of outcrop of the Berea grit formation is marked by a series of quarries which cross the eastern tier 
of townships in Crawford county. (a) The quarries in Polk township are at present of much less importance than 
those in Jackson township in the vicinity of Leesville. Quarries have been worked in this vicinity for thirty or 
forty years. The quarry of the Leesville Stone Company is located about one mile north of the railroad station, 
but a spur-track is now nearly completed from the main line of the railroad to the quarry. The material from this 
quarry has earned a good reputation, and the stone has been quite extensively extracted during the last few years. 
The rock lies below the level of perfect drainage, and in both color and texture it is similar in appearance to that 
quarried at Berea, but on exposure to the weather its color changes to light gray. Blocks of any desired dimensions 
may be obtained in this quarry, and the method of quarrying is the same as that employed in the Berea and Amherst 
quarries. The material is employed for all general building purposes, most extensively, however, for the 
construction of bridge abutments and piers. It finds its principal markets along the line of the Pittsburgh, Fort 
Wayne, and Chicago railroad, from Crestline westward into northern Indiana. This quarry is locally more 
important from the lack of building stone suitable for heavy masonry along this portion of the railroad. Other 
quarries less favorably located are worked, some with considerable variation in quality, but furnishing material 
for local use. 

In Plymouth township, in the northwestern corner of Richland county, the Berea grit is quarried for the 
construction of foundations and bridge work in the vicinity of the quarries. Some flagging material is also obtained 
from the quarry of Mr. Bevier. The material developed in this locality is inferior in quality to the Leesville stone, 
and on exposure to the atmosphere it is more liable to suffer detrimental discolorations. 

The Waverly conglomerate furnishes nearly all the stone for ordinary purposes of construction in the town of 
Mansfield. In one quarry about 60 feet of rock is exposed. It is considerably broken up; the upper 30 feet being in 
thin layers, and the lower 30 feet in layers from 1 foot to 6 feet in thickness. Much of this material is beautifully 
colored in wavy bands of black, yellow, red, and gray, and would make a very ornamental stone if it were not so 
soft and easily worn by abrasion. It has been used to some extent for purposes of ornamentation in the town 
of Mansfield. In some of the colored material the red predominates, and the stone is harder but less beautiful in 
appearance, but it does not exist in large quantities. In another quarry the material is less broken up, and is 
more uniform in quality, texture, and color. 

The Waverly conglomerate in this locality is a coarse-grained sandstone, but rather finer than in most other 
localities where it is quarried. The light-red and gray-colored samples forwarded to the National Museum were 
found to be very good and safe stones to work. The dark-red colored specimen is rather coarse and loose in 
structure. | 

A section of the quarry of Mr. D. W. Zent, at Belleview, exhibits the following arrangement of strata: (a) 
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There is but little variation in the character of the material except in color. The material has been used 
principally in the construction of railroad bridges on the Chicago branch of the Baltimore and Ohio railroad. 
Considerable of the material is used at Lexington, Ohio, and in the neighborhood of the quarry. Only a small 
amount of powder is used in the extraction of the stone, and the amount of production is controlled by the demand 
for stone by the Baltimore and Ohio Railroad Company. The layers of stone are from 6 inches to 6 feet in thickness, 
and open joints occur from 4 to 5 inches in width. About 60 feet of rock are exposed in the quarry at the present 
time, and the formation has not yet been quarried out to the bottom. The color of the layers near the top of the 
quarry is brownish; farther down some of the stone has a yellowish appearance, and at the bottom of the quarry is 
a layer of mottled or clouded stone, a blending of red and brown. 


a Geological Survey of Ohio, Vol. III, p. 321: “Geology of Richland County,” by M. C. Read. 
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An abundance of stone of indifferent quality may be obtained in the vicinity of Wooster from the Waverly 
formation. A little north of the town a much-broken sandstone is quarried to some extent for the production of 
material for building foundations and cellar walls. 

The most important quarry in this locality isin the Waverly conglomerate. In this quarry blocks of any desired 
dimensions may be obtained, and the stone is used principally for the construction of foundations and bridge work. 
At the joints the material shows a discoloration to a depth of about 1 inch due to weathering. <A quality of 
material rather superior to the above is obtained from the Carboniferous or Sharon conglomerate in Chippewa 
township, in the northeastern part of the county. 

In the quarry of the Walnut Grove Stone Company, apernted here, large blocks are obtained for bridge-building 
purposes, and some of the material quarried is used for the construction of foundations. The principal markets for 
the material are at Orrville and Wooster, and some is transported to Akron, in Summit county. The material is a 
coarse-grained though quite firm and durable sand rock, very suitable for heavy masonry. At the natural joints. 
in the quarry the material shows but little discoloration from the effects of weathering. The marketable material 
here comes almost to the surface; it is necessary to remove only about 3 feet of drift material before the marketable — 
product is reached. The material is quite soft when first quarried but hardens upon losing the quarry water. 

The stratum in which the quarries near Massillon, Stark county, are located, according to the concurrent 
testimony of all the geologists of the Second Pennsylvania geological survey, is the second or middle sandstone of 
the great Carboniferous conglomerate; it immediately overlies and often cuts out the lowest coal, known as the Sharon 
seam. Dr. J.S. Newberry, in the Report on the Geological Survey of Ohio, confirms the designation of Carboniferous. 
conglomerate for the Sharon conglomerate which lies below the Sharon coal. The Massillon sandstone, in the 
quarries near the town of Massillon, is quarried by means of channeling and wedging. The courses vary in thickness. 
from 2 to 8 feet, the lower courses being the thickest. The stratification is somewhat undulating, and the courses are 
not uniform in thickness. Blocks of stone of any desired dimensions may be obtained from any of the quarries 
devoted to the production of building stone. The entire thickness of the stratum is about 60 feet. This material 
is employed principally for general building purposes, but it is also manufactured into grindstones, chiefly for 
dry grinding. According to the testimony of Mr. J. P. Burton, of Massillon, the Massillon sandstone, when 
subjected to a temperature of 900° F., yet remains in perfect condition. He has used the material for many years 
in his furnace-stack at the Massillon blast-furnace; and the stone which stood the above test was taken from the 
quarries of Messrs. Warthorst & Co. and used for a hearth. The texture of the stone is not the same in all the 
quarries about Massillon, and the finest-grained material isobtained from Mr. John Paul’s quarry, about 5 miles north 
of the town. The upper layers in this quarry are crushed for glass-sand and the lower layers for steel-sand, and 

‘but little of the material is used for purposes of construction. Powder is used for removing the cap-rock, which 
varies in the different quarries from 2 to 10 feet in depth, and for extracting the material for glass- and steel-sand. 

All three horizons are worked for the Youngstown market. The Briar Hill and Bear Den quarries belong to 
the middle horizon, and those of Austintown to the highest. The ledges in this locality, as a rule, grade 
upward in’ fineness, and the upper stones give the best results when dressed. All of them are nearly pure silex,. 
and the waste material of the Briar Hill quarry is all ground or crushed and sold to the steel works; much of it is 
adapted also to coarse-glass manufacture. The rock of the middle ledge is colored in bands and lines with iron 
peroxide, which robs it of beauty, but interferes in no way with its durability. In all northeastern Ohio there is no 
limit to the amount of strong, massive, and durable building stone to be obtained. The quarries in the middle 
division of the conglomerate series, on account of the more favorable situation of the outcrops, are more largely 
worked than the quarries in the upper and lower divisions. 

The Austintown quarries have been worked at intervals since the country was settled. The stone is light- 
brown in color, rather coarse, but uniform in texture. It is used to some extent for purposes of ornamentation in 
Youngstown, but its principal uses are for general building purposes and bridge work. I lag-stones of fair quality 
are also quarried here for the local demand, from a horizon just below the sandstone ledge. Blocks of any 
desired dimensions may be obtained from the middle division of this series, and the material is used principally 
for general building purposes, bridge work, and to a small extent for ornamental fronts. The principal market for 
all these quarries is Youngstown. Some material is shipped from the Briar Hill quarry to Pittsburgh and some is 
used for purposes of construction by the New York, Pennsylvania, and Ohio railroad. 

Stone for local uses may be obtained almost everywhere in Tuscarawas, Holmes, and Knox counties, and for this 
reason no extensive quarry is worked. A quarry was opened and developed for the purpose of extracting material 
for bridge construction on the line of railroad running near the quarry, but is now nearly abandoned, because this 
railroad obtains building stone in cuts through the same stratum. This stone lacks the uniformity of texture and 
color demanded for the better class of work. 

There are a number of ledges of sandstone, about 20 feet in thickness, found at different horizons in the Lower 
Coal Measures in Tuscarawas county, and they all furnish some building stone. A considerable portion of the 
building stone used in the county is obtained from masses of rock which have been detached from the solid ledges. 
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The stone from the quarry of the Tuscarawas Valley Coal and Iron Company is finer in texture and of a more 
uniform color than any other stone obtained in the county. It is used for ‘ bottom” in the blast-furnace belonging 
to this company, and resists the action of heat uncommonly well. The principal uses of the material from these 
quarries are for constructions of foundations, underpinnings, and bridges in the vicinity in which the quarries are 

located. 

Almost everywhere in Holmes county there are lying on the surface large masses of rock which have been 
detached from the strata of the Coal-Measure sandstones. These detached masses supply the local demands for 
building stone, and no quarries are developed in the ledges. 

Near the central part of Knox county, from 3 to 7 miles northeast of Mount Vernon, large masses of rock lie 
loose upon the surface. These have not been transported to their present station, but have been left in loose blocks 
on the surface by the undermining and removal of a portion of the soft shales that immediately underlie the stratum 
of sandstone. The quarry operations represented by Messrs. Bartlett Brothers are worked in these masses of 
sand-rock. This stone is considered the best material for building purposes to be found in the vicinity of Mount 
Vernon. It is used for all general building purposes, including caps, sills, columns, ete., in the town and through 
the neighboring country. It is estimated that about 250,000 cubic feet may be obtained in some places from the 
surface of half an acre in area. This material has been a source of local supply for about seventy years. 

The Waverly conglomerate, which is quarried near Howard station, is not so highly esteemed as is the stone of 
the Carboniferous conglomerate, described above. The demand for it is principally for use in the construction of 
railroad bridges, arches, culverts, and to some extent for foundations and underpinnings. Some is shipped to 
Columbus, Ohio. The layers of stone in this quarry vary in thickness from 6 inches to 6 feet, and blocks of any 
required dimensions may be obtained. Itis rather soft when first extracted, but hardens on exposure to the weather. 

In Morrow county the Berea grit crops out, and is quarried in North Bloomfield, Washington, Gilead, and 
Lineoln townships. Its total thickness varies from 15 to 40 feet in different localities. The thin layers of its upper 
portion are very even and compact, and make an excellent flagging material. The most favorable development of 
the flag-stone occurs nearIberia. At this place the layers vary in thickness from 1 inch to 6 inches, but 24 inches is the 
most common thickness; the total depth of flag-stone is about 20 feet, below which from 18 to 22 feet of heavier 
layers occur. The quarries are located in the bed of a stream, and only the thin layers are extracted. The amountof 
flag-stone that may be quarried in this vicinity is practically inexhaustible. At present the material is carried on 
wagons 2 miles to the nearest railway shipping-point, and a considerable portion of the product of thé quarries is 
carried on wagons to the town of Galion, in Crawford county, which is the princspal market for the stone quarried 
in the northern part of Morrow county. 

The thickness of the heaviest layers in the county is only about 24 feet. 

The Berea grit crosses the eastern part of Delaware county, and at Sunbury quite important quarries have been 
developed. It has here been worked to the depth of about 20 feet, as deep as natural drainage is available. Good 
building stone might be obtained below this depth, but artificial drainage would be required. Plate F F represents 
a surface of the Sunbury freestone. This material bears a close resemblance to the Euclid ‘ blue-stone” of 
northern Ohio. The layers vary in thickness from 3 inches to 3 feet. The thin layers are quarried for flagging 
stones, and the heavy ones for general building purposes and to some extent for ornamental work. The material 
finds its principal markets at Delaware, Mount Vernon, Columbus, and Orrville, Ohio. Examples of it may be 
seen in the building of the Ohio Industrial-Home for Girls in Delaware county, and in the National Bank building 
at Delaware. ; 

The sandstone of the Berea grit in the eastern part of Franklin county has considerable local value, because 
on.each side of its outcrop the surface of the country is occupied by a belt of shale from 8 to 10 miles in width, the 
pelt on the west being entirely destitute of building stone and the one on the east is nearly so. The formation has, 
however, in this part of the state lost many of the valuable qualities which characterize it in Erie, Lorain, and 
Cuyahoga counties. On account of its accessibility, however, it has been used quite extensively in Columbus, 
the Ohio Institution for the Blind being constructed of it as well as several stone fronts. 

The.entire product of a quarry 10 miles east of Columbus is sawed at the quarry for caps, sills, ashlar, etc., 
and shipped to various points along the lines of the Baltimore and Ohio and Pan-Handle railroads, but principally 
to Columbus. 

The greater portion of the surface of Licking county is occupied by the rocks of the Waverly formation, but 
a portion of the eastern part of the county is occupied by the conglomerate and Coal-Measure rocks. The Waverly 
conglomerate crops out in bold cliffs over quite an extensive area in Madison and Hanover townships. It has been 
quite extensively quarried in this vicinity for use as material for construction on the lines of railroad running through 
this section of the county. It is a rather coarse-grained sandstone, in some localities quite uniform in texture, and 
in others containing pebbles sometimes an inch in diameter. It is rather soft when first quarried, and works rather 
easily, but hardens on exposure. In some places sections of this conglomerate 100 feet in thickness are exposed in 
ravines. The quarries now operated are located in the banks on each side of the Licking river. One quarry is 
located in the north bank, at the foot of which runs the Ohio canal, which furnishes the means for transporting the 
material to Newark and Columbus, where it finds its principal markets. Another quarry is located in the south 
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bank, at the foot of which passes the Baltimore and Ohio railroad. The material is used quite largely for heavy 
masonry along the lines of railroad, and for general building purposes at Newark and Columbus. It varies in color 
from gray to light brown. The cap-rock necessary to be removed seldom exceeds 4 feet in depth, and consists 
principally of soil, loose sand, and gravel. 

This material may be obtained with equal advantage on the line of the Pan-Handle railroad, and there is no 
limit to the amount of strong and durable sandstone which may be extracted in this vicinity. A quarry 14 miles 
south of Newark, in the Cuyahoga shale, furnishes a fine-grained and homogeneous material, at present used 
principally for foundations at Newark and Columbus, Ohio. Trinity church, at the latter place, was constructed 
of this material, and the only defect noticed in the stone is the discoloration. It gives evidence of both strength 
and durability when laid on its natural bed, and when it is quarried sufficiently early in the season to allow it to 
become thoroughly dry before being subjected to the action of frost. 

The Waverly sandstone seen in Fairfield county in the cliffs along the Hocking river is generally coarse-grained, 
often passing into a true conglomerate; and it shows the same character in the hills and highlands west of the 
river. It is more commonly of arich yellow color, but sometimes of a darkish brown. In many places the stone is 
firm in texture and capable of resisting great pressure without crushing.(a) The stratum in which the quarries 
near Lancaster are worked is solid, and about 30 feet in thickness. There are but few joints, and the largest sized 
blocks may be obtained. The material is used principally for bridge construction, canal locks, and general building 
purposes. The principal markets for this material are Columbus, Centerville, and Lancaster, Ohio. The material 
for the superstructure of the Saint Joseph’s cathedral at Columbus was obtained from the quarry of Messrs. Sharp 
& Crook, and that for the foundation of the same structure from quarries in the Waverly conglomerate near 
Hanover, Licking county. The amount of cap-rock to be removed is from 3 to 4 feet in some localities, and as 
much as 25 feet in depth in other places. Powder is employed in quarrying. 

The Lithopolis quarries are located in the lower portion of the Cuyahoga shale of the Waverly group. There 
are several horizons of building stone in the Waverly group, but this particular portion of the Cuyahoga shale is 
quite rich in quarries, especially in southern Ohio. There is a number of important quarries in the upper member 
in different parts of the state, as indicated in thetables. The lower portion of the Cuyahoga shale has no economic 
importance in the northern part of the state. The only important quarry in the whole formation in northern Ohio 
is that of the Austin Flag-stone Company, in the upper portion of the shale. In southern Ohio the most important 
building-stone quarries are in the lower portion of this shale. 

The stone quarried at Lithopolis and at other localities at or near the same horizon is commonly denominated 
freestone. It is a fine-grained sandstone, usually in quite thin courses; is sawed easily, and answers a very 
convenient purpose for caps, sills, and stone fronts. Columbus, Ohio, is the principal market for the product of the 
quarries. 

Stone for the ordinary purposes of construction may be obtained in various localities in Hocking county, but 
only one quarry is developed in the Waverly conglomerate near Logan, and the material from this has but recently 
come into the market through the facilities for transportation afforded by the construction of the Hocking Valley 
railroad. There are no important quarries below this point in the Hocking valley. The stratum of the Waverly 
conglomerate in this locality consists of three layers, each about 10 feet in thickness. The rock underlies an area 
of four or five acres with a cap-rock but a few feet in depth, consisting of clay and gravel, which is easily removed. 
The quarry is located close to the railroad and is capable of supplying any demand for material likely to be made 
upon it. It finds its principal markets at Columbus, Lancaster, and London, Ohio, and has been shipped to some 
extent to Marion and Winnemac, Indiana. 

When a canal was constructed through the valley fifty years ago, it furnished easy transporation for the great 
ledges of sandstone that bound the valley for a dozen or more miles, and the stone from Waverly, Pike county, 
soon became famous in Columbus and central Ohio generally as Waverly stone. The name was early extended to 
a great group of associated sandstone and shales of sub-Carboniferous age, as has recently been proved, but the 
real age was long an unsettled question; hence comes the Waverly group of Ohio geology. It is the first sandstone, 
except the local Euclid blue-stone, reached in ascending the geological scale of Ohio that can be quarried. 
The stratum is best shown from Waverly south for 10 or 12 miles. It dips below drainage just south of the county 
line on the river’s bed. For these 10 or 12 miles it is reached on all the ravines on each side of the river. The 
stone about Waverly has been followed back under such heavy cover that the increased expense of quarrying has 
ruled the material out of the market. A quarry at Piketon has just been made possible by the Scioto Valley 
railroad, constructed four years ago. There is, however, no first-class stone now available in this quarry. There 
are 26 feet exposed in it in courses varying from 14 to 24 inches in thickness. There is a great amount of reliable 
stone in the stratum and a great amount that is treacherous. It is by no means equal in uniformity of quality to 
the Berea stone of northern Ohio. It formerly furnished a grindstone grit of great local value. The stone is always 
ripple-marked and bears other evidences of having been formed on a shore-line. It is usually of a uniform gray 
color, but there is also a variegated variety clouded with red which is one of the most striking stones of the state. 
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The above, however, is but an inadequate statement in regard to the range of quarries that for many years held 
the first place in southern Ohio. Many other ledges of at least equal value have now been rendered available by 
the new lines of railroad communication. 

The Waverly stone, where it has not been subjected to atmospheric influences, has the characteristic bluish- 
gray color of the Berea grit formation in other parts of the state. The difference in composition between the 
weathered portion and the blue-stone is shown in the following analysis made by Professor Wormley for the Report 
on the Geological Survey of Ohio: 














No. 1 | No. 2 
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Near Cynthiana, where the variegated variety above referred to occurs, there is also found a very white, 
fine-grained variety, and the following analysis shows this to be very nearly of the same composition as that above, 
without the oxides of iron: 


Per cent. 
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The Waverly brownstone quarries lie at a horizon about 40 or 50 feet above the Waverly stone, or Berea grit, 
in its southward extension. They lie very near the horizon of the famous Buena Vista stone of Scioto county. A 
number of the best stone fronts at Columbus, Ohio, have been constructed from the product of these quarries. The 
stone is brown only on the outcrop; when found a few feet under cover it assumes a dark blue color and loses its 
value as an ornamental stone. The blue variety contains a large amount of soluble iron protoxide which produces 
a bad discoloration on exposure to the atmosphere. The following analysis made by Professor Wormley for the 
Report on the Geological Survey of Ohio shows the composition of the Waverly brownstone : 





Per cent. 
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The quarry which has been the most important is located about half way between Waverly and Piketon. Here 
the stone forms a massive bed 8 feet in thickness. The same ledge has been worked along the valley on both sides 
of the Scioto river for 10 or 12 miles. That quality of stone still remains in easy reach, though some of the quarries 
have already yielded all their brownstone to the market. The depth of cap-rock to be removed in these quarries 
nowhere exceeds 15 feet. 

All the ravines that reach the Ohio valley below Portsmouth for 20 miles disclose a large amount of excellent 
building stone, but in the ravines that are found from 2 to 4 miles below there is a horizon disclosed that lies low 
enough to be easily reached, and that is naturally covered by an easily-eroded cap, so that a very considerable 
amount of building stone has been found readily accessible. This horizon is at about the middle of the 
sub-Carboniferous system in Ohio. 

The Portsmouth quarries have been worked since the first settlement of the Ohio valley. During the last 
fifty or sixty years a great number of separate quarries have been opened, but all on the same horizon. When the 
stripping becomes heavy a slight change in location ismade. The land is considered of no great value for any other 
than quarrying purposes. Some locations prove better than others, and these are being worked more systematically 
of late years. 
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At the quarry of Messrs. Reitz & Co. the stone occurs in layers from 6 to 24 inches in thickness. These 
courses are frequently separated by an inch or two of shale. Joints do not occur frequently to interfere with the 
systematic working of the quarries. For flagging the stone is unequaled in the Ohio valley, as it wears evenly, 
always gives foothold, and is in every way satisfactory. It is well adapted to sawing, and is used quite extensively 
for general building purposes. The materiai finds its principal markets along the Ohio valley, through Ohio, West 
Virginia, Kentucky, and Pennsylvania. It has been used in the construction of the court-house at Athens and the 
Children’s Home building at Gallipolis, Ohio, and the Western penitentiary of Pennsylvania, at Allegheny. 

The quarry of Mr. J. M. Inskeep is located about 12 miles below Portsmouth, on the Ohio river, at a horizon 
about 60 feet above the Buena Vista stone proper. There are 30 feet of rock in about 20 different layers. ‘Fhe 
lowest course, about 32 inches in thickness, is the most valuable stone. This course is covered by 4 feet of blue 
shale, which is the largest mass of shale in this section. The other shale deposits are but little more than partings 
between layers of sandstone. The courses are remarkably even in thickness, but those above the lowest do not yield 
a strictly first-class material. For the last three or four years this quarry has supplied material quite extensively 
for the Columbus market, and a number of fine stone fronts have been constructed from it. The stone varies 
considerably in quality, and needs to be carefully inspected. 

The southwestern portion of Scioto county and the southeastern corner of Adams county, two adjoining districts, 
were once the most important localities in Ohio for the production of building stone. In the earlier days of the state 
an engineer of reputation, employed upon the construction of canals, became conversant with the then known 
building stones of the state, and recognizing the great value and accessibility of the ledge, commonly known as the 
Buena Vista Freestone ledge, bought a large territory here, and began the development of the quarries in a large 
way. Other horizons of good rock were found at various levels, but this one bed, byits color and quality, supplied 
the Cincinnati market almost exclusively. Its reputation spread throughout the whole Ohio valley and beyond. 
Large quarries were opened on both sides of the river, government patronage was secured, and material for the 
construction of custom-houses and other public buildings was ordered from the Buena Vista quarries. So great 
was the demand for this stone that material of poor quality as well as of good was hurried into the market. The 
greenstone while full of quarry water was laid in massive walls, and the bad behavior of this material soon 
excluded the stone almost entirely from the market. It is, however, as good now as when it earned its high 
reputation, but needs careful and conscientious selection and uel seasoning. 

Just below the horizon of the Buena Vista stone lies the Berea shale, a bed of highly ‘bifacnteciae and very | 
fossiliferous black shale, ranging from 15 to 30 feet in thickness. Its bituminous composition makes it a source 
of petroleum, which rises into the sandstone courses that lie above it. This is the source of one of the worst 
impurities of the Buena Vista stone. When followed under cover it is found loaded with petroleum or with tar, 
which seems not only to disfigure the stone but to weaken it to some extent; and other impurities in the stone are 
masked for the time by this bituminous matter. The oil-bearing stone is tolerated only in rough, heavy work. 
Some of the stone contains sulphide of iron, which, on exposure to the weather, becomes oxidized to the sulphate and 
goes into combination with compounds of aluminium, and appears on the surface of the stone as a white efflorescence 
which has the characteristic taste of alum. Grains and nuggets of pyrites appear in the shales associated with 
this sandstone, but are not very perfectly visible to the naked eye in the city ledge (the name now applied to the 
stratum proper of Buena Vista stone). The rock is quarried by channeling and wedging in the same manner as in 
the quarries of the Berea grit in northern Ohio. No stone is extracted for the market during the winter months, 
but this time is occupied in removing the cap-rock and in channeling. The behavior of the material when properly 
selected is apparent in a number of important structures in Cincinnati, and that of the unselected material 
may be seen in the custom-house and other buildings in Chicago. The material has also been used with good and 
bad results in a number of other cities and towns, including Louisville, Kentucky, Pittsburgh, Pennsylvania, 
and Detroit, Michigan. 

CARBONIFEROUS. —The Carboniferous conglomerate (Sharon conglometate of the Second Geological Survey of — 
Pennsylvania) farnishes the only important building stone in Portage county. This formation in Ohio geology is 
commonly called ‘the Conglomerate”. ° 

In Franklin, Mantua, and Nelson townships, where it is well seen, it is a coarse, drab-colored sandstone, in 
places thick set with quartz pebbles from the size of a pea to that of an egg. It is quarried in these localities to a 
small extent for local purposes. 

At the quarry of Messrs. Case & King, in Windham township, it is finer, whiter, and more homogeneous, and 
answers quite well for architectural purposes. It is rather too coarse for fine work, but it is strong and durable and 
well adapted to bridge building and all other plain and massive masonry. 

In Summit county the Carboniferous conglomerate underlies all the higher portions of the county and forms 
the surface rock over all the middle portion, except where cut through by the Cuyahoga and its tributaries; though 
generally covered and concealed by beds of drift, it is exposed and quarried in all the towns north of Akron. In 
the valley of the Cuyahoga it forms cliffs sometimes 100 feet in perpendicular height. The rock is about 100 feet 
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in thickness, generally a coarse-grained, light drab sandstone, but in some localities, and especially near the base 

of the formation, becoming a mass of quartz pebbles, with just enough cement to hold them together. (a) 

All the accessible material that is now known in this formation is applicable to ordinary purposes of building. 
Although it is quarried in many different localities for local supply, it is worked extensively in but two localities— 
at Akron and in Twinsburg township. The quarries at Akron are worked. principally to supply the town with 
foundation stone and the immediate vicinity with bridge stone. The quarries in Twinsburg township are at present 
worked quite extensively to supply material for the construction of bridges on the Cleveland and Pittsburgh and 
the Connotton Valley railroads. 

A section in Mr, Parmelee’s quarry exhibits 18 inches of soil and gravel, 15 feet of coarse sandstone in which 
thin strata of pebbles occur from 14 to 4 feet apart, and 6 feet of very coarse conglomerate underlaid by shale.. The 
15-foot course of sandstone occurs in a solid mass, which separates easily where strata or sheets of pebbles called 
‘*bed-seams” occur. In the Akron quarries the stone is fine-grained and more homogeneous than in the Twinsburg 
quarries. In Mr. Hugill’s quarry the rock has been quarried to a depth of 40 feet, and the material obtained is a 
coarse-grained sandstone free from pebbles. Formerly, in a quarry known as Wolf’s quarry, near Akron, a local 
stratum produced a deep reddish purple sandstone, perhaps the most beautiful building stone ever produced in 
the state, which was used quite extensively in Cleveland, and two residences on Euclid avenue are constructed 
of this material. At Cuyahoga Falls a similar material has been quarried to some extent for the construction 
of buildings in the town. The quantity of this variety of building stone is apparently not large, and it seems that 
it is nowhere known at present where it can be profitably quarried in a large way. The Wolf quarry has not been 
worked for a number of years. 

The stone quarried for building purposes in Coshocton county is obtained from blocks detached from strata of 
Sandstones of the Lower Coal Measures. Thestratum from which the blocks quarried by the parties represented in 
the tables have been detached is a solid ledge 30 feet in thickness, and lies a few feet above the horizon of the Zoar 
limestone. The material is usually a light-colored sandstone, though some of it has a reddish color, and some is a 
finer-grained white sandstone. The stone used for the construction of locks on the Ohio canal, through Coshocton 
county, was obtained from these quarries. The stone has the reputation of enduring well ordinary atmospheric 
influences, but not of withstanding a high degree of heat. It is principally used for bridge building and foundations 
in the vicinity of the quarries. 

Material for ordinary purposes of construction is obtained in various localities in Muskingum county from the 
Coal-Measure sandstones, but there is no extensive quarry at any place except about half a mile east of Zanesville. 
This quarry furnishes by far the largest part of the stone used for construction in and about Zanesville. It has 
been used quite extensively for building canal locks, foundations, and for sidewalk pavements. Some of the oldest 
buildings in Zanesville are constructed entirely of this material, and it is found that the stone is more capable of 
resisting atmospheric agencies than of resisting the abrasive action to which it is subjected in sidewalks. This 
material is easily obtained in great abundance and of fair quality, and is the most important among the building 
stones found in the neighborhood of Zanesville, except perhaps the sub-Carboniferous limestone with which it has 
been recently brought into competition. 

The most important building-stone quarry in Noble and Guernsey counties is near Cumberland, on the line 
between the two counties. The stratum quarried is solid and about 10 feet in thickness. The material is a dense 
fine-grained sandstone, rather hard, but susceptible of being finely carved. It is of a gray or light-brown color 
where it has been subjected to atmospheric influences, but as the excavation progresses into the hill a material of 
a bluish-gray color is obtained. Joints in this stratum are filled up with a hard calcareous matter deposited from 
solutions of the material from a limestone ledge a short distance above the sandstone. The size of blocks determined 
by these joints is about 30 by 15 by 10 feet. The materiai is employed for all general building purposes, principally 
at Cambridge. It is used in the superstructure of the court-house in process of construction at this place. The 
foundation stone for this building was obtained near Cambridge, from a quarry worked only to supply temporary 
demands. 

e Stone for the ordinary purposes of construction may be obtained in various localities in Jefferson county from 
the different sandstone strata of the Coal Measures, which occupy the whole area of the county; but the only 
quarries that have been developed are those near Steubenville, in the Upper Coal Measures. 

One quarry furnishes stone for general building and paving purposes, used principally in the town of Steubenville. 
The material has a bluish color where it has not been exposed to atmospheric action, and at the natural joints 
discoloration has penetrated into the rock from 10 to 18 inches. This liability to discoloration makes this stone 
unfit for the finer purposes of construction. 

A better material for purposes of ornamentation is obtained from the quarry where two separate and distinct 
Strata of sandstone in the Upper Coal Measures occur. There are, in reality, two separate quarries, located at 
different heights, at the side of a hill west of Steubenville, near the Ohio river. The material from these quarries 
is used largely for cemetery work, bases of monuments and tombstones, vaults, etc. That from the upper quarry 
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is better adapted to fine work, but it is not so extensively used, because the material is not as accessible as that 
in the lower quarry. The Episcopal church at Steubenville was constructed of stone from these quarries. 

Belmont county is well supplied with material for the ordinary purposes of construction from the sandstones of 
the Upper Coal Measures and the Lower Barren Measures; and some of the quarries furnish material quite well 
adapted for ornamentatal purposes. The most important quarries are those in the eastern part of the county, 
near Martin’s Ferry and near Bellaire. These quarries are located in the hills several hundred feet above the Ohio 
river. The quarry of Mr. Charles Siebrecht is located about 100 feet high in one of these hills. The stratum is a 
solid mass about 30 feet in thickness. The material is used for general building purposes, principally at Martin’s 
Ferry. The stone-work of the suspension bridge across the Ohio river at Wheeling, West Virginia, is constructed 
from this material. 

The total thickness of the sandstone ledge quarried by Mr. Robinson, near Bellaire, is about 40 feet. The 
rock, for a depth of 17 feet from the top, is very uniform in texture and general appearance. The portion of the 
ledge below this is in irregular masses, unfit for building purposes, and is locally called “nigger-head”. The layers 
of stone in the upper 17 feet are quarried for building purposes, and vary in thickness from 4 to 7 feet. This is 
esteemed as the best material for building purposes found in Belmont county. The arches and abutments of the 
Baltimore and Ohio Railroad bridge across the Ohio river at Bellaire, and of a number of other bridges on the same 
railroad, are constructed of this stone. The material finds its principal markets at Bellaire, Ohio, and at Wheeling 
and Benwood, West Virginia. Traces of coal vegetation are found occasionally between the layers of stone in this 
quarry. A short distance above this sandstone a vein of coal occurs, and above this a limestone stratum 20 feet 
in thickness, quarried for furnace flux. 

The ledge of rock in Mr. Hutchinson’s quarry is about 30 feet in thickness, and is oonedenaily broken into 
irregular masses. The stone is fine-grained, rather hard, and difficult to cleave in any direction. Near the middle 
of the ledge are two layers, each about 20 inches in envpineus) which are more regular; the rock, however, is found 
less broken as the excavation advances into the hill. Since this quarry is constantly worked for ballast, it has the 
advantage of selecting its best material for purposes of construction. However, stone more regular in structure 
and better adapted to building purposes is quite abundant in this locality. There is also a good flagging stone 
found here in a different stratum; but this is quarried only occasionally for temporary demands. The product ot 
the quarry of the Baltimore and Ohio Railroad Company, near Barnesville, is used largely for ballast. It has 
been used to some extent for purposes of construction on the Baltimore and Ohio railroad. The stratum in which 
the quarry is located is about 30 feet in thickness, but has only been worked to a depth of 14 feet. The stratum 
contains few joints and has no divisional planes of stratification. Stone of such fair quality for all ordinary 
building purposes is so generally distributed throughout this part of the county that it is picked up wherever 
needed to supply the occasional local demands, and no extensive quarries are developed at any place for the 
production of building stone. 

In Washington county strata of sandstone belonging to the upper series of Coal Measures are quarried for the 
production of building stone and grindstones in the heavy ledges along the Ohio River hills. The most important 
quarries are located near Marietta and Constitution. The arrangement of the different sandstone strata, with their 
alternate shales, coals, and fire-clays, is as follows: 
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The quarries near Marietta and Constitution are all, except Mr. T. B. Towaneniia worked in the grindstone 
stratum, and produce, besides grindstones, material for am general building purposes. The building stone is used 
util; at Marietta and at various points along the Ohio river. In different portions of the stratum there are 
sufficient varieties of texture to furnish all kinds of grits used for wet grinding, and the grindstones are shipped to 
all manufacturing points in the United States. The rock splits readily in the direction of the stratification. The 
advantages ofiered for the transportation of the product by the proximity of the quarries to the Ohio river greatly 
aid their development. 

The quarry of Mr. Townsend is located on the Muskingum river, and is devoted to the production of a material 
mainly for bridge-building purposes, and some for general purposes of construction. The section exposed in this 
quarry exhibits 65 feet’of sand-rock, which becomes still heavier as the quarry progresses into the hill. It consists 
of layers from 45 to 18 feet in thickness. In the lower portion of the quarry the material is rather finer in texture 
and superior in quality to that in the upper portion. The quarry was opened for the special purpose of obtaining 


stone for the ice harbor, now in process of construction at Marietta; but it also furnishes material for other 
structures. 
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LIMESTONE. 


CINCINNATI GROUP.—The southwestern corner of Ohio is covered by what is called the Cincinnati group of 
limestones, a geological formation equivalent to the Hudson River beds of New York. These rocks were very 
early quarried and used for construction purposes, although the special quarries that are at present in operation 
have been much: more recently developed. Quarries once located on the outskirts of Cincinnati have suspended 
operations on account of the growth of the city. The material is mentioned in the early reports upon the geology 
of Ohio as having been used in 1838 for building, burning into lime, macadamizing roads, and even for ornamental 
purposes. (@) 

Professor Orton gives the following as the order in which the beds which const#ute the Cincinnati group in. 
southwestern Ohio are arranged : 

The Point Pleasant beds, 50 feet thick, constitute the lowest of the series. The Cincinnati beds proper overlie 
these, and are 425 feet thick. The Lebanon beds are the highest, and are 300 feet thick. Quarries are developed in 
each of these horizons. The rocks wherever they are quarried are very much alike, and are called in commerce 
blue limestones. As arule they are filled with fossils, and occur in layers that are from half an inch to 12 inches. 
in thickness, which are interstratified with beds. of shale or clay. Professor Orton says that while this blue 
limestone has been used from the first settlement of the country, it has hitherto enjoyed the reputation of being 
serviceable rather than beautiful; but within the last few years it has been so treated by combination with other 
building stones as to produce very fine architectural effects, as can be seen in the recent buildings of the city and 
suburbs of Cincinnati. (0) 

The quarries in the Cincinnati group of limestones are located near Cincinnati, more on account of the local 
demand for the most accessible stone than for the superior quality. of the material at this point. There are- 
limestones in the river bed whieh are upon the same level as the quarries which produce excellent stone at 
Covington, upon the opposite shore. These beds are overlaid by 250 feet of shales, which are called by Professor Orton 
the ‘‘ Eden shales”; and these in turn are overlaid by the so-called “ Hill Quarry” beds of limestones, from which 
most of the stone used in the county is derived. 

Six quarries of importance are at present in operation at:Cincinnati with exposures of from 40 to 75 feet, of 
which some 10 to 25 feet is distributed throughout the section in layers from 1 inch to 10 inches in thickness. 
Slabs 6 feet long and 6 feet wide can be extracted. 

The lime which is burned from the stones of the Cincinnati group is dark and unfit for plastering, but for 
foundations, etc., it is of especial value, as it possesses some hydraulic capacity. Specifications for cellar walls, 
bridge abutments, etc., in this region always call for Cincinnati lime. 

It is thus seen that the stone is interstratified with beds of shale, which forms from one-fourth to one-third 
of the whole section. In other parts of the series the proportion of stone falls to one-tenth of the thickness of the 
section, the main mass being composed of shale or clay. The stone seldom exists in such condition as to make a 
building stone that can be used in fronts, and it is mainly employed for rough construction, although some of the- 
churches in Cincinnati have been built from it. 

As the dip of the blue-limestone beds is mainly to the north, while the direction of the Ohio valley at Cincinnati 
is toward the south, by proceeding up the river layers of the formation are brought to the surface that are lower 
than any occurring in the river quarries of the city. The Point Pleasant quarries, in Clermont county, are 
consequently situated in a different and lower level, and Professor Orton states that this section furnishes the 
most desirable building stone of the blue-limestone series. It dresses more easily and possesses a better shade 
of color, combined with a general exemption from the weathered seams that disfigure the higher beds. The 
quarries are situated at the water’s edge, and river transportation enables the stone to be brought to the city 
easily. In a church on the corner of Highth and Elm streets, Cincinnati, the appearance of the stone can be seen 
to the best advantage. As the demand for the stone is local, the annual production fluctuates between wide 
limits, and the value of the product has sometimes fallen very low. There is quite a large number of small 
quarries in the neighborhood, each producing from $200 to $300 worth of stone annually. 

The quarries in Butler county, from which are extracted the blue limestones of the Cincinnati group, are 
situated at and near Hamilton. The character of the stone and the method of its occurrence are the same as 
those of the other limestone obtained from this group. A quarry at Hamilton exhibits a section 40 feet thick, of 
which 18 feet are of stone distributed in layers of varying thickness throughout the whole section. The individual 
layers are from 1 inch to 12 inches in thickness, and the heaviest layers are found at the bottom. 

The limestones of the Cincinnati group are all highly fossiliferous, and the number and variety of the forms 
found in them have given to them a geological celebrity. The quarrying operations are constantly bringing 
to light rare and interesting species, but the specimens which were collected and sent to the National Museum: 
as typical. contain a predominating number of fossils of the species Chaetetes, with the shells of brachiopods 
cemented together by limestone. When polished the stones appear very beautiful on account of the diversity and. 
delicacy of these fossil forms, but owing t® the presence of clay in the cementing material the polish is not uniform, 





a Professor Locke in Second Annual Report‘on Geological Survey of Ohio, by W. W. Mather, 1838. 
b Report of the Geological Survey of Ohio, Vol. I, Parti, p. 378. 
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over the whole surface. This does not detract especially from the value of the stone for ornamental purposes, since 
the fossil forms which give the stone its beauty by receiving the highest polish are thereby brought into prominence. 

The fragments of fossils of which the stone so largely consists were apparently first washed together along 
with the clayey limestone and mud which forms the cement, and which fills the interiors of the fossil forms. This 
was apparently solidified into a vesicular rock, and the cavities were subsequently filled with clear crystalline 
calcite. The process of such formation is frequently seen in the Ohio limestones, some of which are porous, and are 
filled with cavities which are but partially filled with new crystalline product. Analyses were made of these 
limestones by Dr. Wormley for the Report on the Geological Survey of Ohio. (a) 

The Point Pleasant rock, which is considered to be the best for building purposes, was by him shown to have 
the following composition : 
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NIAGARA GROUP.—The rocks of the Niagara period occupy that portion of Preble county in which quarries 
are extensively developed. The Niagara limestones in Ohio are very often called the Cliff limestones, because they 
stand in bluffs along the river valleys, and they are more esteemed as building stones than the rocks of the underlying 
Oincinnati group. 

The following sketch by Professor Orton shows the arrangement of the rocks in this county : (bd) 


{ Guelph. 
Niagara group | Springfield stone. 
Clinton limestone } Niagara shales. 
Dayton stone. 


Upper Silurian { 


Lower Silurian, Cincinnati group, Lebanon division. 


The approximate thicknesses of the divisions are about as follows: 
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Of these stones the blue limestone is quarried in the southern part of the county, and was formerly the main 
dependence in that region as a source of lime, but the Cliff limestone was brought subsequently into universal use 
as a substitute. 

The Clinton limestone has been largely in demand for chimney-backs, and has been found especially desirable 
for all those constructions which are exposed to fire or heat. It is an unevenly-bedded stone, often sandy in texture, 
but no quarries are so extensively developed in it as to merit consideration. : 

The stone which is quarried near Eaton is the geological equivalent of the building stone of Springfield and 
Yellow Springs. One of the largest and oldest of the quarries is 3 miles northeast of Eaton; another, 54 miles 
northeast of Eaton, is smaller. A section of the first quarry shows 6 feet of so-called cutting stone at the bottom 
overlaid by 4 feet of a good building stone with 35 feet of drift material upon the top. A number of grades of 
material are quarried, and stone suitable for flaggings and copings, as well as for fine and rough constructions, is 
obtained. 

It is stated that a stone 10 by 12 feet in superficial dimensions has been taken out, and that very much larger 
stones can be obtained. It is principally used for rough building purposes and is sent to Eaton, Ohio, and to 
Richmond, Indiana, by team and by rail. 

These quarries yield an unusually fine quality of flagging stone, the material lying in very even courses of 
suitable thickness. An analysis of the limestone was made for the Ohio survey by Professor Wormley, (c) and 
the composition of the stone is shown to be as follows: 





Calcium Carbonate. < cncge sion corse celeb ee oe ees Calan oe erin sion © amie ei tin Sache oe ee Re Se 49. 75 
Magnesium =, semecesn)e coup aiscie.s eta de laeit emcee Ri Baitbla Git cose ws ewaldcne tie scien meen este eer SE shat ates ae 35. 87 
Alumina and ifOn ORIdO 255 [FL ae nec cc oe katy cea ee te eee = oe ae oo erie ein re ee eee ere eee Crore eee 4, 40 
Siliceous matter: £222. -2fen5 ee hle okt Lee ee oe te Sos ot ee fe ee ee ote ase 9, 40 

Total occ co sete ace cc ee sre bab owes be sce eee ee eee le Bim alan daha. oo ale tore ae ee ee ee ee ene Teeter 99. 42 








a Geology of Ohio, Vol. I, Parti, p. 374. 
b Geological Survey of Ohio, Vol. III, Part i, p.405. 
e Report of the Geological Survey of Ohio, Vol. III, Parti, p. 409. 
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The largest quarries in Preble county are located at New Paris. The building-stone courses are here accessible, 
‘but the production of burned lime is the chief industry, yielding twelve-nineteenths of the gross earnings; the lime 
is distributed mainly to the westward by the railroads leading out of Richmond, Indiana. The quarries produce 
-also flaggings, copings, bridge and building stones—in fact, the material for any construction can be here obtained. 

Immense blocks are said to have been quarried at this place. The chief market for the stone quarried at New 
Paris is in eastern Indiana. The specimens sent to the National Museum from Preble county are all of a drab 
‘color, compact, and rather earthy in appearance, incapable of taking a high polish, and possessing a characteristic 
appearance due to the presence of porphyritic crystals of a clear, glassy nature, and which become very prominent 
upon the smooth or polished surfaces. These glassy crystals are of calcite, and the forms of the fossils which are 
Sometimes seen are filled with the same glassy material. The earthy ground mass, which constitutes the bulk of 
the rock, will not dissolve in dilute acid, and is of a dolomitic character, as is shown by the analyses that have been 
cited. The stones consist of irregular, minute grains, which are closely fitted together with rhombohedral crystals 
of dolomite developed among them. AII of the sections when magnified show very numerous but exceedingly small 
particles of pyrites. This is what probably produced the 4 or 6 inches of sap or discolored rock adjoining the 
natural clefts. 

The limestones quarried at Piqua, Miami county, are from the lowest horizon of the Niagara formation, (a) 
-and are therefore the exact equivalents of the Dayton stone. They are immediately underlaid by the Clinton 
limestones, and the glacial action has plowed away the stones of the Springfield and Covington type which 
‘once overlaid them. The material here extracted is of good quality. The stone lands sometimes bring $2,000 
per acre near Dayton, and their value is indicated by the circumstance that, although the stone is not more than 16 
feet in thickness, it is frequently extracted in places where 20 feet of dirt and drift must be removed from above it. 
The stone belonging to this horizon is usually very strong, specimens having been found to resist a crushing force 
-of 30 tons on a 2-inch cube. The quarries are situated at and directly south of Piqua, upon the west side of the river, 
with the exception of one quarry 24 miles south of the town. The material is sent by rail, canal, and team to the 
neighboring towns and cities of Ohio and Indiana, where it is used mostly for rough building purposes. No 
prominent structures have as yet been constructed from it. The thickness of the strata varies, and it is therefore 
possible to obtain slabs suitable for pavements. Indeed, it is claimed that slabs 20 feet square from some quarries 
are accessible. The town of Piqua is mostly paved with this stone, utilizing for this purpose the poorer and 
inferior layers. The walks would be greatly improved by the use of the better layers. 

In the quarries immediately at Piqua about 24 feet of the lowest layers are heavy and thick, and are used for 
bridge stones. Then follow about 7 feet of building stone, overlaid in one quarry by 1 foot of well stone and 2 
feet of drift, and in the others there are 7 or 8 feet of drift to be removed. Quarries below the town are 
overlaid by 22 feet of drift, the lower portion of which is composed of fragments of broken limestone, of all 
sizes and shapes, piled together with an intermixture of gravel. This stone, like the Dayton stone, is mainly 
‘composed of calcium carbonate, which, it is said, usually constitutes over 90 per cent. of the whole. That it 
varies, however, between quite wide limits is shown by the circumstance that of the two specimens sent on one 
is quite dolomitic, and will dissolve but little in dilute hydrochloric acid. It contains streaks and clear crystalline 
spots, which are of calcium carbonate, and under the microscope in minute structure it is found to contain more or 
less of sharply-defined crystals, which are probably of dolomite. The stone in some of its layers contains more or 
less of pyrites, and is mainly of the variety which is called blue limestone. Some of it will receive a tolerably fair 
polish, and when thus treated it has a prettily-mottled structure, or a gray- and white-banded structure, according 
as the blocks are polished upon a plane parallel or perpendicular to the stratification. 

The Dayton limestone is an evenly-bedded, massive, gray carbonate of lime, which is sparingly charged with 
fossils, and which is quarried from the very lowermost courses of the Niagara formation. It is found in firm, 
heavy courses that are at times 10 feet in thickness, though often very much Jess. So-called cutting stone is obtained 
from these beds. This term “ cutting stone” is generally employed to designate stone which comes out in large 
blocks suitable for steps, platforms, etc. Cutting stone is sharply distinguished from building stones in all the 
‘quarries of western Ohio, and brings several times the price per cubic foot. The thinner and inferior strata serve 
a great diversity of uses. 

Although stone of excellent quality occurs in various portions of Montgomery and Greene counties, the 
market has been thus far largely supplied by the quarries situated in the neighborhood of Dayton. Five quarries 
hhave there been opened in a belt which lies a mile and a half east of the town, whose sections exhibit 5 feet of the 
so-called cutting stone, overlaid by from 10 to 18 feet of drift. They produce all kinds of building stone (graded in 
from three to six grades), which is mainly sent to Dayton and to Cincinnati. The court-house and some of the 
‘churches in Dayton were constructed of this stone. _ 

Another quarry in this same horizon, situated 74 miles north of Dayton, has only 5 feet of drift to be removed ; 
but, on the other hand, the thickness of the stratum of cutting stone is least in this quarry. The court-house at 
Sidney, Ohio, is built of this stone. 








a Geological Survey of Ohio, Vol. II], Part i, p. 468: “Geology of Miami County,” by John Hussey. 
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At a quarry operated 6 miles east of Dayton the deposit consists of 4 feet of cutting stone, overlaid by 6 feet 
of a yellow-colored stone, the whole capped by 9 feet of drift. Two miles farther to the east lies a quarry which 
contains 4 feet of cutting stone overlaid by 3 feet of drift. The last two quarries are in Greene county. 

Quarries have been opened in the same stratum of stone in the neighborhood of Xenia, and these have beer 
widely known and extensively worked. This is in fact one of the three localities to which the contracts for the 
foundations of large works in Cincinnati were formerly confined, the specifications calling for Xenia, Centerville, or 
Dayton stone. This is the easternmost exposure of the last-named stone. The Dayton limestone is a peculiar and 
exceptional member of the great Niagara series in southwestern Ohio. It lies in lenticular masses of comparatively 
small extent, perhaps not more than two or three square miles occurring in any one area. Throughout Montgomery 
and Greene counties the shale, which forms the next succeeding layer of the Niagara formation, has in almost all 
cases been removed by erosion, and thus it happens that the stone is immediately covered with the deposits of 
bowlders, clay, and dirt, as described. The glaciers which have produced this result have polished and striated 
the rocks in many cases. 

The composition of the Dayton limestone is shown from the following analysis, made by Dr. Locke in 1838: (a) 
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The stone from the McDonald quarry, near Xenia, has been analyzed by Professor Wormley, (b) with the 
following result: 
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When examined under the microscope these stones, as illustrated by the samples sent, are found to be composed 
largely of fossil fragments, which are so broken and destroyed as to be unrecognizable to the unaided eye. These 
fragments are united by an extremely fine ground mass, in which here and there a sharply-defined rhombohedral 
form is porphyritically developed. These porphyritic crystals are quite prominent in the stone from the Huffman 
Stone Company’s quarry, near Dayton. A section of this stone was treated with dilute acid, when everything 
dissolved with the greatest facility, with the exception of these porphyritic crystals, which may consequently be 
supposed to be rhombohedrons of dolomite which have developed themselves in the mass of calcite. 

Although stones of such excellent quality are obtained from the Dayton beds, it is necessary to mention that 
stones occur in which pyrites exist in large crystals at least half an inch square. Pyrites is recognizable in the 
thin section of all specimens sent to us, though this ingredient is not so disastrous in a stone of this nature as, it is 
in other more. porous stones, in which the pyrites would not merely be reached much quicker by the decomposing 
agencies, but in which the products of decomposition would more quickly find their way through the cracks and 
crevices of the stone. The material has attained a high reputation. It was used at one time extensively at 
Chicago, and the lowest story of the Chamber of Commerce edifice is built of it. Cincinnati has used it largely, but 
for the last 15 or 20 years it has not been shipped so extensively to these points. . 

Beds of the Dayton limestone are developed in Clinton county. They have been quarried at Wilmington and 
Centerville, but the old quarries which have been reported as in active operation during the census year are situated. 
14 miles southwestward from Lumberton. The quarry consists of 5 feet of stone, which is mostly used for rough 
building purposes, and is overlaid by 2 feet of drift. The material is hard, very compact, and capable even of 
assuming a quite high polish. It is also very noticeable that the rock, which to the unaided eye appears so 
compact and non-fossiliferous, really contains a very great number of fossil fragments. It also contains some 
pyrites, distributed through the mass in the form of very sharply defined cubical crystals, which in the specimens. 
sent are entirely invisible to the unaided eye, and which cannot be called deleterious. There are yellowish spots 
and streaks in some of the layers, but this appears to result from the inclusion of clayey material rather than 
from the oxidation of the iron sulphide. The stone from this quarry finds its market principally in Clinton and 
Fayette counties. 

The rocks in Clarke county (c) are like those found in Montgomery and Greene counties, but the important 
quarrying operations are all carried on in the upper beds of the Niagara formation, which are typically developed 


a Report of Progress upon the Geological Survey of Ohio, 1869, p. 152. 
b Geological Survey of Ohie, Vol. II, Part i, p. 669. 
¢ Geological Survey of Ohio, Vol. I, Part i, p.450: ‘Geology of Clarke County”, by Edward Orton. 
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at and about Springfield. These beds are of particular value, as they possess a greater thickness than any one of 
the underlying formations in the county, and cover a much wider area. In the same quarries building stones of 
excellent quality are combined with material that is converted into peculiarly excellent lime. The accompanying 
section of the rocks at Springfield indicates the relationship of the beds. 

The underlying shale occupies the position of the limestone which is quarried so extensively at Dayton and at 
Piqua. The overlying beds of building stone have given the name to the so-called Springfield division of the 
Niagara, and the less compact layers of the overlying so-called Guelph formation are broken up and burned. 

The Springfield building stone is a carbonate of lime and magnesia, containing only small percentages of silica 
and alumina. Its usual color is a light drab, although blue and yellow courses occur. The light-colored stone 
sometimes is defaced by faint reddish streaks which are caused by the presence of iron oxide, and which render the 
stone unfit for some of the finer uses. The thickness of this deposit of building stone is not more than 20 feet, and 
is usually less. The lowest courses are blue in color, and although massive in appearance, they sometimes prove 
treacherous as building stones, for they are liable to lose their dressed surfaces, while their seams widen and they 
undergo a slow disintegration. The walls of the jail in Springfield furnish an illustration of these characteristics. 
The drab courses are almost all of durable building stone, and furnish an invaluable supply of building material 
for Springfield and the adjacent country. 

The difference between the blue and the yellow courses in most of the limestones of Ohio appears to depend 
upon whether the iron exists as pyrites or as oxide of iron. The pyrites existing in a fine state of subdivision 
appears black even under the microscope, and the blue color of the stones apparently disappears with the oxidation 
of the pyrites. This furnishes an illustration of the circumstance that stones are often improved by decompositions 
which take place inside the beds, for if their value is not thereby destroyed there is much less danger of a 
disintegration by a decomposition of the quarried stones. 

From quarries within 14 miles west of Springfield the material for the culverts in the state road were obtained, 
and the material for the bridge at Marysville and for the Masonic hall at Urbana. These quarries are known as the 
old state quarries, because the material was used in many constructions on the state road. The quarries are large, 
but the stene from them is used chiefly in building cellar walls, foundations, and other rough work of a similar 
nature. 

Two miles west of Springfield are situated four quarries which furnish similar stone, that is used in Springfield, 
Dayton, Urbana, London, and Marysville. In all of them the cap-rocks are burned into lime, and the larger portion 
of the profits results from its sale. 

In all cases it is the overlying Guelph beds which are burned, as the courses of building stones contain a 
considerable percentage of silica and alumina, and cannot be bon vertad into good lime, although some of this 
material makes a fair cement. The lime product of these quarries finds its way in small quantities as far as New 
Orleans. It is mild, cool, and strong, and also very white. There is no trouble in laying seven bricks with one 
spreading of mortar, and skillful workmen can lay twelve bricks with one spreading. The superior quality of this 
lime is worthy of note, since it is ordinarily considered that the value of lime is diminished by the presence of 
magnesia. 

The composition of the Springfield limestones is shown by the following analyses of the middle and upper beds 
in Mr. Frey’s quarries near Springfield. These analyses were made by Professor Wormley for the Report on 
the Geological Survey of Ohio: (a) 
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Tt is thus seen that the rocks are very nearly typical dolomites. They vary somewhat in composition, but not 
so as to at all influence their value as building stones. They possess an open and porous structure, and are 
incapable of assuming a polish or being used for ornamental purposes. In their microscopic structure they are seen 
to be of the crystalline granular type, the fossiliferous character being obliterated from the microscopic structure, 
although fossils are not rare in the rock. 

The Yellow Springs quarries produce a magnesian limestone which is very easily worked, and the larger part of 
which is durable. These quarries are upon the same horizon as the Springfield quarries, and produce stone of the 
samenature. The courses vary in thickness from 4 to 14 inches, and some of them answer very well for cutting stone. 
The same qualified commendation can be given to them for flagging, but the quarries have not been extensively 
developed with the end in view of producing this material. For general masonry the stone has proved very 
serviceable, and for economy is not surpassed by any stone in the state. ‘There are two colors, which are obtained 

.from different courses, and which are denominated as blue and drab; the blue courses weather to drab in exposed 


a Geological Survey of Ohio, Vol. I, Parti, p. 474, 
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places, but it is not certain that all of the drab beds have been made by oxidation of blue layers. The blue beds. 
sometimes prove treacherous, and even the firm and massive appearance of the stone furnishes no safe guide in 
judging of its power to withstand the atmosphere. By far the larger portion, however, is excellent in this respect,. 
and the drab courses are almost without exception satisfactory. 

Three-quarters of the gross earnings of these quarries are, on an average, obtained from the sale of lime, sent 
to market under the name of the Springfield lime, which is the standard for southwestern Ohio. 

A section of the quarry shows at the bottom some layers of building and cutting stone, above which is a 10-foot 
bed of solid limestone containing pentamerous fossils, and above are 18 feet of the ‘ shelly” limestone, which is. 
burned. The principal quarry at this place produces stone for bridges, steps, and sills, which are principally used 
in the vicinity of Yellow Springs. The composition of the stone from this quarry is indicated by the following: 
analysis by Professor Wormley : (a) 
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The quarries in Miami county resemble those at Springfield, and are located in the same geological stratum.. 
They are rendered valuable by the circumstance that for 50 miles in some directions there is no other developed 
quarry. To the northeast, north, and northwest the region is heavily buried under beds of drift, and consequently 
building stones are inaccessible. The material from the Covington quarries is distributed, therefore, very widely. 
The stripping is light, the drainage easy, the quantity and quality of the stone are both excellent, and great 
variety exists in the thickness of the various strata. 

The Covington stone is chiefly used for building and bridge construction, and it is mostly consumed in. 
Covington, Ohio, and Winchester and Marion, Indiana. Some bridges on the Pan-Handle railroad have been 
constructed from this material. At the town of Covington there are six quarries in active operation, as indicated 
by the table. Some of these must soon be given up, for they lie within the city limits, and houses are being now 
constructed in their immediate neighborhood. 

The material resembles that which is quarried at Springfield in being porous and easily cut. Of the specimens. 
sent to the museum one was blue and one yellow, and upon examination it was found that they differed not 
merely in the circumstance already mentioned, in that the blue layers contain unoxidized pyrites and the other’ 
hydrous iron oxide, but the blue specimen was a dolomite which would not effervesce in acids, while the yellow 
specimen was much more calcareous. In microscopic properties this stone presents no peculiarities. It belongs to: 
what we have designated as the porphyritic type; that is, it;contains rhombohedral crystals of dolomite developed 
in a mass of formless grains of calcite. 

In Shelby county the upper portion of the Niagara formation is developed, and several quarries have been 
opened, the products of which are almost entirely burned into lime. Building stones can be there obtained at any 
time and in any quantity desired. 

Hancock county is occupied by rocks of the Niagara and Helderberg periods, and although the Niagara rocks. 
which from here extend in a narrow strip northward to lake Erie appear to be separated from that great area of 
Niagara rocks in which the Springfield and Dayton quarries are situated; they probably extend beneath the- 
Helderberg rocks that intervene and form a portion of the same deposit. The rocks quarried at Findlay possess. 
characters almost identical with those of the Springfield stones. ‘They possess a rather porous and open structure,. 
are drab in color, and occur in courses from 3 to 12 inches in thickness. The stone is strong and durable, and none. 
of it has as yet shown any bad effects from exposure to moisture or frost. It is rather hard to dress, and stone- 
workers call it “plucky”. The horizontal surfaces are generally roughened by small angular prominences which 
fit into corresponding depressions in the superimposed layer, forming the structure which is known as “suture” 
jointings. The dip here is very slight, and the top course in all of the Findlay quarries is evenly bedded and about 
1 foot thick. The “seams” (open joints) are from 25 to 100 feet apart, and those joints usually run at right angles 
to these seams at greater or less intervals. For this reason, if the quarry is stripped over a sufficient space, the 
rock can be obtained without blasting. The material from these quarries is used for foundations of buildings and 
tor bridge abutments in the county, and last year some was shipped to Seneca and Allen counties. 

In composition the stone from the Findlay quarries is dolomitic and possesses the characters of the upper 
Niagara beds. In microscopic structure it is beautifully crystalline, the whole mass of the rock being made up of 
an aggregate of more or less well-defined rhombohedral crystals. 

it appears that blocks much larger than can possibly be required are obtainable here, and that the material, 
although at present used only for rough construction, could be safely applied as a building stone. Although the 
present quarries have been opened quite recently along the same streams upon which these are situated, and 
within a short distance of them, quarries have been in operation for more than twenty years. 
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HELDERBERG.—The Helderberg formation is exposed in a narrow strip (a) upon the boundaries of Highland and 
Ross counties, and indeed more stone is taken from the quarries at Greenfield than from any others in the Helderberg 
formation of Ohio. The stone is regular in its bedding, and, therefore, curbings and crossings of excellent quality are 
easily extracted. In the Cincinnati market it is largely employed for these purposes. Slabs 3 or 4 inches thick, 
with a superficial area of 4 feet, can be obtained with surfaces as smooth and regular as if sawed. These stones can 
be used for door-steps and like purposes without any dressing. The courses are never heavy, seldom exceeding 14 
inches, and usually ranging between 4 and 8 inches in thickness. The stone is exceedingly strong, 2-inch cubes 
having been found to stand a pressure of over 50,000 pounds. The quarries produce no waste material, and their 
spalls are saved to be burned into lime of fair quality. Perpetual kilns are set upon the edge of the Greenfield 
quarries, the floors of which are kept clean and free from accumulations of refuse of any kind, and the lime produced 
is similar to that obtained from the Niagara formations, but it possesses in some degree hydraulic properties which 
make it especially adaptable for outside work. 

The stone produced is drab in color when first raised, but upon exposure it generally acquires a yellowish- 
brown shade. It is ordinarily used only for the rougher purposes of construction and for flaggings and curbings,,. 
but, by proper selection and skillful dressing, stone can be obtained from the quarries that produce a good 
architectural effect. Without such an exercise of taste and judgment, the stone does not appear well, owing to its. 
monotonous gray color, which contrasts unpleasantly with the white lines of mortar. On the other hand, its regular 
bedding renders it peculiarly suitable for ordinary purposes, as it can be laid upon its even bed surfaces easily, 
and therefore can be worked with facility and economy. The stone finds its principal market in Cincinnati. 

It will be noticed that of the large quarries which supply the Cincinnati market but one is in Highland county. 
The other is situated in the town of Greenfield, in Ross county. In the Highland County quarry one-twentieth of 
the profit results from the sale of lime, but in the Ross County quarry more than one-half is burned. 

In the Ross County quarry the section shows 42 feet of stone disposed in layers, all of which are available. 
The quarry is capped by 10 feet of drift material, which constitutes all of the stripping. The Highland County 
quarry shows 35 feet of stone of a like character overlaid by 6 feet of drift. 

The stone in the main is non-fossiliferous, but upon the surfaces of a few layers there are found the forms of 
the Leperdita alta, which is a characteristic fossil of the Helderberg formation. A layer of concretions from 1 inch to 
3 inches in diameter is found in the upper part of the section, ahd short cylindrical columns which fall out, leaving 
cylindrical cavities in the stone 3 or 4 inches in diameter, occur in considerable numbers, and which are supposed 
- to be due to the effects of pressure. 

Nodules of zinc-blende are not uncommon in the Greenfield stone, and the fossil corals are sometimes composed 
of silica, which also is distributed through some of the stone in bands that separate the layers. 
In composition the stone is nearly a typical dolomite, as is indicated by the following analysis: (b) 
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When examined under the microscope the whole stone shows the characteristic crystalline granular structure 
of the Helderberg formation. There are streaks of iron oxide and carbonaceous matter which proceed in regular 
wavy lines through the sections, and these bituminous substances are what give to the stone the strong fetid odor 
which is produced by striking or cutting it. The quality of the lime produced is another evidence that magnesian 
limestones may be converted into lime of excellent quality. 

Quarry operations have been carried on at Greenfield since the first settlement of the country to satisfy the 
local demand, but in recent times the business has been greatly enlarged for the more distant markets along the 
line of the railroads, and especially for the Cincinnati demand. The supply of stone is practically inexhaustible. 

In the southern and western part of Champaign county the Helderberg or Water-lime rocks have been quarried 
- in numerous places; formerly a quarry at Salem supplied most of the local demand, and the building and flagging 
stones used in Urbana were obtained there until the sandstone of Berea superseded them. The stone obtained in 
the neighborhood of Urbana is of indifferent quality for building purposes, but here it is found in a drift-covered 
region in an area which for 25 or 30 miles in each direction is devoid of stone. Only about 14 feet of the upper 
strata have been much quarried. The floor has been sunk to a greater depth, and the stone from the lower courses 
is proving itself to be a valuable building stone for rougher work. There is no so-called cutting stone in the quarry, 
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and the accompanying section will give an idea of the method in which the strata of the Helderberg are arranged 
at this point. It will be noticed that there is much greater diversity as regards stratification than is shown in the 
Greenfield quarries. 

The specimen sent to the National Museum is'a light drab stone, somewhat streaked with red. Its material is 
of the same character as that of the other Helderberg stones—that is, a dolomite with a fine, crystalline, microscopic 
structure, and which emits a bituminous odor when struck with a hammer, although the odor is not so strong as in 
the case of some other Helderberg rocks. 

Allen county is almost entirely covered by limestones of the Water-lime or Helderberg formation, (a) and all 
of the quarries that have been considered worthy of note extract stone from these beds that is used for the more 
ordinary building purposes and for foundations and underpinnings. The upper beds of the Niagara formation occur 
in the southeastern corner of the county, and a few quarries were once opened in those rocks, but the building 
material that was extracted was inferior, and the production of quicklime from them was not profitable. 

Although the building stone obtained from the Helderberg is, as a rule, not of excellent quality, still, as it is 
the only accessible material, it is of much value. 

The stone quarried directly in Lima is an inferior building stone, and is seldom used for foundations above 
ground, but is in demand for the underground portions of foundations. The quarry is worked more to obtain 
stone for macadamizing than for any other purpose. It occurs in thin layers, and a block 6 inches thick is 
seldom obtained. This thinly-bedded character renders it spencer as a flagging stone; the bedding, however, 
is uneven. 

The material obtained from this quarry is a dark gray AONE! which is quite porous in its character; it 
dissolves in hot acid with very little residue, and the solution is found to contain only traces of iron oxide, which 
the microscope provés to exist in the state of pyrites. The polishing of a face upon this stone renders its 
fossiliferous character very prominent, which is not common in the rocks of this formation. The stone is very 
bituminous and gives forth a foul odor when struck with the hammer. 

A quarry 4 miles north of Lima is said to produce some material of a much better quality. It is situated near 
the Dayton and Michigan railroad, but a side track could not be constructed to it without considerable expense 
on account of the heavy grading ee would be necessary. Some of the courses are over 1 foot thick, and some 
from 4 to 6 inches thick have been used for sidewalk paving in front of the Lima machine works, where it gives 
indication of both strength and durability. The following is a section of the strata in the quarry: 
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There is no natural drainage below the paving stone, and for this reason the underlying blue-stone has not 
been extensively quarried. According to the testimony of all builders and contractors the stone in the bottom 
of this quarry is the best building material found within a radius of at least 30 miles. The shaly rock which 
overlies the blue-stone forms good material for the macadamizing of roads. The material above the paving stone, 
which is used for foundations, occurs in thin beds which are never more than 3 inches in thickness. 

The specimen which was sent from this quarry was taken from the lower or “ blue-stone” layers; it has a dark 
gray color, finely banded with yet darker lines, and much more compact than most of the stones sent from the quarries 
in the Helderberg. Indeed, no pores or cavities were found in it, and its texture was such that it admitted of a 
fair polish, as indeed do most of the Helderberg limestones. The stone from this quarry is a dolomite, but on being 
dissolved in hot acid quite a large residue of argillaceous character is left undissolved, and it contains bituminous 
substances which impart to it the character of a fetid limestone. It contains little or no iron. 

A quarry is situated 54 miles northeast of Lima, and the following section indicates its character and the 
uses to which the stone is applied : 
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As in the case of the preceding quarry, the thickness of the stratum of the gray building andes is as yet 
undetermined. It occurs in courses from 3 to 6 inches thick. The upper 3 feet of stone, which is used for 
the purpose of macadamizing, is extracted with neither profit nor loss. The material is a more or less porous 
dolomite of a gray color, mottled and streaked with black, which is due to the arrangement of the bituminous 
substances contained in the stone. Of the two specimens sent to the National Museum, one was polished upon a 
surface parailel with the stratification, and this treatment developed a beautiful structure, due to the presence of 
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a fossil bryozoan, which filled the layer that was cut. Thus the presence of a fossil in abundance was demonstrated 
although the rough stone gave no indication of a fossiliferous character. This stone and the one previously 
described from Lima are the only stones of a fossiliferous character which were sent to the Museum, and which 
were obtained from the Helderberg formation. 

These stones are thus most markedly contrasted with those from the Niagara, which are almost all fossiliferous, 
as is indicated by microscopic examination, which very often renders the forms evident when they are invisible to 
the naked eye. 

In the eastern part of the township of Bluffton the quarries are better adapted to supplying flagging than 
building stone, since the thickness of the strata usually varies from 1 inch to 3 inches. When properly laid down 
these slabs make a very durable paving material for sidewalks, cellar bottoms, etc. They are very hard, but break 
quite easily into any required shape. The stone is dark-colored and of the same character as those previously 
described. Its color is imparted to it by bituminous substances, and the dark streaks with which it is filled are very 
irregular, so that a pattern not at all unattractive to the eye is developed upon the smooth or polished surfaces of the 
blocks, and when dressed in the usual way and laid with white mortar they make a beautiful wall for smaller buildings. 
Such large blocks have been moved as to insure the possibility of obtaining blocks as large as might be desired. 

Although the quarries described have been recently opened, the stone has been quarried in the immediate 
neighborhood for fifteen years. 

Scott’s Crossing is situated 4 miles east of Delphos, on the Pittsburgh, Fort Wayne, and Chicago railroad. A 
quarry at this place produced a drab-colored limestone, which occurs in courses from 3 to 11 inches thick, and which 
serves very well for foundations. Samples which have been in walls for over fifty years show no signs of decay. 
The quarry is situated in the bed of the Auglaize river, and is not worked early in the spring nor late in the fall, 
when the water is high. A slight dam is built about the quarry, which is washed out every winter, and in addition 
heavy rains in the summer frequently destroy the works. No more permanent dam is built, since the site of the 
quarry is often changed, and no excavation has been made in the vicinity to exceed 6 feet in depth. The material 
is mostly used in the vicinity for bridge abutments and at Delphos for foundations for buildings. It has been sent, 
to a limited extent, into Mercer county, over the Toledo, Delphos, and Birmingham railroad, to localities where the 
Piqua stone is not so readily sent. ‘Ten inches of coarse sand, gravel, and other river deposits cover the stone, and 
about 18 inches of the cap-rock is used upon the public highways. This is one of the best building stones quarried in 
Allen county for the purposes to which it is applied. 

Van Wert county is covered in its northwestern part by the Niagara beds. The Helderberg limestone underlies 
the rest of the county, but only a few exposures of the rock of either kind are known, as the whole region is mostly 
covered by drift. (a) ‘The county is entirely agricultural, and the stones where quarried furnish materials that are 
used only for foundations in that neighborhood or burned for lime. The lime-kilns at Straughn have caused the 
most extensive quarrying operations, and the Helderberg stones there extracted are said to burn easily and 
cheaply to a beautiful white lime. The Van Wert quarry, which is the only one reported as producing any 
considerable amount of building material, also produces quicklime; and during the last census year the value of 
the lime produced was about equal to that of the building stone. The Van Wert stone is a light gray dolomite, 
which is found in courses from 3 to 7 inches thick. The material thus far has given evidence of being a good 
building stone. Openings have been made in the limestone at several other points in the county; for example, on 
the Little Auglaize, in the nertheastern part of the county, a stone very much like the Bluffton limestone has been _ 
quarried to a small extent for the Delphos market. In the northwestern part of the county some building stone is 
said to have been obtained in much thicker courses than in any other part. 

A very light gray limestone has been quarried at Charloe, on the Auglaize river, in Paulding county, which 
belongs to the Corniferous formation. This Paulding limestone is a soft stone which occurs in courses about 3 feet 
thick. It has been sawed, and was used in the foundation of the court-house and also in that of the Russel House 
at Defiance, where it has suffered from the action of moisture and frost. As other specimens of the same stone 
do not show this disintegration, its defective character is very likely due to the circumstance that it was quarried 
too late in the season. A blue limestone is also quarried about 5 miles farther: down the river from Charloe, 
which occurs in courses from’6 to 18 inches thick, and has been used for the construction of locks on the Miami and 
Erie canal. It is not durable when exposed to atmospheric action, and the quarries have been abandoned. The 
demand for the material has been destroyed by the introduction of the White House stone from the north and the 
Piqua stone from the south. 

Tiffin is situated exactly upon the boundary between the Niagara and the Helderberg rocks, in Seneca county, 
and its quarries, although producing only Helderberg rocks, show at some times at their bases exposures of the 
underlying Niagara limestones. These quarries are located onthe eastern side of the ridge known as the Cincinnati 
axis, and the characteristics of the rocks are much the same as those in the quarries on the western side of the 
anticlinal in the Helderberg formation; but the stones at Tiffin are more massive, and are therefore more suitable 
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for heavy construction. The courses are often 26 inches in thickness, and the stones produced are used largely 
for foundations and bridge work. The product of quicklime from these quarries is also large. 

The stone is light drab in color; it is bituminous, and gives forth a strong odor when nae but this 
characteristic is not so marked as in the dark-colored varieties. The principal market for all three of the quarries 
situated in Tiffin is furnished by the immediate neighborhood. Beside the quarries in the table there are several 
smaller ones which are worked in the vicinity of the town, and which produce the same kind of material in less 
amount. | 

A short distance west of Fremont several quarries have been opened in the strata of the Water-lime or 
Helderberg formation. 

The only quarry at this point of sufficient importance on account of its production of Bandi stone is situated 
one mile to the west of Fremont, and in this the value of the lime which was produced from the quarry during the 
census year was ten times that of the building stone. The strata suitable for building purposes are from 1 foot to 
10 feet in thickness, and the material which does not make an excellent quicklime is comparatively small. Asa 
building stone the material is superior to much of that used in counties to the southwest, although not equal to 
the Sandusky and Marblehead limestones. It is of a light drab color, full of small cavities, and works very easily, 
and some of it is soft and pure enough to be sawed. The stripping issold for macadamizing. It presents the usual 
microscopic characteristics of the Helderberg rocks, and it dissolves in hot acid, leaving a very slight residue. 
The qualitative analysis indicates that it is composed of remarkably pure dolomite. 

CoRNIFEROUS.—Quite a variety of stone is found in the neighborhood of Columbus, for although Franklin 
county is flat it has a number of geological formations within its limits. To the east lie the Waverly sandstones 
and the Huron shale, but the limestones of the Corniferous, which lie to the west of Columbus, are by far the most 
important from an economic standpoint. Thick and heavy layers of stone exist among the strata. From the 
different layers material suitable for the most diverse uses can be obtained, good quicklime can be made, and 
being in part a very pure carbonate of lime the stone is desirable as a flux for smelting iron ores. Of late it has been 
very extensively applied to the latter purpose, especially in the Hocking Valley region. The quarries are all situated 
a few miles to the west of Columbus, and have been operated for a long time. Some which have been the most 
important, for instance the state quarries, from which the material for the state-house and for the walls of the 
state-prison was extracted, are no longer worked, but all of the quarries mentioned in these tables are immediately 
about the old quarries and extract the same material. While the state-house was in process of construction, and 
stone of the best quality was in demand, the Corniferous limestone was worked to a greater depth than it is at 
present, for the finest quality of stone is found in the lower layers. At present the production of building stone is 
subordinate to the production of lime and flux. 

The Columbus limestone is dense, compact, and strong. There are 12 feet of the upper courses in the present 
quarries that average 93 per cent. of carbonate of lime, and frequently the percentage rises to 95 or 96, while, on 
the other hand, there are localities where the Corniferous limestone becomes nearly a typical dolomite, as at 
Bellefontaine. The stone is fossiliferous, but the fossils are very firmly cemented and do not appear to weather 
out; in some cases, indeed, the fossil appears to be firmer than its surrounding stone. In microscopic structure 
the stone bears the appearance of a fragmental stone, being composed almost entirely of fragments of fossils. In 
the finer ground mass very perfect little rhombohedrons of dolomite are developed, which in number are apparently 
disproportionate to the amount of magnesia contained in the stone. Many of the fossils have apparently retained 
their primitive condition, but others have been dissolved away and the forms filled with crystalline calcite; and 
this will perhaps explain the different behavior of the fossils in weathering. The stone is somewhat bituminous. 
in character, as evinced by the odor emitted when struck. Its gray color is pleasing to the eye; it works easily, and 
will even assume a good polish. 

Dynamite is used as an explosive to alarge extent, any desired number of charges being exploded simultaneously 
by means of electricity. 

Although the common stone for foundations and underpinnings used in Columbus is obtained from the quarries, 
still, during the census year, no great amount of building stone was extracted, and no important structures were 
built from the material. The quarries can at any time be operated much more extensively, and will produce a 
superior quality of stone for fine construction. 

In the eastern half of Logan county a large island of Corniferous limestone occurs, the center of which is 
covered with shales, but all around the edges small quarries have been opened for the purpose of obtaining stone 
both for building purposes and for lime. (a) 

At the present time the only quarries of special importance that are located in this district are those which are 
situated a short distance to the northwest of Bellefontaine, and the material which they produce is used chiefly for 
rough work. Although capable of producing excellent building material, the more important stone structures in 
the neighborhood have been built of materials brought from a greater distance. The quarry operations are carried 
on in a quite primitive manner, and at present the lower strata in one quarry are inaccessible, since no means of 
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drainage have been supplied, and the quarry is filled with water to a depth of from 12 to 15 feet. The top Jayers 
of the stone are being extracted, although the lower layers are best suited for purposes of construction. 
The quarry of Angel, Miller & Co., situated a half mile west of Bellefontaine, exhibits the following section: 
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Occasionally some lime is burned at this quarry, although its amount is small and its quality inferior. 

The material that is at present produced by these quarries is a typical dolomite, and in microscopic structure 
consists of a perfect mass of sharply defined large rhombohedral crystals of dolomite cemented together by a mass 
of minute little crystals of the same form and composition. In many places the crystals are only attached at their 
corners, leaving angular interspaces, and this accounts for the avidity with which water is absorbed by this stone. 
The fossiliferous character, if any originally existed, has been entirely obliterated. In color it is light gray, and it 
works easily and safely. Its microscopic structure is illustrated upon the plate at the end of the chapter. 

The first quarry in Marion county was opened in 1825 in what is known as the Marion limestone. Ten acres 
only are considered as belonging to the quarry. It is situated in the southeastern part of the town of Marion, and is 
the farthest south of any quarry in the neighborhood producing good building stone. A gray stone occurs about 
12 or 14 feet below the surface, and is probably underlaid by blue-stone, but as the gray is considered the best 
the lower courses have not been opened. 

Other quarries are located in the northeastern part of the town which extract material for building and quicklime. 
The largest quarries are, however, operated on the Columbus and Toledo railroad, one mile north of Marion. The 
stone is considered very strong and durable. The average thickness of the rocks extracted is not more than 8 
inches, although blocks 12 and even 15 inches thick are sometimes obtained. There is no difficulty in extracting 
blocks of any required dimensions in the bed for all ordinary purposes of construction. The stone is easily quarried, 
being lifted with bars and broken with sledges, no blasting operations being necessary except to make an opening 
in the floor of the quarry for deeper workings. 

The material is chiefly used for foundations and bridge work, and was largely employed in the construction of 
the depots and shops of the Columbus and Hocking Valley railroad. Itis commonly called blue limestone, although 
the color differs at different horizons, and the layers also vary in texture and hardness, each layer, however, being 
homogeneous. The stone is usually quite fine in grain and rather hard. The following may be regarded as a 
typical section representing this and all other quarries in the neighborhood of Marion: 
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The overlying blue-stone is found in blocks from the exterior of which a gray color penetrates to a variable depth 
from the natural joints. It is liable to contain flinty nodules, from which the underlying gray-stone is almost entirely 
free. The blue-stone in the bottom of the quarry is free from this gray covering ; but the intermediate stone, which is 
all gray, is considered the best material. 

In these quarries the gray-stone is found near the top, but in the other quarries reported from this township, 
being about 14 miles to the southeast of these, and.in the direction of the dip of the strata, this gray layer is not 
struck until a depth of from 12 to 16 feet from the surface is obtained. A very large amount of the cap-rock has 
been used for macadamizing streets and for ballast on the Columbus and Toledo railroad. The quarries in this 
township furnish the greater part of the stone used in the northern part of Union county and in quite a large 
portion of Hardin county. 

The material quarried at Marion is dolomite, containing some calcite. When microscopically examined it 
is found to consist of a multitude of perfect little rhombohedral crystals, each one of which contains a little black 
bituminous substance accumulated in its center, and all are cemented together by the calcite, which, although 
crystalline, does not assume a definite outline. The rock, when treated with cold and dilute acid, effervesces for a 
while, and the residue when examined is found to consist of a multitude of perfect and beautiful little rhombohedrons. 
The Marion stone has been selected for representation in the plate of microscopic sections, and some further remarks 
concerning its chemical composition and structure will be found in the general remarks that close this chapter. 

At Owen’s station, in the southern part of the county, there is a quarry in the Corniferous limestone from which 
over 9,000 tons of lime and broken stone were shipped during the census year. 

Six miles northeast of Marion,in the township of Grand Rapids, the same limestone is worked quite extensively. 
A ridge occurs at this point in which a number of quarries are located. 

Crawford county is well supplied with building material. The limestones are quite well adapted for construction 
of foundations, but they are not at the present time extensively quarried owing to a number of causes. There are 
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no great demands for stone in this agricultural region, and the home resources are thrown into competition 
with the Berea grit, which is quite extensively quarried at Leesville, in the southeastern part of the county. In 
Holmes township, about 6 miles northwest of Bucyrus, and near the Ohio Central railroad, three quarries are at 
present worked in the Corniferous limestone. The material has much the appearance of ine Marion limestone, 
but, while it may be of the same quality, the courses are generally thinner and not so well bedded. 

In Lykins township the same limestone is also quarried to some extent. The material from all these quarries 
has been used for bridge building and for foundations, but it is more and more displaced by the Leesville sandstone, 
especially for bridge-building purposes. 

A large quantity of quicklime has been produced here which has been shipped from Nevada, in Wyandot county, 
by the Pittsburgh, Fort Wayne, and Chicago railroad. 

For building purposes the limestone which is quarried from the Corniferous formation at Bloomville, Seneca 
county, has a higher reputation than the Helderberg limestones, and indeed it is said that these quarries produce 
one of the best limestones in northwestern Ohio. The material has been quite extensively used in Tiffin for 
many years for trimmings and stone fronts, and also for general building purposes in Mansfield and in the 
surrounding country. Good material for flagging, bridges, and foundations is quarried, and a slab 25 feet square 
might be obtained. It has already displaced in a measure at Mansfield the sandstones which are quarried in that 
vicinity. , 

The specimens sent to the museum are of an attractive gray color and are highly fossiliferous. Some fossils 
have apparently been entirely removed at some period and their places subsequently supplied with a clear crystalline 
calcite, and some of the fossil forms are therefore strikingly apparent upon polishing the surface of the stone. 

Under the microscope the stone is found to consist of a grand aggregate of fossil fragments, among which here 
and there the rhombohedron crystals of dolomite are developed in much perfection. The number of these 
rhombohedral crystals is, as usual, proportionate to the amount of magnesia in the rock, which in this case is about 
16 per cent. 

The limestone industry in and about Sandusky is one of the most extensive in the state. This is partly due 
to the abundant and excellent supply of building stone furnished by the Corniferous strata of this region, and 
partly to the facilities for transportation by water and by rail. The city of Sandusky is founded upon a ledge of 
limestone, and excavation of any kind necessitates quarrying operations. In early days the stone thus extracted 
was the cheapest building material accessible, and came to be used very extensively. As a result the use of stone 
is more general there than in any other Ohio town. 

At Sandusky the upper layers of the Corniferous formation are composed of a blue limestone of a thickness 
from 20 to 25 feet. This is underlaid by the white Sandusky limestone, which is found in thicker courses, cuts 
easier, and is capable of making a better lime; but at Sandusky this stratum, which is also from 20 to 25 feet in 
thickness, lies beneath the level of the lake, and is not readily accessible. The dip of the strata is, however, away 
from the water, and consequently this layer of white limestone is brought to the surface at Marblehead and on 
Kelley’s island, as is shown in a number of quarries. The largest quarries are situated at these points. Sandusky 
itself, owing to the circumstances mentioned, possesses quite a large number of quarries, and the city itself constitutes 
in fact a great limestone quarry covered with but a very shallow layer of soil or earth. These city quarries have 
been worked very largely for home and foreign supply, not less than 12 acres having been excavated to a depth of 
8 feet. The Sandusky blue limestone is found in layers of convenient thickness, and the range work furnished by 
it presents an attractive appearance. The courses vary between 4 and 10 inches in thickness, and the material is 
used largely for flaggings, although not very well adapted for this purpose. It is laid in slabs from 4 to 8 feet square, 
which are not very smooth or regular until they become polished by wear, and then they are dangerously smooth. For 
construction purposes the stone has proven very durable, and the best foundations cam be secured at small expense 
if made from this stone. It is also used for macadamizing the streets, and recently it has been found that a 
foundation of the Sandusky blue limestone can be advantageously overlaid by a thin coat of the white limestone 
which binds and cements the road-bed, 

All of the quarries which in the tables are indicated as existing in the corporate limits of Sandusie are 
essentially one, as they produce the same material, and only ina single case has a quarry been sunk to the level of 
the underlying white limestone. About one hundred and eighty houses in the city have been constructed of 
this stone. The specimens sent to the National Museum from various quarries are identical in their minutes 
structures. They are bluish-gray in color, compact, and present a fineappearance, however dressed. Although they 
effervesce rapidly in acid, they are quite magnesian, and under the microscope they are seen to consist of fossil 
fragments, among which a multitude of little rhombohedral crystals are developed. In the center of each one of 
these rhombohedrons is a black spot, which, upon close examination, is found to consist of pyrites. Sometimes, 
instead of a single spot, there is a large number of dust-like particles, which give to the stone a very marked and 
characteristic appearance. These are so numerous that it can scarcely be doubted that they impart the characteristic 
color to the stone. That they are situated, however, in the exact center of compact crystalline material cannot but 
have an influence in protecting them from disiategration, and there is no evidence that the presence of this 
ingredient has proved deleterious to the stone. 
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The white underlying limestone is what is called a cutting stone, and can be raised in blocks as large as can be 
handled. It is more highly fossiliferous to the unaided eye than the blue limestone, but under a microscope it is 
less so, and there is a much larger number of the rhombohedral crystals which correspond to its more magnesian 
character. 

At point Marblehead the limestone quarries are all located in a terrace lying a few rods from the beach, 
where the thickness of the formation quarried is from 15 to 25 feet. Already 20 acres, as estimated, have been 
excavated to this depth. 

These quarries are among the most famous of northern Ohio, and their location directly on the shores of lake 
Erie, and the heavy stones that some of them produce, have led to very large use of the stone, especially in the 
government works along the line of the great lakes. Latterly they are losing their place as building stones to 
some extent, but the production of lime has increased. Some quarries have been worked for at least fifty years. 
In these quarries the lower 6 or 8 feet are cemented into one solid sheet from which the large dimension stones 
‘for which the location is famous are extracted. It is from these quarries that a large part of the heavy stone 
used in the Sault Ste. Marie canal, in the northern light-houses, and in other government works has been derived. 
Many of the most important public and private structures in the region of the great lake were built of the 
Marblehead stone. The Detroit and the Cleveland water-works, the light-houses at Spectacle reef, Marblehead 
(built over fifty years ago), and Stanard’s Rock, lake Superior, were all wholly or partly built of this material. It 
is particularly valuable in situations where it is exposed to the action of water or frost, as is shown by the condition 
of the old locks of the Sault Ste. Marie Falls canal and the light-houses in exposed situations. 

The material from these quarries, like that at Sandusky, is a magnesian limestone, which contains beautifully- 
preserved fossils; the centers of the little rhombohedral crystals that characterize all of the Sandusky limestone 
are free from the grains of pyrites which characterize the blue Sandusky layers, and the difference in the color 
of the two stones is to be attributed to this circumstance. 

The following analysis, made by Mr. J. Lang Cassels, represents the composition of the limestone from these 
quarries: 
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The proprietors claim that they could easily extract a block of stone equal in size to the Egyptian obelisk 
recently introduced into this country, its extraction being simply a matter of expense. 

The block-stone proves to be a source of excellent lime, which has long been used, but which of late has 
been more abundantly produced. All of the waste material is devoted to this purpose, and nothing remains in the 
quarries except flint nodules. The modern kilns of the best construction are attached to some of the quarries, and 
300 or 400 barrels per day are turned out from one single quarry. Part of the thin stone goes to lake Superior for 
furnace flux, where it is highly esteemed, and a large trade in the lime has been built up at Duluth and in the 
northwest, and the best stone of the quarries is now being burned. Much of the stone is shipped to other points 
to be burned, and all along the lakes are kilns which are supplied from Marblehead and Kelley’s island. The 
Michigan Insane Hospital building at Pontiac and the government breakwaters at Hrie were constructed of the 
Sandusky stone. 

At White House, in Lucas county, the same lower beds of the Corniferous are worked, and this is the only 
quarry which is operated to any extent on the Toledo, Wabash, and Western railroad between Toledo and Wabash, 
Some of the material is shipped to Toledo, as there is a demand for it in the winter, when, on account of the ice, 
the stone quarried near Sandusky cannot be shipped to Toledo by water. | 

Near Defiance there is some stone quarried from the beds on the Miami river, and the same is true at Antwerp. 
The quarry at White House was not extensively worked until 1879, when the railroad track was laid into it. The 
cap-rock has been used for ballast on the railroad, so that the stripping is accomplished without expense. 

The weathered rock which is used for ballast is from 2 to 8 feet in depth, and this is underlaid by 6 feet of gray- 
stone in courses of from 6 to 10 inches in thickness, 6 feet of blue-stone in courses from 6 to 18 inches in thickness, 
and one course of gray-stone 1 foot 10 inches in thickness. The bottom course is nearly uniform in thickness and 
is used for heavy bridge work. The blue-stone is not of a decided blue color, like that of the Upper Corniferous 
at Sandusky, but is a kind of grayish-blue. 

Napoleon and Defiance, Ohio, and Fort Wayne, Indiana, furnish the principal markets for this stone. 

In the townships along the Muskingum the sandstone, which is situated below the coal, affords an excellent 
building stone and is extensively quarried. The Waverly sandstone also occurs in the western portion of the 
county. The limestones which also occur in the county are, upon the whole, of rather inferior quality for purposes 
of construction, and would scarcely be worked if the lime which can be made from them was not of good quality 
and demanded for construction in the neighborhood. 
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SuB-CARBONIFEROUS.—A quarry situated at Newtonville, about 8 miles west from Zanesville, is the only one in 
Ohio from which limestones of sub-Carboniferous age are raised for building purposes. There are several large quarries 
in other exposures of this same horizon in southern Ohio that are worked exclusively for furnace flux and for lime- 
burning. The Newtonville stone is « beautiful material, very fine grained, quite even in color, and of great strength. 
It is very compact, highly fossiliferous, of light gray color, and has thus far shown no ill effects from exposure to 
the weather. The Muskingum County court-house, at Zanesville, one of the finest in the state, is built from this 
stone, and it has also been much used for caps, sills, columns, ete., and although the production at present is small, it 
may at any time be increased with a demand for the material ; but at the present time most of the product is burned. 
A thickness of about 10 feet of stone is quarried, that being the depth to which natural drainage extends. 
Several feet more of the best of the stone lie below this level, and the thickness of the layers increases with the 
depth; upon the top there are only very thin beds, while at a depth of 10 feet the beds are 16 or 18 inches in thickness. 
The material is nearly a pure carbonate of lime, containing only traces of iron and magnesia. In its microscopic 
structure it appears to be quite highly fossiliferous and very compact, containing only small traces of iron pyrites, 
the oxidation of which imparts the faint yellow color which the stone generally possesses. 

CARBONIFEROUS.—A quarter of a mile southwest of Zanesville, near the Muskingum river, a quarry has been 
opened in the limestone of the Lower Coal Measures, from which some material has been extracted which has been 
used chiefly for caps, sills, and top courses of foundations. The main product of this quarry is burned into lime. It is 
not used for the ruder purposes of construction, as it is too expensive. The ledge from which this stone is taken is a. 
solid mass of a bluish color, and about 3 feet in thickness. The stripping which overlies the 3 feet of stone is 25 feet 
thick. The material is a compact, earthy limestone of a very dark color, containing considerable protoxide of iron 
and very little magnesia. It is very highly fossiliferous and difficult to work, and is called by the stone-cutters 
hard and plucky. 

The outcrops of this stone are found abundantly in the neighborhood of Zanesville, and the material is quite 
extensively used for macadamizing streets. The national road for some distance west of Zanesville is constructed 
of it. 

There is quite a large number of quarries situated in the outcrops of Carboniferous limestone in southeastern 
Ohio, the products from which are used as fluxes and for burning, but the two quarries which have been mentioned 
in Muskingum county are the only ones which are of any consequence as producing materials of construction. 
The Carboniferous limestones of this area are hard to work and do not possess the highest requisites of a good 
building stone, but these quarries are capable at any time of producing material for building, and in fact does 
so under special circumstances. Although these quarries are worthy of consideration in connection with their 
ability to produce building stones, still the industry is so insignificant that it has not been considered important to 
tabulate the products of any of them. 

To recapitulate: The line drawn nearly through the center of the state from Erie county on the north through 
Adams county on the south will form the boundary between the area to the east, in which the chief quarrying industry 
is devoted to the extraction of sandstones, and the western area, in which the only quarrying industry is devoted 
to the extraction of limestones. 

The geological formations in the limestone area follow one another in a quite regular order, the oldest being 
situated in the southwestern corner, and the youngest in the eastern part of the state; and the character of the 
Stone is entirely dependent upon this geological arrangement, as regards both the character and the quality of 
the material. 

A considerable quantity of stone is extracted from the Cincinnati group, but, as already indicated, this is 
chiefly owing to the circumstance that the material is in the neighborhood of the large city of Cincinnati. In 
quality the material is surpassed by the stone from other formations. A narrow band of Clinton limestone 
surrounds the area of the Cincinnati group, but at the present time this formation furnishes no building stones. 

The Niagara or Cliff formation, which succeeds, is one of the great building-stone formations of the state, and 
in numerous places most excellent and durable materials are obtained; but even the subdivisions of this group 
determine largely the character of the stones extracted. The lowest or the Dayton formation produces at all 
points a hard, compact, light stone, while the Springfield division produces a less compact, more easily worked 
stone, and the top beds are almost universally converted into quicklime. 

The Helderberg or Water-lime rocks, which cover a large area, are almost without exception bituminous 
dolomites, but in character vary from dark to light and from compact to open or vesicular. The Corniferous 
limestones are most extensively quarried in and about Sandusky, and furnish one of the finest materials obtained 
in the state, while all of the overlying formations are almost devoid of building-stone quarries. As regards 
composition, the stones from these various formations vary from almost typical limestones to almost typical 
dolomites, and there seem to be no rules which will enable one to decide upon the quality or durability of the 
stone from its composition. Experience also demonstrates that the composition, as regards the proportion of 
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lime and magnesia, does not determine the value of the stone as material for the production of quicklime. It 
would therefore appear that the value of the stone is more largely dependent upon its accessory constituents and 
its microscopic structure. 

There is a progressive increase in the amount of magnesia from the Lower Silurian limestones to the Corniferous 
The Cincinnati limestones of the Lower Silurian contain from 1 to 5 per cent. of magnesian carbonate, while the 
Clinton limestones of the Upper Silurian contain on an average about 12 per cent. The Dayton limestone of the 
Niagara period contains about the same amount, while the upper divisions of the Niagara and the Helderberg 
formations are made up mainly of nearly typical dolomites. As regards composition the next following Corniferous 
limestones are very variable. At Bellefontaine the stone is a dolomite, and at Columbus it is as good a limestone, 
containing on an average 93 to 95 per cent. of carbonate of lime, and the Hocking Valley furnaces are largely using 
it for a flux. 

In structure there is less diversity in the Ohio limestone than in those of some of the other states, since the 
oolitic and concretionary forms do not appear; but all other types are found, and therefore the greatest diversity 
exists in the ease with which stones may be worked. There are the open, porous varieties, and the varieties which 
once were open and porous, but which have been again partially consolidated by the filling of the pores; others 
in which the pores have been entirely filled; and other varieties in which large crystals have developed themselves 
in a ground mass, giving to the stone a porphyritic aspect. There are the compact fossiliferous stones and the 
compact non-fossiliferous stones. As regards colors, they vary from very light to very dark, but all possess the 
drab, gray, or yellowish tints which are characteristic of what are called limestones. 

In microscopic structure the limestones of Ohio can all be classified according to certain types of structure 
which are found to be correlated with composition. It may be at first remarked that the microscope indicates that 
the stones are all highly crystalline. A crystal is a body which possesses a definite internal molecular structure, and 
if it is further assumed that the external crystalline form is a property of crystals, then many Ohio limestones are 
more crystalline in their structure than are the so-called highly-crystalline marbles; for in a great many cases the 
- very well developed crystals with external. planes are developed in the mass of the stone, and in other cases the 
stone is entirely composed of such erystals with the form characteristic of the species of the mineral which composes 
it. Inno case has there been found in any Ohio limestone anything which could be called in any correct sense of the 
word uncrystalline; and, indeed, in the light of the microscopic study, any distinction which can uniformly 
distinguish a limestone from a dolomite is very difficult to find. The progressive increase in the amount of magnesla 
which is contained in stones is indicated in the microscopic structure by the development of little rhombohedral 
crystals the sections of which appear quite conspicuous with their sharply-defined edges. 


INDIANA. 


[Compiled mainly from notes of Professor Orton. ] 


The rocks of the Cincinnati epoch of the Lower Silurian period occupy a small area in the southeastern part 
of the state, but no quarry rock is developed in this formation. Its western limit is roughly defined by a line 
drawn from Winchester, Randolph county, to Madison, Jefferson county. 

The rocks of the Niagara epoch of the Upper Silurian period occupy a more extensive territory north and west 
of this line. This formation furnishes stone for foundations, underpinnings, and bridge work in nearly every county 
which it occupies. In a few localities the stone is suitable for the better architectural purposes, and in some places 
an excellent flag-stone is produced. The Helderberg formation has not been identified in Indiana. The approximate 
northern and western limits of the Upper Silurian formation are marked by a line drawn from Fort Wayne to 
Logansport, and thence to the eastern extremity of Clark county. 

The Devonian formation occupies a narrow belt to the west of the Silurian. It has a meager development, its 
entire thickness being only about 200 feet, and it furnishes little building stone. The line between this and the 
sub-Carboniferous formation may be roughly drawn from the northwest corner of Benton county to the northwest 
corner of Clinton county, and thence to the southern extremity of Clark county. 

As to production of stone, the sub-Carboniferous is the most important formation in the state. It furnishes 
the famous “Bedford limestone,” and also some valuable sandstones, which are, however, mostly noted for their 
adaptability to the manufacture of grindstones and whetstones. 

The Coal Measures occupy the southwestern part of the state, and the dividing line between this and the 
sub-Carboniferous formation is nearly that from the southern extremity of Perry county to a point about 5 miles 
southwest of the northeast corner of Warren county, and from there west to the state line. 

The coarse sandstone, commonly known as the “conglomerate”, at the base of this formation is found in a 
region on all sides of which for many miles little sandstone suitable for heavy masonry is available, and also near 
large districts entirely destitute of building stones; but as yet no large quarry industries have been developed in 
this formation. 

The northern portion of the state beyond the line drawn across it through Fort Wayne ofl Monticello is 
deeply covered with drift material. The granitic bowlders found quite abundantly on the surtace in some localities’ 
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furnish the only local supplies of stone in this extensive district. It is in this region that a considerable market 
is found for the sandstones quarried at Stony Point, Michigan, and Berea and Amherst, Ohio, and for the limestone 
quarried in the Bedford district in southern Indiana, and in the Joliet district of Hlinois. 


LIMESTONE. 


The localities north of Indianapolis where limestone is quarried for building stone, with a few exceptions, 
deserve but a passing notice. At Wabash quite an important flagging stone is obtained at the quarries of Messrs. 
Bridges & Seot, Hubbard & Smith, Philip Hipskin, and William J. Ford; important because it is the best stone for 
sidewalk pavements to be obtained for many miles around. It occurs in layers from 1 inch to 7 inches in thickness, 
those from 2 to 5 inches thick being most commonly used for flagging, and the heavier courses for foundations and 
bridge work. The joints run quite regularly, and occur far enough apart to.allow the largest required slabs to be 
obtained. The surface of the natural slabs is, however, rather too rough to allow the stone to be classed with the 
best of flag-stones. The quarry of Messrs. Moellering & Paul is in a different stratum of the Niagara limestone; 
the beds vary in thickness from 3 to 15 inches, and the stone is shipped to Fort Wayne, where it is used for 
foundations and underpinnings. The quarry of Messrs. Little & Shoemaker is in a thin, irregularly-bedded limestone, 
commonly called “‘ shell-rock”. It is easily worked, and is cut through by the Wabash and Pacific railroad, which 
furnishes direct transportation for the quarry product to Fort Wayne, where such stone is in demand for ordinary 
foundations. 

The quarries in Adams, Wells, Howard, Grant, Blackford, and Delaware counties furnish stone for light bridge 
work and for foundations. 

The most valuable deposits of limestone that have been quarried for building purposes in northern Indiana 
are in Cass and Madison counties. . ; 

The quarries of Messrs. J. E. Burns and August Gleitz are located about 3 miles west of Logansport, Cass 
county, in the south bank of the Wabash river, and in a stratum of compact, though easily-worked, uniformly- 
colored limestone, in layers from 4 inches to 4 feet thick. These quarries have furnished the stone for the - 
superstructures of some fine church buildings and for quite a large number of dwellings, stores, shops, etc., in 
Logansport. This stone presents a very pleasant appearance in a building when dressed rock-face. The stone 
_ from the quarry of Messrs. Lux & Lux, at Logansport, is used for foundations. 

The Anderson, Madison county, quarries are located in an evenly-bedded limestone which works quite well 
under the chisel. This stone lies in beds from 4 to 12 inches in thickness, and is used in the town of Anderson 
for flagging, foundations, caps, sills, ete. It is rather beautiful and quite durable. 

There is a number of localities in northern Indiana, south of the drift-covered region, where limestone is 
quarried for the manufacture of quicklime. A large amount of lime of excellent quality is burned annually at 
Huntington, and considerable amounts are burned at Peru and Delphi. 

In the Upper Silurian or Niagara formation there are quarries of considerable importance in the southern 
part of the state, but by far the most valuable building stone of the state is obtained from a stratum of limestone 
in the sub-Carboniferous formation. This limestone is supposed to belong in the geological scale to the Saint Louis 
group of the sub-Carboniferous period. It occurs in massive beds of almost pure limestone, varying in different 
localities from an ordinary gray to an almost pure white color, and having a granular or oolitic structure. It is 
known by Indiana geologists as the ‘oolitic limestone”, and is commonly known in the trade as Bedford stone and 
Indiana stone. <A piece of the stone dressed in the shape of a flat bar rings like iron when struck, and it is very 
elastic, strong, and durable. It does not take a fine polish, but its adaptability to carved work is well shown in 
the elaborate carving in the mansion of Mr. William K. Vanderbilt, built of this material, on Fifth avenue, New 
York city. 

In the Greencastle quarries the stone has a light gray or drab color, and is susceptible of receiving quite a high 
polish. This stone differs considerably from the sub-Carboniferous limestone in the Ellettsville, Stinesville, Bedford, 
and Salem quarries; it is harder, less granular, takes a higher polish, and occurs in thinner beds. This stone is 
used for the construction of cellar walls, for bridge work, blast-furnace flux, and lime-burning. 

The quarries at Okalla, Putnam county, furnish material for bridge construction and for lime. The stone 
differs little from that quarried at Greencastle. At the Putnamville quarry the stone is heavily bedded, highly 
Siliceous, quite hard, of a light gray color, and receives but a slight polish. It has a very compact, fine, granular 
structure. This stone is employed in all kinds of building, principally in the cities of La Fayette, Terre Haute, 
and Crawfordsville. 

The quarries at Longwood, Fayette county, furnish stone for bridge work, cellar walls, steps, and some flagging. 
The material finds its principal markets at Connersville and Rushville. The specimens forwarded to the National 
Museum represent a buff variety and a drab mottled with buff. Both varieties take a medium polish, and from 
the latter tombstones have been made. The quarries near Laurel, in Fayette and Franklin counties, furnish stone 
for foundations, bridge work, and flagging to the country along the line of railroad from Cincinnati, Ohio, to 
Muncie, Indiana. This stone has quite a beautiful drab color, a compact structure, and is strong and durable. It 
works well under the chisel and takes a medium polish. 
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The New Point, Greensburg, and Saint Paul quarries, in Decatur and Shelby counties, furnish stone for 
general purposes of construction and for flagging. The material finds its principal markets at Cincinnati, Ohio, 
and at Indianapolis, Terre Haute, and La Fayette, Indiana. A section at New Point quarry exhibits 25 feet of 
drift ; 3 feet of thinly-bedded rock, used for rubble and lime; and below this 4 feet of cutting stone. Itis estimated 
that the value of the lime sold papaliy from this quarry is about one-third of that of its entire product. 

The specimen forwarded to represent the material from this quarry contains numerous crystals of pyrites, 
varying in size from the smallest that can be seen with the naked eye up to half an inch in diameter. The stone 
works well, but does not take a good polish. 

At ine Greensburg quarry the stone is more crystalline and is susceptible of being quite highly polished. 
Tt is rather hard and slightly plucky. It is used for all building purposes, and the thinly-bedded stone in the 
upper portion of the quarry is used to some extent for flagging and for railroad ballast. A section of the quarry 
exhibits 6 feet of drift material, 7 feet of thinly-bedded stone, and 9 feet of cutting stone. 

At the Saint Paul quarries the stone is quite highly crystalline, works well, and takes a medium polish. Itis 
used for all building purposes and for flagging. Mr. J. L. Scanlan manufactures lime, and it is estimated that the 
value of lime burned is about two-thirds that of the entire product of his quarry. The material which is burned 
is the thinly-bedded rock occuring above the cutting stone. A section of the quarry shows 4 feet of drift, 10 
feet of lime-rock, and 10 feet of cutting stone. 

A section of Mr. W. W. Lowe’s quarry shows 1 foot of drift, 5 feet of thin stone, and 20 feet of cutting stone. 

The quarry of Mr. G. W. McNeely, 2 miles west of Saint Paul and in Shelby county, is worked in 6 feet of 
thinly-bedded stone, and furnishes foundation stone and flagging to the neighborhood. The stone from these 
quarries may be equal in beauty and durability and even superior in strength to the oolitic limestone, but it is not so 
extensively employed, especially for the better kinds of architectural uses, because it is harder to quarry and to 
dress, and cannot be obtained so readily in large-sized blocks. It has been chiefly used for foundations and bridge 
abutments, and the thin, evenly-bedded layers are extensively used for sidewalk paving. 

The oolitic limestone is quite extensively quarried in Monroe county, and the Ellettsville stone is used for all 
building purposes in Chicago, Saint Louis, Indianapolis, and also in many of the smaller cities and towns in Indiana 
and Illinois. The following are some of the buildings in which examples of Ellettsville stone may be seen: Indiana 
state-house, Marion County court-house, and the Vance block, at Indianapolis; the custom-house and post-office, 
Evansville; Knox County court-house, Vincennes; Dearborn County court-house, Lawrenceburg; Posey County 
court-house, Mount Vernon; Clark County court-house, Jeffersonville; Bartholomew County court-house, Columbus; 
Johnson County court-house, Franklin; Asbury university, Greencastle; Wabash college, Crawfordsville—all in 
Indiana; and the state capitol, Springfield, Hlinois. 

A section of the quarry of Messrs. John Mathews & Sons shows first 3 feet of clay, then 7 feet of worthless 
rock, called ‘‘bastard” limestone, and, below this, 18 feet of limestone in one bed, which has, however, several | 
““cone-in-cone” seams. This stratum has not been worked to the bottom in this quarry. 

There are 2 feet of clay and 6 feet of bastard limestone over the building stone in the quarry of Messrs. 
Perry Brothers. The bed of building stone has been worked to a depth of 34 feet, divided into five layers by | 
cone-in-cone seams. The stone in the top and bottom layers, respectively 8 and 6 feet thick, is quite hard, and 
is used in the construction of bridges. The intervening 20 feet consist of two layers, each 5 feet thick, and one 
layer at the bottom 10 feet thick. All the stone in these three layers is easily worked. i 

The disintegration of the fossil fragments, mostly coral, of which this stone is largely made up, has gone to 
such an extent in the Ellettsville stone that the fragments are very small, and the interstices between them have 
been so completely filled as to give the stone quite a compact structure. The representative specimen from the 
Stinesville quarries shows a much coarser and a more open structure, the fossil fragments being much larger and 
the interstices between them being less perfectly filled; however, the material is about as widely distributed, though 
somewhat less extensively, and is used for similar purposes. 

The last-mentioned quarries are located near each other. The one at the lowest level has 28 feet of limestone 
exposed, with a small honey-comb seam about 6 feet from the top. The two other quarries have about 30 feet of 
limestone exposed, with the honey-comb seam coming in at a.depth of about 12 feet. 

The entire section of the Saint Louis group is exposed at the quarry of Mr. B. Schweitzer, in Owen county, 
but the oolitic limestone is not well developed here. About 70 feet of limestone, varying, at different heights, 
in color, texture, and composition, are worked; and from 4 to 10 feet of the lower portion of this is a anite 
limestone, which is burned. The lime product represents about one-fourth of the entire quarry product in value. 

The building stone occurs in layers from 2 to 14 inches in thickness, being mostly a very fine grained and 
compact material, with a conchoidal fracture. It is not suitable for cutting; but, being evenly bedded, is well 
adapted for the construction of foundations, for which the blocks are easily squared up. The stone finds its 
principal markets at Indianapolis, Terre Haute, Vincennes, and Evansville, Indiana. 
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Bedford, Lawrence county, furnishes the “Indiana limestone”, famous over a large portion of our country, 
known as “Bedford stone” in some markets. As is shown in the tables, most of the Bedford quarries now worked 
have been quite recently opened. The stone has only within a few years come into extensive use, though it has 
been quarried and used in a small way for twenty-five or more years. At the present time it is one of the stones 
most extensively employed for architectural purposes in the city of Chicago. The fossil fragments of which the 
stone is composed are quite uniform in size, of about that of an ordinary grain of sand, and the interstices 
between them are well filled, giving a uniform texture and firm structure. The appearance of the stone, when 
dressed in any manner BOpliGaie to limestones, is good. The qualities of beauty, strength, durability, and 
cheapness due to accessibility and ease of working possessed by the Bedford stone, tend to secure for it a very 
prominent place among the building stones of our country. ~The following are some of the buildings in which 
Bedford stone was used: Residences of Mr. W. H. Vanderbilt, Mr. I. Sherwood, and Mr. Cornelius J. Vanderbilt, 
Fifth avenue; residence of Mr. William H. De Forest, Fifty-seventh street; the Smith building, Cortland street; 
Appleby flats, corner Seventh avenue and Fifty-eighth street; Bridge building, Fourteenth street; flats, Highty- 
fourth street and Eleventh avenue; and rectory, Fifty-first street—all in New York city; Cotton Exchange 
building, New Orleans, Louisiana; new city hall, Chicago; state capitol, Springfield ; McLean County court-house, 
Bloomington; Peoria County court-house, Peoria; and county court-house, Olney—all in Illinois; new state-house 
and United States custom-house, Indianapolis; Grant County court-house, Marion; Lawrence County court-house, 
Bedford; county court-house, Shoals; Floyd County court-house, New Albany; Music hall, New Albany; Posey 
County court-house, Mount Vernon; United States custom-house and approaches, Evansville—all in Indiana; 
and United States custom-house and Jefferson County court-house, Louisville, Kentucky. In Louisville, Chicago, 
Saint Louis, Evansville, and Indianapolis there are scores of buildings the fronts of which are built of Bedford 
stone. 

At some of the quarries there are from 4 to 5 feet of worthless rock on top; below this the solid bed of oolitic 
limestone has been worked to a depth of 40 feet, and the bottom of the bed is not yet reached. The amount of 
stripping varies in different localities. Im some places there are but a few feet of clay on top of the oolitic 
limestone, while in other places the stripping consists of 12 or more feet of bastard limestone. 

At the Lawrenceburg quarry, in the southeastern part of Lawrence county, and at the Fort Ritner quarry, near 
the line between Lawrence and Jackson counties, the oolitic limestone has not been so extensively quarried as at 
the Bedford quarries; the material, however, is of good quality. At Lawrenceburg the oolitic limestone has been 
worked to a depth of but 14 feet. From this quarry the material goes principally to Cincinnati and to Saint 
Louis. 

At Fort Ritner only 10 feet of the limestone have been worked. The material was used in the construction of 
the court-house at Brownstown and the cathedral at Vincennes, Indiana. 

The quarries in Jennings county are in the Niagara ecaiae of the Upper Silurian period, and the stone 
produced is quite like that from the same formation in Decatur county, which has already been described. Sections 
in these quarries show from 3 to 5 feet of drift material, and below this from 8 to 30 feet of quarry stone in evenly- 
bedded layers from 2 to 36 inches in thickness. The thinly-bedded layers are used quite extensively at Indianapolis 
and other cities for paving sidewalks. With these stones, when used for sidewalk paving and in rough masonry, 
nothing is necessary in the way of dressing beyond breaking the blocks into rectangular shape. The heavier layers 
are used extensively for the construction of foundations and bridge abutments, for which purpose this stone is well 
adapted on account of its strength, durability, and cheapness, due to the fact that little dressing is necessary for 
this kind of work on account of the evenness of the layers and the smoothness of the bed surfaces. 

The specimen from the North Vernon quarries has a dark drab color, and that from the Oakdale quarry a 
light drab or gray color. The former represents what is locally known as the North Vernon “blue limestone”, 
which was used in the construction of the Ohio River bridge of the Cincinnati Southern railroad. The strata occur 
near the surface of quite an extensive area along the lines of the Ohio and Mississippi railroad and its Louisville 
branch and the Jeffersonville, Madison, and Indianapolis railroad. 

The quarries worked at Osgood, Ripley county, are also in the Niagara limestone, and the principal use made 
of the product is for flagging and curb stones. The material finds its principal markets at Cincinnati, and at 
Covington, Kentucky. At these quarries there are from 24 to 5 feet of drift on top, and below this from 10 to 12 
feet of quarry rock. The representative specimens of these stones forwarded to the National Museum contain a 
considerable amount of pyrites in the crystalline form. The stone is less applicable for cut work than for sidewalk 
paving, curb stones, foundations, ete. 

Near Salem, in Washington county, the oolitic limestone has quite a valuable development. Under about 5 
feet of cap-rock a solid stratum of limestone 30 feet in thickness occurs. Six feet of the lower portion of this, 
however, is not used on account of its being too hard. The remainder of the stratum is quarried for all kinds of 
building purposes, and the material finds its principal markets at Louisville, Kentucky, and New Albany, Indiana. 
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Samples of this material may be seen in the court-house at New Albany, and in the Galt house and city hall 
at Louisville, Kentucky. In color, texture, and ease of working this stone differs little from that quarried at 
Bedford. 

At the New Albany quarries, in Floyd county, the oolitic limestone is somewhat harder and less valuable for 
architectural purposes. It is principally used for foundations and street pavements at New Albany. Only 9 feet 
of limestone is quarried, and the cap-rock is about 25 feet in depth—16 feet of clay and 9 feet of worthless 
sand-rock. This depth of cap-rock of course increases the expense of quarrying to a considerable degree, but the 
quarries can be worked with profit so far as the material may be in demand at the New Albany market for the 
above-specified purposes, no other material so suitable for the same uses being so near at hand. 


ILLINOIS. 
By PROFESSOR ALLAN D. CONOVER, Special Agent. 


The state of Illinois embraces rocks representing most of the epochs of the Silurian, Devonian, and 
Carboniferous ages, and including most of their varieties in texture. Over the greater part of its area these rocks 
have been but little disturbed, and occur with beds approximately horizontal or inclined at a small angle to the 
horizon. In a few localities, however, very considerable disturbances of the normal relation of the strata have 
taken place, usually within rather restricted areas, and have been accompanied in some places by marked changes 
in the physical characteristics of the rocks, which have affected very considerably their value as building material. 

The surface of the state is almost everywhere covered by a variable depth (at places but a few feet, at others 
much over 100 and possibly over 200 feet) of the looser deposits of the Tertiary and the Quaternary ages. Owing 
perhaps partly to the nature of its rock formation, but most largely in all probability to these subsequent deposits, 
a very large portion of the state presents a very level or slightly-undulating prairie surface, within the limits of which 
are but few rock exposures, This is true of the whole central and eastern part of the state, the larger portion of 

its territory. 

Skirting this great area on all sides except the east is a country of very different character, though the change 
is gradual—a valley country with very marked water-courses, which cut through the beds of clay and sand to and 
into the rock formations below. Throughout the greater part of this area the rocks immediately underlying are 
Silurian, Devonian, or sub-Carboniferous, all of which furnish excellent building materials, and but few localities of 
considerable area are found where at least a fair building material cannot be easily obtained. 


SILURIAN. 

LOWER MAGNESIAN.—The oldest of the Silurian rocks occuring in the state, the Lower Magnesian or Calciferous, 
is found in two small areas in the central northern part of the state, one lying principally in Ogle county and the 
other mostly in La Salle county. Its beds furnish a dolomitic limestone, utilized in the manufacture of cement, 
but is only fitted for the most ordinary of building purposes, and is nowhere systematically quarried. 

SAINT PETER SANDSTONE.—The Saint Peter sandstone, occurring closely associated with the Lower Magnesian 
limestone in these localities, is a coarse-grained sandstone of various shades of dark-yellow or buff to reddish- 
brown, its grains not often sufficiently cemented to form a good building rock. In a few places in Lee county it 
is hard enough to quarry, and small quantities of it have been and are yet occasionally used. In La Salle county the 
lower 4 feet of the bed furnish an excellent and durable rough building material, which was formerly considerably 
used for heavy masonry, but is now very little quarried. 

TRENTON GROUP.—In its northern area the Trenton group has two very distinctly marked subdivisions—the 
‘Trenton limestone and the Galena limestone. 

The Trenton limestone in this southward extension from its southwestern Wisconsin area presents here very 
similar characteristics. Itis nearly everywhere a rather thinly-bedded, close-textured, often semi-crystalline, hard, 
gray or light drab-colored rock, easily blocked into quite square and regular shapes, and furnishing a very excellent 
and durable, occasionally somewhat ornamental, building material. 

It is found and quarried in small amounts in numerous places along the valley of Fever river, in Jo Daviess 
county, and there furnishes a good ordinary building stone only. In the eastern part of Stephenson county it is 
quarried in a few places to a slight extent, but is everywhere so deeply covered by clay and shales as to render 
quarrying it very expensive, while farther east, in Winnebago county, it occurs in numerous places, and furnishes 
a good ordinary building stone, easily quarried out and shaped. In this locality some of the dark blue and drab 
colored beds fade very rapidly upon exposure, finally reaching to a light buff color, as in the same beds in Wisconsin, 
near by. 

In western Boone county these beds furnish the only building stone of value obtainable within the county, 
and are extensively quarried in the vicinity of Beaver creek, where they furnish more than usually heavy beds of a 
rather rough but durable stone well fitted for ordinary and heavy masonry. 

In the vicinity of Mount Morris and of Polo, in Ogle county, these beds furnish an excellent and handsome 
buflding material which has been used quite largely i in building at those places. 

At Dixon the stone is thinly bedded, but has been. largely quarried and used i in the construction of the mills at 


that place. 
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To the south of these places throughout the remainder of this area, and also in the detached area closely 
adjoining it, the Trenton limestone beds are thin and irregular, and nowhere furnish building material of value. 
Wherever these beds occur quarries are so easily opened and worked that large numbers of them are found, each 
worked to a slight extent, but rarely furnishing regular employment at one spot for any considerable length of 
time to more than one or two men. 

The upper subdivision of this group, the Galena limestone, occurs in these northern areas of the Trenton group 
in considerable thickness, in all between 200 and 300 feet. It everywhere presents very constant physical 
characteristics, and is a rather coarse and rough-textured stone, occurring in heavy, sometimes massive beds to over 
5 feet in thickness; is rather hard to work, and hardens gradually upon exposure, forming a very excellent, durable 
material for all purposes except for fine ornamental work. Its color is arather rich, warm buff tint, which deepens 
somewhat upon exposure, and when well worked it presents a very handsome appearance. 

In Jo Daviess county there are numerous quarries, though none largely worked. Near Freeport, in Stephenson 
county, and within the city, are large quarries presenting solid walls of rock from 60 to 90 feet high, in which the 
upper beds are very thin, but those below are very massive. Large quantities of stone from these quarries have 
been used in this city, and numerous very handsome buildings and residences have been constructed of it. Near 
Rockford, in Winnebago county, it has also been quarried and very largely used in that city, particularly in the 
construction of residences. At Harlem and at Cherry Valley, in the same county, there are also large quarries, the 
stone from which is extensively used for heavy masonry, such as bridge work, for which it is found to be a most 
excellent material. 

In Ogle county there are numerous outcrops, and the stone has been considerably used for heavy masonry, but 
there are no quarries largely developed. In Lee county the formation is finely exposed all along the Rock River 
valley, and has been quarried extensively at Big Springs and at Lee Centre, while at numerous points along the 
valley small quarries have been opened. At Dixon it has been considerably quarried, and was used with success for 
the piers of the large bridge erected there across Rock river. Where found in Whiteside county it presents the 
same characteristics, but is generally difficult to'quarry because it is nearly everywhere deeply covered up. 

The Trenton group is found within the state at four other points along the Mississippi river to the southward, 
but these subdivisions seem there to be less distinctly marked and have not been recognized and traced. 

In Calhoun county the rocks of the Trenton group form the axis of an anticlinal running east and west, and are 
largely exposed on both the Mississippi River and the Illinois River sides of the county. On the Mississippi River 
side at about the middle of the county they form the base of the river bluffs, and rise southward till at Cap Au ‘Gris, 
in Lincoln county, Missouri, they form the whole body of the bluff, exposing a total thickness of from 300 to 400 feet. 
At this point the lower beds of the series are quite heavily-bedded, compact, hard, grayish dolomitic limestone of 
ereat endurance, nearly, if not quite, equal in value to the limestone of the famous Grafton quarries in the Niagara 

‘limestone on the river, just below. These beds could be readily quarried and the stone lowered directly into 
barges in the river. A vast quantity of this stone can be readily and cheaply obtained. 

On the Illinois River side of the county these rocks have numerous exposures, and are quarried in various places 
to a limited extent. 

In Jersey county, where this axis crosses the Illinois river, the upper beds of this group are elevated above the 
river 40 or 50 feet. The rock is thinly-bedded, with shaly partings, and probably of little value as a building 
materia Ke , . 

In Monroe county the Trenton limestones are again found forming the base of the river bluff at Salt Lick point. 
They occur here in very heavy beds as thick as 6 and 7 feet, and are coarse-grained, quite even-textured, and of light” 
color. From these same beds upon the Missouri side were obtained the great blocks for the columns of the Saint 
Louis court-house. 

Farther south, in Alexander county, these rocks appear for the last time in this state and cross the Mississippi 
river in such a way as to form the rapids known as the Grand Chain. They rise on the Illinois side to a height of 75 
feet or more and occur in very heavy beds—a light gray, fine, even-textured stone, some of the layers of which 
receive a high polish and would make an excellent and handsome ornamental stone. The same beds have been 
largely quarried at Cape Girardeau, in Missouri, just opposite, and the stone is known as the Cape Girardeau marble. 

While in each of the last-named localities these beds are capable of furnishing quite cheaply vast quantities 
of building material, they have never, so far as I could learn, been worked to any extent. 

CINCINNATI GROUP.—The rocks of the Cincinnati group, which immediately overlie those of the Trenton, 
consist mainly of more or less hardened clays, their composition in places varied by the addition of a considerable 
percentage of carbonate of lime. They furnish nowhere except in one locality any reliable building material, but 
are quarried in some places where their exceptional hardness renders them usable, and where other building stone 
is very scarce. In Boone county, where there is but one quarry (in Galena limestone, at Beaver creek) of limestone, 
a quarry has been opened in these shales just southeast of Belvidere, from which most of the building material for 
ordinary purposes used in that city has been obtained. In some buildings these stones have been exposed for nearly 
thirty years without showing much signs of injury. Very good flag-stones are also obtained from this quarry. ~ 
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Io the vicinity of Sterling, in Whiteside county, there are two considerable quarries in this formation which 
are especially notable. The rock is here a very compact, hard stone, and one quarry has been worked to a depth 
of about 30 feet. The upper beds are quite thin and can be taken out in very large slabs, which make very excellent 
flag-stones. The lower beds are of moderate thickness with a compact, argillaceous limestone, furnishing an 
excellent building material, and have been quite largely quarried. Samples of this stone were tested by the United 
States authorities at Rock Island, and showed a strength to resist crushing varying from 7,000 to 10,000 pounds per 
square inch; in specimens 2 inches square and 4 inches high, a strength nearly equal to that of similar specimens 
from the Joliet and Lemont quarries. That this quality of stone has a very limited extent, however, in these beds 
the small quarries and other exposures within a limit of 2 miles show very conclusively. In Hopkins township, 
east of Sterling, is another similar quarry, where almost, if not quite, as good stone has been quarried considerably. 
A much less thickness of the strata furnishing good building stone is exposed here. In these quarry stones the 
addition of a considerable pereentage of the carbonates of lime and magnesia has made the shales impure 
magnesian limestones and given them locally strength, durability, and reliability. At all other points where they 
are quarried, however, though they may in places appear to yield durable stone, they are liable to furnish occasional 
stones which, upon exposure, will rapidly disintegrate, and they are extremely unlikely to furnish anywhere any 
stone which will have more than a small local value, or be the basis of any regular industry. 

NIAGARA GROUP.—The limestones of the Niagara group show in no place a thickness of more than about 100 
feet, but are the surface stone over a very large area in the extreme northeastern, northwestern, and western part 
of the state. Nearly everywhere when exposed they furnish at least a good ordinary building stone, while in very 
many localities the stone quarried from them is of unusual excellence and applicable to almost all of the uses for 
which stone is required for building purposes. Their principal area of occurrence, in point of territory covered, lies 
in the extreme northeastern part of the state, where they extend from the northern boundary along the lake shore, 
and as far south as the central part of Iroquois county, in a band whose varying width averages about 40 miles. 

In Jo Daviess, Carroll, Whiteside, and Rock Island counties are two very irregular areas of considerable extent. 
Farther south, in Pike county, and in Calhoun and Jersey counties, are two small areas, the latter of considerable 
importance, while! in Alexander county, at almost the extreme southern point of the state, they occur again in a 
narrow area extending two-thirds the length of the county from near its northern boundary along or closely 
adjoining the Mississippi river. 

In the first-mentioned area they are almost every where quite deeply covered with deposits of powlder drift and 
clays, except where rivers or streams of some considerable magnitude have cut through these coverings. This is 
especially true of the extreme northeastern counties, McHenry and Lake, where the covering is very deep, and 
where those exposures which do occur or have been made show the rock to be too flinty and thinly-bedded to be of 
any value. To the southward, espetially as they approach the southwestern limit of the area, the main valleys of 
the Fox and Illinois rivers show numerous exposures of the rock, most of which are capable of furnishing an 
excellent building material. The most important of these are found extending along the Illinois river from 2 miles 
above Lemont to a few miles below Joliet in an almost continuous line. The exposures of value for building stone 
are almost entirely confined to the left or south side of the valley, except at and below Joliet. 

At Lemont the stone quarries lie on both sides of the Illinois and Lake Michigan canal, which here skirts along 
the valley above the base of the hills on the left bank of the river, though principally on the southwest. The beds 
are quarried to their lower limits through a variable thickness of from 12 to 40 feet. The stone here is uniformly a 
very fine grained, homogeneous, light drab limestone, occurring in beds from 6 to 24 and some times 30 inches in 
thickness. The beds are divided vertically by seams occurring at somewhat irregular intervals of from 12 to 50 
feet, and continue with quite smooth faces for long distances, and also by a second set running nearly at right 
angles. with the first, but only continuous between main joints and occurring at very irregular intervals. This 
structure renders the rock very easily quarried and obtainable in blocks of almost any required lateral dimensions. 

The stone is easily worked into required shapes and takes a fine, smooth finish, which can hardly be called a 
polish. At the works of the Singer & Talcott Company large quantities of the stone are planed by machines closely 
resembling those used in planing surfaces of iron. ‘This forms a very rapid and cheap method of finishing flagging 
stones and preparing stones which are to receive a smooth finish for the polishing-bed. Very large quantities of 
flagging stone are gotten out by this company, which for the past few years has supplied nearly, if not quite, nine- 
tenths of the stone for that purpose put down in Chicago, as well as large quantities for other places. The finer and 
more homogeneous varieties can also be very readily shaped into any of the forms which lathes are capable of turning 
out, such as balustrade work, and a great deal of this sort of ornamental stone-work is made here. The stone can 
also be readily carved in bas-relief, but is not sufficiently tough for high relief work. Its color is a bluish-gray to 
nearly white, and that quarried in this immediate vicinity seems to contain less iron oxide than that quarried lower 
down, at and below Joliet, and does not tarnish so much. 

Quarrying has hitherto been largely done under very light stripping, but most of the future developments of 
these quarries must necessarily be done under very heavy stripping of clay and medium-sized gravel. This is her~ 
all done by hand. The stone here is injured by exposure to the frost while containing its natural moisture. Ts 
is a cause of either a considerable annual expense in making earth protection, or annual loss in destruction of stene, 
except in a few of the quarries so fortunately situated that they can be flooded during the winter season. 
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The principal market for the stone quarried here is the city of Chicago, but large quantities of the stone are: 
also shipped in every direction to points throughout northern Illinois and the adjoining states of Michigan, Indiana, 
Iowa, and Wisconsin. These quarries extend for nearly 4 miles below Lemont, where a gap occurs,.to just below 
Lockport, from which point a line of closely-adjoining quarries extends to below Joliet. The finer varieties of this 
stone do not seem well fitted for heavy masonry in damp situations. Fine clay seams abound, which are invisible 
when the stone is first quarried, and when it is used under ordinary circumstances generally do not develop at all, 
but in such situations as expose the stone to heavy moving loads, or to alternate moisture and dryness accompanied 
by frost, they are soon developed and often render the stone worthless. Even the purest and best of the stone, 
especially in cities where much soft coal is burned, becomes somewhat tarnished to a light yellowish tint after long 
exposure, but does not become of a strong buff color. 

The quarries of the Joliet group extend from about a mile below the village of Lockport to about the same 
distance below Joliet. The total thickness of Niagara strata exposed here is apparently much greater than at 
Lemont, and two fairly distinguishable varieties of the stone are quarried. That quarried at the lower beds, in 
the vicinity of the penitentiary, on the right bank of the river, and just below the city closely adjoining the river, 
is generally a rougher, more irregularly-textured stone, occurring in beds as much as 24 inches thick, and is now 
chiefly used for ordinary and heavy masonry, and very little for ornamental purposes. This stone, upon exposure, 
becomes tarnished to a very decided and sometimes a quite deep buff tint, which is not a handsome color for face 
or ornamental stone. It appears, however, to be especially well suited to the purposes mentioned above. 

In the quarries back from the river, at higher levels, the stone is generally a fine-grained, much more homogeneous 
rock, much of it quite equal in this respect to the best of that quarried at Lemont, and it occurs near the bottom of” 
the quarries, as now worked, in beds often from 3 to 4 feet in thickness, and is obtainable in large blocks. Most 
of it appears to weather-stain rather more than the Lemont stone, but to be otherwise exactly like it. It is very 
largely used as a building and an ornamental stone, and large quantities of it are shipped by rail to points throughout 
northern and central Illinois, and to every one of the adjoining states. Thevalue of the stone quarried at these two. 
localities is probably fully equal to that of all the other stone quarried in the state. 

Along the Fox River valley, from Elgin to Aurora, there are occasional exposures of the Niagara limestone, 
some of which are considerably quarried. In all of them, however, there is a heavy covering of drift, which renders - 
the quarrying quite expensive. 

At Batavia there are extensive quarries. The drift covering necessary to be removed is from 20 to 40 feet 
deep, almost entirely sand and medium-sized gravel. There are three large quarries on each side of the river whose 
products are all entirely similar. The stone is rather rougher, coarser, and more irregular in texture than that 
at Joliet and Lemont, and is more compact and difficult to work. A few of the beds furnish stone fit for ornamental : 
work in fairly large sizes. The expense of quarrying has been very greatly imcreased by the heavier stripping 
required. 

At Aurora there is also a very large quarry of the same excellent and durable stone, the product of which is. 
mainly used for rough foundation and heavy masonry. 

There are also quarries of some value at Thornton, on the Illinois Central railroad, and at Blue Island, on the- 
Chicago, Rock Island, and Pacific railroad. There is also within the city limits of Chicago a quarry in the limestone - 
of this formation, which is there impregnated with organic matter that gives the stone a dark and dingy tint upon 
exposure, and soon imparts to it an appearance of great age. It was used in the construction of one of the principal 
church buildings in the city, but it was most largely quarried for lime and ordinary wall stone. 

At Kankakee, Kankakee county, there are two large quarries. The stone quarried there is a compact, coarse,. 
somewhat irreguiarly-textured dolomitic limestone containing rather numerous small cavities and sand-pits, but it 
is @ strong and durable building material, especially valuable for resisting and enduring under very unfavorable- 
circumstances when exposed to dampness and frost, and has very considerable strength. It has been largely used 
as face-stone in building work, but contains numerous crystals of pyrites which decompose and stain the stone dark. 
yellow in patches, badly marring its appearance. Large quantities of the stone are used in bridge work along the. 
lines of railroad passing through this place. 

In the area of Niagara limestone lying in the northwestern part of the state, in Whiteside and Jo Daviess 
counties, are numerous exposures, and the beds furnish everywhere a rough-textured, heavily-bedded, durable - 
stone, excellent for all kinds of ordinary heavy masonry, but they are nowhere peencively quarried... Farther - 
south, in northern Rock Island county, these beds, when found, are softer and excellent for lime-burning, but furnish . 
no eG rate building material. 

In Pike county the Niagara rocks form the base of the Mississippi River bluffs for a considerable distance. 
They are here of somewhat rough-textured, compact, buff-colored limestone of great durability, a building material 
for ordinary and heavy masonry quite Saal to the best Joliet or Grafton stone. The same stone is also found high 
up on the river bluffs in southern Calhoun county, and also all along the Illinois and Mississippi River fronts of 
Jersey county to just below Grafton, and everywhere presents precisely the same physical characteristics. 

At Grafton the stone is very extensively quarried, principally for the Saint Louis market, but considerable 
quantities of it are also shipped to other river points, the river having been, to the present time, the only channel: 
for transportation available. The stone quarried here is of very great strength and durability. 
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The rocks of this group also occur in the river blutfs of Union and Alexander counties, in the extreme southern 
part of thestate. Like the Trenton beds which they overlie, they are there mottled, semi-crystalline rocks, occurring 
in very heavy beds, the stone taking ‘a fine polish and capable of yielding a very handsome ornamental stone, as 
well as a thoroughly reliable and handsome building material. They are not, as far as I could learn, yet worked. 


DEVONIAN. 


The Devonian age is represented in Illinois by a series of shales and limestone, of small total thickness, varying 
from 10 to over 100 feet. The exposures of these rocks are not numerous and are of very limited extent. In 
Calhoun county they include about 10 feet of a coarse, gray limestone, useful and slightly used as a building material. 
In Jackson, Union, and Alexander counties some of the beds might be utilized for the same purpose. 

In Jackson county there are beds in the Devonian series at Bald Hill and at Back Bone which are very hard 
ande ven-textured and take a fine polish. They are of variegated color also, and have been worked to some extent. 
Other beds in the same series also furnish excellent rough building material. 


CARBONIFEROUS. 


The rocks of the Carboniferous age underlie the greater part of Illinois. They form a series of very great 
thickness in their greatest development, probably over 2,500 feet, and are of very great importance not only 
because of the mineral wealth, especially of coal, but also because of the vast, almost unlimited, quantities of most 
excellent building stone they are capable of supplying, and very cheaply, at great numbers of points over the state. 
This is especially and particularly true of the lower division of the group, the sub-Carboniferous limestone, so called, 
which furnishes a maximum thickness of limestones, sandstones, and shales; principally limestones of over 1,500 feet, 
in the southern part of the state, which gradually thins out to less than 1,000 feet total average, toward the northern 
limit of their exposure. A very large proportion of these beds furnish excellent building stones wherever found. 

The most northerly exposures of these beds occur in southern Mercer county, and from here they extend 
southward in an area of very variable width from 5 to 30 miles or more, always along or close to the Mississippi 
river, and nearly the whole length of the state to southern Jackson county, where they swing to the eastward 
and cross the state, through Union, Johnson, and Pope counties to Hardin county, at whose easternmost limit 
they cross the Ohio river into Kentucky. They form the whole or the greater part of the Mississippi River bluffs 
throughout the entire distance from Mercer to Jackson county, with the exception of the limited localities already 
described, where the river front is occupied by older rocks. Five main subdivisions of the rocks of this group were 
made by the Illinois geologists and traced throughout most of the area. 

KINDERHOOK GROUP.—The Kinderhook group, the lowest and least important of the series, has at its greatest 
development a thickness of less than 200 feet, which in places includes limestone strata of no great thickness 
available for building stone, but which are not always a reliable material, and nowhere extensively quarried. 

BURLINGTON LIMESTONE.—The Burlington limestone, next in the series, occurs in beds whose variable thickness 
amounts in many places to over 200 feet; it is a very pure carbonate of lime, highly fossiliferous, and for almost 
its total thickness is an excellent building material. 

In Henderson county it outcrops along the river bluffs through the whole length of the county. It is a fairly 
even textured light blue or yellowish-gray, moderately thick-bedded stone, but little affected by weather. The beds 
have been quite largely worked in the eastern part of the county, and also at Sagetown, where a very extensive 
quarry furnishes a large quantity of material, principally used in railroad constructions. The stone for the piers 
of the Mississippi River bridge at Burlington was taken from this quarry and has stood the exposure and abrasion 
with great success, and seems also to have been discolored little or none. 

It forms no part of the surface of Hancock county, but in Adams county is again exposed along the whole line 
of river bluffs, from Quincy to the southern line of the county, having everywhere about 40 feet in thickness of 
moderately heavy beds of excellent but rather rough-textured building stone. At Quincy, within the city, a 
thickness of about 100 feet of this limestone is quarried, and is most of it available for building stone; an excellent 
and durable material, but not a fine ornamental stone, Some few of the layers contain pyrites and become badly 
discolored upon exposure. 

Throughout the whole river front of Pike county, both on the west and on the east, these beds form a continuous 
outcrop, including, as in Adams county, about 40 feet in thickness of beds available as building material. The stone 
is here often found in beds from 2 to 4 feet thick, and is, wherever free from flints, an excellent building and 
dimension stone. Numerous exposures are also found along the creeks in the northern part of the county. 

In the vicinity of Jersey landing, Jersey county, it forms the entire river bluff, and is a nearly white, somewhat 
uneven-textured, medium-bedded limestone, containing occasional seams and flints, and furnishing a very good 
building stone for rubble and ordinary cut-stone masonry. It is very little quarried now. 

_ Krokuk GRoup.—The. Keokuk group, next in succession, consists chiefly of limestones. Its rocks extend in 
Illinois from central Henderson county along nearly the whole band of sub-Carboniferous rocks to Hardin county. 
Only the middle beds of this formation furnish good building material, and in these there are a number of 
noteworthy quarries. Their extreme thickness is about.70 feet, and the rock is an even-textured, light gray colored, 
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-easily-dressed stone, which does not discolor or show any signs of disintegrating upon exposure. In most places 
its beds are separated by clay seams sometimes of several inches thickness, the beds themselves varying from 6 


inches to 3 feet. 

In eastern Henderson county these beds are exposed in numerous places, especially in the vicinity of Biggsville, 
and there furnish only an ordinary building stone in blocks of very moderate dimensions. 

In Hancock county these beds form the base of the river bluffs for a long distance, and have been extensively 
quarried in a number of places. Near Nauvoo large quarries were at one time worked, and furnished the material 
of the once famous Mormon temple at that place. Stone from these quarries was used also in the construction of 
the United States court-house and post-office buildings at Galena and at Dubuque. South of here about 4 miles 
the Tallant Stone and Marble Company has opened a considerable quarry in the same beds, and furnishes a rather 
coarse, uniform-textured, white, and very light gray limestone, which is easily cut, sawed, and shaped, and does not 
tarnish upon exposure. Some of the beds furnish stone which can be polished, and in places some of the beds 
contain much cherty material, while others are entirely free from it. Very large blocks are easily obtained. The 
same beds have also been much quarried at Hamilton and Niota in the same county. 

The analysis of this stone (Illinois Geological Report, Vol. J, p. 99), specimen from Nauvoo quarry, gives: 
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Throughout Adams county where these beds are found they furnish, when free from flints, a stone precisely 
similar to that at Nauvoo. They outcrop in very many places throughout the northern and northeastern part of 
the county. 

In Pike county the beds of this group, which rest directly upon the Burlington beds, furnish an excellent building 
material very like that of those beds. They outcrop, especially in the vicinity of Griggsville, where the beds are 
unusually free from flints. In Jersey county, though there are numerous exposures, they furnish no excellent 
building material on account of the number of flints they carry. In Hardin county a heavily-bedded limestone, in 
layers from 1 foot to 3 feet thick, outcrops along the Ohio River bluffs, but is not quarried for building material. 

Saint Lovis GRoup.—The beds of the Saint Louis group furnish a very large amount of- building stones of 
considerable variety in texture and properties. In Hancock county the lowest beds of the series are of a somewhat 
arenaceous magnesian limestone, generally of alight yellow or buff color, darkening upon exposure. ‘The stone cuts 
readily and can be obtained in quite large blocks, and possesses very great durability in the most trying situations. 
Large quarries in these beds were opened and extensively worked just at the head of the Keokuk rapids, on the 
Illinois side, and furnished nearly all of the riprap for lining the government canal around those rapids, beside 
considerable of the cut stone used in the locks, where it has resisted very successfully. These quarries have been 
abandoned for several years, however. This stone readily breaks into blocks for the better class of rubble, very 
square and of convenient sizes. 

Below Warsaw these beds attain a very great thickness, and are eaacaee considerably in a good many localities. 
They nearly everywhere contain minute crystals of pyrites, which decompose upon exposure and discolor the stone. 
There are also numerous exposures upon the creeks in the eastern part of the county. These same beds are also 
found in the northern and northwestern part of Adams county, where the rock is of the same character. In Pike 
county they are only found in the extreme northern and northeastern part, and where occurring furnish the same 
brown magnesian limestone, a most excellent and durable building material. 

In Calhoun county they form a continuous exposure along the river bluffs, and are everywhere a rather thinly- 
bedded and hard but very durable building rock, and would furnish an almost inexhaustible supply. 

In Jersey county the principal exposures occur along the Piasa; and on the Mississippi river, just south of the 
Piasa, at its mouth, in Madison county, are also large exposures. The beds here are nearly true dolomites, are 
often found with very heavy layers, and furnish a very excellent heavy wall stone. Some of the upper beds at 
this last locality take a fine polish, and could be used as an ornamental stone; they also furnish excellent flags. 

The bluffs at Alton present a thickness of over a hundred feet of these beds, the whole of which is quarried 
for lime and building stone. The middle and lower beds furnish some excellent hard, even, close-textured rock, in 
every respect good building material. The brecciated beds found here have been largely used for rough, heavy 
masonry, vut observation shows them unreliable for that purpose, gradually becoming separated into irregular 
fragments. 

In Saint Clair county a total thickness of about 200 feet of these beds is exposed; nearly all of good building 
material and available. Some of thé thinner beds furnish an excellent flagging, while the heavier beds contain a light 
gray, compact stone, excellent for every variety of mason work. They form the river bluffs through most of the 

southern part of the county. In Madison county the beds exposed are also dolomitic to some extent; at places pure 
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dolomites (specimens analyzed at the Smithsonian Institution, Washington, proved to be calcareous dolomites). 
They furnish everywhere an excellent material for building purposes. Occasionally the stone is sufficiently hard 
and compact to take a fine polish. : 

In Monroe county the rocks of this formation are pretty well distributed over nearly the whole of the county. 
They are extensively quarried at Columbia and at Waterloo. In the vicinity of the latter place the rocks quarried 
are especially suitable for cut-stone work of every variety. They are of a bluish-gray color, sometimes nearly white. 

In the vicinity of Columbia there is exposed in the lower division of these beds about 20 feet in thickness of 
heavily-bedded, light gray, granular limestone entirely free from flints, splitting easily and furnishing blocks of any 
required size. There are also in the lower division of these beds heavily-bedded buff limestones which make most 
excellent heavy wall-stone. These are exposed in about 100 feet thickness at and in the vicinity of Salt Lick point, 
on the Mississippi river. 

In Randolph county they also occur in the northwestern part of the county 200 feet thick and in beds similar 
to those in Monroe county. 

In Jackson county these beds furnish some good building material. 

In Union county, in the vicinity of Jonesboro’, are numerous quarries, not now much worked, of massive, 
granular, nearly white limestone, an excellent sgh: stone for ordinary situations; they are of fine appearance 
and obtainable in large blocks, but are said not to resist when exposed to frost in damp places. 

In Johnson and Pope counties also these beds would furnish excellent building material in large quantities, 
but they are nowhere worked. At Roseclair, in Hardin county, large quarries were worked for many years in 
the beds of this formation, and are yet worked, though not on so large a scale. 

Oolitic beds occur in the bluffs just below the village, and are somewhat quarried. They furnish a very hard, 
fine stone which takes a high polish, has a dark bluish-gray color, and is a very durable and handsome stone. 
Large blocks are readily obtainable. Places for several large quarries conveniently located on the river can readily 
be found here. 

CHESTER GROUP.—The beds of the Chester group expose a thickness in places of over 600 feet of alternating 
limestones, sandstones, and shales, capable of furnishing large quantities of fine building material. One of the 
sandstone beds of this group is found capping the bluffs at Alton, where it is a clear, white, pure siliceous sandstone, 
fine-grained, perfectly homogeneous, and occurring in massive beds from which very large stones might be obtained. 
It shows no tendency to discolor upon exposure. It is little quarried, and not at all for ornamental purposes, for 
which it appears very suitable. 

In Saint Clair county the lower sandstone of the group furnishes a durable stone, buff or brown in color, 
easily quarried and cut, hardening upon exposure, and obtainable in blocks of any required size possible to be 
handled. Overlying this is a thinly-bedded limestone of the same group available for common wall masonry. 

In Monroe county the lowest sandstone of the group shows in a thickness of 60 or 75 feet, generally evenly-bedded 
and uniform-textured, but occasionally concretionary. This outcrops in numerous places in the southeastern part 
of the county. Some of the limestones of the group outcrop here also, and furnish good rough building stone. 

In Randolph county, where this series finds its greatest development, the lower limestone of the series is 150 
feet thick. Itis all fit for ordinary building stone, while some of the beds also furnish excellent dimension stone for 
cut work. Some of the upper limestone beds of the series also furnish excellent material for cut-stone work. 

The Penitentiary quarry at Chester is worked in these beds, and much riprap, rough building material, great 
quantities of paving blocks, and considerable cut stone of fine appearance are obtained. 

The lower sandstone of the group is here precisely similar in characteristics to the same beds in Monroe county, 
but is here more than 100 feet in thickness. It has been somewhat quarried just above Chester, where it can be 
made to furnish blocks of great size. It is a stone of great strength and durability, and presents a uniform and 
good appearance, its color, however, being somewhat against it. 

The other sandstones of the Chester series furnish a fine-grained, soft, even-textured, buff and brownish colored 
stone which cuts with great ease when first quarried, but hardens upon exposure and changes color very slightly. 
It is a rather handsome building material. The southern Illinois penitentiary is built largely of these sandstones, 
and presents a fine appearance. 

In Jackson county, where they occur, the limestones of this group are generally too silesone and too hard to 
work, and usually furnish stone only for ordinary building purposes. The sandstones, however, can furnish large 
nannies of excellent building material. They are soft, fine-grained, harden on exposure, are durable, and usually 
of dark brown or strong yellow color. 

In Union county, when not too argillaceous, the limestones furnish good building material. At Cobden there 
is a very heavily-bedded, compact, dark blue, very hard limestone, very difficult to cut, but which would make a 
most excellent bridge and culvert material, and has been somewhat used for that purpose. 

In Johnson county the ‘sandstones of this group occur in easily workable position in numerous places, and 
would furnish excellent flagging and dimension stone. Some good building material is also obtainable from the 


limestones. 
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In Pope county, while some few of the sandstone exposures furnish a fine building material, most of the 
outcrops show the stone to be too hard and uneven. Where exposed near the Ohio river the limestones of this 
group furnish excellent building stone for the finer classes of work. 

In Hardin county some of the sandstones are very refractory and are used for furnace linings. They furnish 
also some good flagging and some fair building material. 

The Coal Measures underlie the greater part of Illinois, probably three-fourths of its territory ; the greater 
portion of the territory is deeply covered with the more recent clay deposits, and exposures are rather scarce. In 
the southern part of the area there is, however, a less depth of these deposits, and more numerous exposures, 
many of which furnish building material of some sort. Their rocks comprise here, as elsewhere, alternate beds of 
sandstones, shales, limestones, and conglomerates. Most of the sandstones are coarse and irregular in texture, and 
generally disintegrate upon exposure. In the southern part of the state there are, however, many places where 
they are hard, fine, and tolerably durable, and in many localities furnish excellent flagging and good building 
material. The limestones of the series are generally rough-textured, thin-bedded, and shaly, and in but few places 
furnish a material fit for ordinary use. In comparison with the sub-Carboniferous beds, these, however, will furnish 
but a small total amount of really excellent material. 

The points where beds in this formation have been worked are few in number and of little importance 
generally. 

Between Cobden and Mahanda, on the line of the Illinois Central railroad, and adjoining the track, is a small 
quarry in a medium-bedded limestone, which might be very greatly enlarged. The beds are regular and even, and 
the stone appears to be quite durable. 

Three miles south of Carbondale, on both sides of the little creek through whose valley the railroad runs, are 
exposures of a reddish sandstone of considerable value for building material. It is a medium-grained, even-textured 
stone, fresh fracture, dark red, weathering to a purplish-gray tint, easily quarried, but becoming quite hard upon 
exposure. At the top of the eastern bluff a large quarry was once worked but is now abandoned. The convenient 
outcrop could supply a great quantity of the material. The bed seems to be about 14 feet thick, and would easily 
furnish sawed stone 4 by 10 by 40 feet in one piece. The stone for the State Normal School building, a very 
handsome structure, was obtained at this quarry. On the west side, opposite, are excellent exposures of the same 
rock, forming a similar ledge low down on the bluff. The beds lying above this ledge are thin and hard, and furnish 
a fair flagging, which is quarried in moderate quantities at this place. 

At Xenia, Clay county, there is a small thickness of drab-colored, fine-grained, even-textured sandstone exposed 
in a creek valley for 2 or 3 miles, furnishing a fair building and ornamental stone, and is quarried and shipped in 
moderate quantities. There are also said to be sandstone exposures along Crooked creek, in the same county, of 
considerable value for building purposes. . 

At Carlyle, Clinton county, are small quarries in a rough-textured, durable limestone; and on Shoal creek, a 
few miles west of Carlyle, limestone strata of fair quality for both ordinar y and cut-stone ae) are found outcropping 
in a number of places, and are quarried in a small way. 

In Greene county are beds of sandstone which would furnish considerable quantities of fair building stone, 
and there are numerous other exposures of like character. In no place, however, are there any beds which are 
likely to prove of more than local importance. 

In the northern part of this area the covering of the rock formations is so deep and the country so level that 
large districts are without rock exposures, and depend entirely for their supply upon the means of transportation. 
The county, however, is crossed in every direction by railroads. While the resources of the state within herself 
are sufficient many times over, it is quite likely that much of the building stone for the state, especially in some 
portions of it, will be brought from Ohio and Indiana, because of its great excellence and proximity to the market. 

Nearly all the northern, western, and southern counties have ordinary building stone in great abundance and 
well distributed. 

Increased facilities for transportation have been rapidly extended throughout many of the counties richest 
in this particular commodity, which have hitherto had no railroads, and this must undoubtedly result in the 
development of considerable industries in quarrying and shipping of these materials ta the less favored districts. 

I have to acknowledge my great obligation to the Illinois geological reports for facts about much of the 
territory having no present quarrying industries, which could not be visited, and for other facts gleaned from that 
report and incorporated herein. 

MICHIGAN. 


By PROFESSOR ALLAN D. CONOVER, Special Agent. 


The state of Michigan contains rocks representing a larger range of geological formations than those of any 
of the adjoining states, but within her limits their lithological character and mode of occurrence, as also those of 
the later and looser deposits, are such that there are comparatively few points where the quarrying of stone for 
building purposes is ever likely to become an important industry, but at some of these it is of very considerable 
importance. 
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The Archean rocks occur only in the northern and northwestern parts of the northern peninsula, and have not as 
yet furnished any building stone. The Huronian subdivision, however, carries beds of very cousiderable thickness 
of slates of very great value as roofing material. These have unusual development in the vicinity of Huron bay, 
» on the coast of lake Superior, and were during the last decade opened and worked at a number of points, all in 
the same vicinity, in township 51, range 31. Several stock companies were formed, with large capital, each owning 
large tracts of land in this township, and some work was done in developing quarries, but the difficulties of 
transportation and shipment and small market for their product led to their temporary abandonment and the 
failure of the companies owning them. These beds furnish slate very readily cleavable, generally of black color, 
but also occurring in places of green, purple, and gray colors, in vast quantities, and so far as their exposures and 
the limited trial given them go to show, of very considerable enduring power, and they bid fair to be of very 
considerable value as the development of this and the adjoining states creates more market for material of the 
kind. Besides these deposits I do not know that these rocks furnish any material now used in building, or 
any whose character, so far as known, renders them likely to be quarried for that purpose even to supply local 
demand. 

Beds of limestone, altered to marble, occur associated with the granitic rocks of the Laurentian, which furnish 
very numerous handsome specimens, but do not, I believe, occur anywhere, as yet discovered, where large blocks 
of material of homogeneous character can be obtained in quantity. It is quite possible that the granitic beds 
may some time furnish valuable building material of that class, and also that the quartzites which occur in large 
quantities and are easily reached may also furnish valuable paving material where the location of outcrops of the 
suitable quality occurs conveniently to cheap transportation facilities; but as yet nothing of that sort has been 
developed. 

The Potsdam sandstone is likely to furnish the largest quantity and the best of the building material found within 
the state. Its eccurrence is mainly in the northern part of the Upper Peninsula, where very numerous exposures 
occur, especially along the lake shore. The lower beds of this formation furnish a rather coarse grained, 
homogeneous, siliceous sandstone, rather soft when first quarried, and easily hewn, but hardening on exposure. 
Its color is generally reddish, or some shade of reddish-brown, and, when uniform, renders it a very handsome 
material for outside and ornamental work. It often occurs of mottled-white or yellowish-white and red-brown colors. 
These parts of the stone are usually rejected, though some buildings have been built of them at Marquette and 
also in Chicago, and present a rather handsome, picturesque appearance. They seem to be equally durable with 
the rest. The stone usually occurs in approximately horizontal but usually very uneven beds, and is always 
readily obtainable in large masses. In most places where quarried the stone carries occasional, sometimes 
numerous, pockets of clay of very various sizes, which considerably affect its value by causing much waste and 
rendering the stone unreliable. Where free from these, however, the stone is a durable and reliable one, and 
always commands a high price and a‘considerable market in all the large lake cities. 

It was, during 1880, only quarried regularly at one quarry, which is within the city of Marquette. Numerous 
attempts to quarry elsewhere have usually failed, principally from the difficulty of obtaining a safe harbor at the 
quarry spot. This difficulty is very likely, however, to be overcome, so that quarries will be opened in numerous places. 
These beds occur especially in the vicinity of Marquette, in many places along the lake shore, west of Keweenaw 
point, and also near the eastern end of the coast of lake Superior along the lower valley of the Laughing Whitefish 
river and the country around it. In this latter locality the stone is very hard, compact, reddish, or speckled, is 
heavily-bedded, readily splits to required thicknesses, and is especially suitable for heavy masonry, but, because of 
its hardness, not well suited for an ornamental building stone. It is found underlying a very large territory and 
is easily obtainable almost everywhere. 

The Calciferous group occurs in the Upper Peninsula only where it extends in a very narrow band from a 
point some distance northwest of Menominee, northeastward, swinging to the east, to the extreme eastern end of 
the peninsula. It exposes an extreme thickness of about 100 feet of calcareous sand-rock of very variable character, 
the more calcareous beds of which sometimes furnish good building material in rather thin beds and blocks of 
moderate size. They are, however, nowhere regularly worked as yet, the country they underlie being still entirely 
a wilderness. 

The Trenton group is represented on the Upper Peninsula by beds of perhaps 100 feet greatest thickness of 
thinly-bedded shaly limestones, which have nowhere been discovered of such character as to furnish a first-rate 
building material. At places it is thick enough and sufficiently even bedded to quarry out in good shape, is of 
compact or crystalline structure, but everywhere yet worked contains too many irregular argillaceous seams to 
render it a safe and reliable building material. It also extends in a narrow band from west to east, through nearly 
the whole extent of the peninsula, just south of and adjacent to the band of Calciferous rocks. It is crossed by all 
of the important streams flowing into lake Michigan, and, in most cases, forms upon them falls or rapids of 
considerable extent, so that exposures are very numerous. To the southward lie the Niagara beds, in a similar but 
wider band, which covers most of the southern part of the Upper Peninsula, extending from Big Bay de Noguette 
eastward to the limit of the state. They furnish usually a hard, compact limestone, often in very heavy beds, but 
generally containing so many seams of argillaceous material as to render them liable to split and crack under the 
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action of frost. Some of the beds are free from these seams. Most of the region where these beds occur is a 
wilderness, and the beds are, moreover, heavily covered with drift, except where the streams have cut their way 
through. A few quarries have been opened and worked to a limited extent. 

The beds of the Hudson River shale, lying in a narrow band of country between the last-mentioned formation, 
are everywhere too soft and too easily affected by weather to be of value as a source of building material, and 
can never be expected to supply material fit even for ordinary purposes. 

The Helderberg group furnishes limestones of considerable hardness in places, but everywhere occurring in a 
brecciated condition which renders them unfit for building material. 

In the rocks of the Onondaga Salt group there are on the Upper Peninsula some beds of fair gypsum, and 
quarries were formerly worked in them near Point aux Chénes, but were long ago abandoned. This completes 
the list of the rock formations of the Upper Peninsula. 

Passing southward through the Lower Peninsula, we cross successively the beds of the later formation to the 
basin filled by the Coal Measures, which cover a disk-like area in the southern-central part, around which the earlier 
formations occur in concentric rings. 

The rocks of the Helderberg group occur on the Lower Peninsula at its northern extremity and upon the 
adjacent islands, and everywhere furnish impure limestones of some value for lime, but so brecciated as to be 
entirely unfit for any building purposes, except the lightest and most ordinary cellar masonry. They occupy also a 
small area in the southeastern course of the Lower Peninsula, and there furnish beds of some considerable value. 
At Trenton, near Detroit, in Monroe county, is a very extensive quarry in these beds. They furnish a somewhat — 
impure limestone, occurring in beds from 1 inch to 12 inches thick, from which no large stone can be obtained 
owing to numerous dry seams which occur throughout the mass. The heavier beds only are utilized for building 
material, and are close, compact, and rather fine grained, sufficiently hard to take a fair polish, but fit only for 
ordinary rubble work, while blocks selected with the greatest of care furnish material fairly fitted for such 
ornamental work as caps, sills, etc. Very little of the material, however, is utilized for such purposes. 

Upon Macon creek, in the valley, are a number of small quarries in the beds of this formation which expose a 
total thickness of about 8 feet of beds 6 inches to 2 feet in thickness, and a much more compact, gray, crystalline 
limestone of considerable strength, and very free from the dry seams found in the rock at Trenton. The beds in 
the valley are covered only by from 2 to 6 feet of loose earth and can be very easily quarried. They furnish 
excellent material for all ordinary mason work and for very good-appearing cut-stone work, though somewhat 
difficult to hew. Some of the upper beds in this locality are also brecciated. 

A sandstone bed of small thickness also occurs among the beds of this age which in places contains a 
considerable proportion of calcareous cement, and is a firm, compact rock obtainable in fair-sized blocks, nearly 
pure white, and to all appearances a fair and quite handsome building material. This bed was seen at the surface 
on Fritz Rath’s farm, near Raisinville. There are also in the limestones a number of small quarries along the valley 
of Raisin river and Plum creek which furnish good building material. The most important of these are at Monroe. 

There are in the southern part of the Lower Peninsula no beds representing the Hamilton period, but in the 
northern part they occur in great thickness and form the surface rock over a very considerable area adjoining 
that of the Helderberg group, and extending across the whole width of the state. They consist of alternate beds 
of limestones and shales, some of the former furnishing fair building material, quarries in which are worked at 
Alpena and vicinity. The stone obtained is very hard, compact, and durable, but is obtainable only in moderate- 
sized blocks. It is well suited for all ordinary plain ornamental stone-work, but has a rather dull, light drab 
color, rendering it not very attractive for the latter. It appears every way a durable and reliable stone. It is not 
obtainable anywhere in large quantities, but in numerous places supplies the local demand for common building 
stone. Where it outcrops along the shore of lake Michigan it can be quarried in several places and loaded directly 
upon barges in the lake. 

The black shales, next in order in the geological series, furnish no material for construction. 

The Waverly group, next succeeding, is by far the most important of the series in the Lower Peninsula, and 
furnishes a large proportion of the good building material obtained. The rocks of the group consist of alternate 
sandstones and shales; the sandstones, which furnish the building material, vary considerably in texture and 
composition, but furnish in many localities valuable building stone. 

Along the south shore of Saginaw bay from Point aux Barques southwest there are numerous exposures of 
the sandstones of this group. At the point itself a thickness of about 16 feet of these strata is exposed, which 
would furnish excellent building material. 

At Grindstone City, just southeast, are other exposures which are extensively worked for grindstones, for which 
they furnish excellent material. Some of the stone has been used for building purposes, but it has more value for 
its present use. 

There are numerous exposures elsewhere, especially in Jackson and Hillsdale counties, very few of which have 
been much worked of late years. The increase of railroad facilities has greatly increased the use of the superior 
Ohio stones. The most notable quarry in the formation is that at Stony point, in Jackson county, where a 
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thickness of about 40 feet of fine-grained, buff-colored sandstone, very soft and easily dressed, but hardening upon 
exposure and retaining its color well, is quarried under very heavy clay stripping, and blocks of any required 
dimensions are easily obtained. | 

Beds of the same formation are also exposed at and near Jonesville, Hillsdale, Osseo, Moscow, Homer, and 
Condit station, in the same region, and on Black river, near Holland, Ottawa county, farther northwest. There are, 
however, no very important quarries, and at only a few of these places can really good stone be obtained. 

The Carboniferous limestone at the base of the Coal Measures has a comparatively small development in this 
state, and nowhere furnishes building material of much importance. There are quarries in these beds at and near 
Bellevue, Eaton county, and north of Jackson, at the junction of Grand and Portage rivers. At these places the 
beds furnish pure, light-colored limestones in beds of moderate thickness, avery fair building material for ordinary 
uses. These beds also occur on some of the islands on the east side of Saginaw bay, and furnish an excellent 
building material for foundation walls. 

The sandstones of the Coal Measures sometimes furnish very good building material. The most noteworthy 
quarry in these beds is that near Ionia, Ionia county, where a bed of dark red and mottled yellow or white and red 
stones occur in horizontal position in layers of moderate thickness, and furnish an easily-quarried, medium-grained, 
easily-cut, and hardening sandstone in blocks of considerable size, and a very handsome building material. The 
beds from the lower part of the quarry are of an even brown color; those near the top are mottled. This stone has 
been much used in the vicinity both for ornamental and heavy masonry purposes, and has proved itself well suited 
to all classes of building construction. A very handsome church edifice has also been built of the brownstone at 
Detroit. Beds of these sandstones are also found at Jackson, where they are somewhat quarried, and near Lansing, 
at Grand Ledge, and at Flushing, near Flint, but they are nowhere regularly worked, nor do they furnish any very 
desirable material. 

The resources of the southern peninsula in building stone are comparatively very limited, except in such 
ordinary grades of the material as are necessary for house-foundation purposes, and even for that purpose stone is 
frequently lacking in very large districts. This isin part compensated for by the numerous railways which traverse 
the state, the close proximity of the numerous excellent building stones of Ohio, and the cheap lake transportation 
by which the resources of the Upper Peninsula can be reached. 


WISCONSIN. 
By PROFESSOR ALLAN D. CONOVER, Special Agent. 
SILURIAN. 


The great bed of Silurian rocks which almost completely encircles the Archean area of northern central 
Wisconsin had previous to the census year furnished practically all of the building stone quarried within the 
state. Every one of the grand divisions of the belt furnishes in one or more localities material fit for ordinary 
building purposes, though stone suitable for the finer class of work is as yet quarried at but few places. Within the 
Silurian area, to which the more thickly-settled portions of the state pretty closely correspond, except where a 
very deep covering of glacial drift exists, there are but few regions where rock fit for the most ordinary building 
purposes cannot be obtained everywhere within a few miles, and almost every large town or city has within its limits, 
or near by, quarries of sufficient capacity to supply its own most pressing needs for that sort of building material; 
but there were previous to 1880 no localities (except at Bass island in the Lake Superior region) where building 
stone had been quarried in any quantity for export beyond the state, (a) and but few where it had been quarried 
for other than a local market. There are indeed but few places where the Silurian formations yield large quantities 
of easily-obtainable stone of such character as to be in very general demand. The Niagara group furnishes several 
of these places in the vicinity of Milwaukee; the Trenton group (Galena limestone), a number along the Lower Fox 
river and Duck creek, in Outagamie and Brown counties; the Saint Peter sandstone, a barely possible one at Red 
Rock, near Darlington, La Fayette county; the Lower Magnesian but one, at the Prairie du Chien quarries and in 
their immediate vicinity, Crawford county; and the Potsdam sandstone, in the Apostle islands, and possibly along 
the coast of Bayfield and Douglas counties. 

PoTsDAM.—The main body of Potsdam sandstone in southern Wisconsin is made of a medium-grained, somewhat 
rounded, siliceous sand, the particles cemented together either by a fine siliceous powder of the grains themselves, 
or by a coating of carbonaceous or ferruginous cement. Where the first is the cementing material the stone is 
exceedingly friable and useless as a building material, but where the cementing material is either of the other two, 
the rock is generally of a compact and durabie character and furnishes some excellent building stones. Sections 
of this formation in different parts of the state show a varying thickness, reaching as much as 700 feet in the central 
southern part. Of this the middle and by far the greater part is loose friable stone, much of it easily separated 
into sand by light blows. Exceptions to this occur in numerous places where the sandstone was deposited close 








a A temporary exception to this statement occurred during a period of about two years after the Chicago fire, when such building 
stone was sent into Chicago from a number of quarries in southeastern Wisconsin. 
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to the Archzean area, as at the Stevens Point quarries, and those near Grand Rapids, at which last place the stone 
is a very valuable one, and is referred by Professor Irving to the middle portion of the Potsdam. Another 
exception of like character occurs along the quar tzite ranges of the Baraboo region, where many facts go to show 
the probability of two separate sandstones laid down at different periods. 

Wherever, along the quartzite ranges of that region, the sandstone is found resting immediately upon the 
quartzite it furnishes a medium-grained, compact, massive sandstone of great durability, which can be quarried in 
very large blocks, is of uniform texture throughout, free from flaws, and of colors from light straw and nearly 
white through various shades of light pink, the varying colors being due mainly to changes in the cementing material. 
The two large quarries in this sandstone at Ableman’s have furnished a very large amount of stone for bridge and 
culvert purposes along the line of the Chicago and Northwestern railroad. The hardness of the stone and consequent 
difficulty of dressing have so far prevented its use for general building purposes. There is a large number of 
localities throughout the same region where this stone occurs, and it everywhere presents the same character, and 
has in many places been quarried to the extent of a few cords. 

The upper beds of the Potsdam also furnish in the southern part of the state two layers—one of sandstone 
underlaid by the other, an impure dolomitic limestone—which immediately underlie the Lower Magnesian limestone, 
and occur everywhere just below the base of that formation wherever the latter is exposed in the half circle 
in which it comes to the surface. These beds have been given the name of Madison sandstone and Mendota 
limestone. 

The Madison beds, wherever they occur, are rarely less than 35 feet thick, often more, and furnish frequently a 
slightly caleareous sandstone, which is generally a very good building stone, although never occurring in layers of 
a thickness suited for large ornamental stone. It is of various shades, from yellow to a light dull brown, and has 
been much quarried wherever found, because of the ease with which it can be shaped into appropriate forms. It 
gradually hardens and changes upon exposure to a rather dull yellowish-brown, and has been quite extensively used 
at Madison and in the surrounding country, and in many villages in the region where it occurs. 

The Mendota limestone is equally persistent in occurrence throughout the same area, and includes a total 
thickness of from 20 to 45 feet in different localities. It furnishes a stone varying from nearly white through all 
shades of yellow to dull brown, is quite regularly bedded, occurring in layers up to 5 feet in thickness, and is 
more extensively quarried than the Madison sandstone, since it can also be burned for lime, of which it furnishes a 
very fair quality. Wherever it occurs it furnishes valuable building material, especially for heavy work. 

The Potsdam sandstone of the region of lake Superior is of a character somewhat distinct from that in southern 
Wisconsin. Its rock where exposed in Wisconsin is composed of siliceous grains, medium to somewhat coarse, 
held together by a cement usually either ferruginous or argillaceous in its character, and is generally stained from 
yellow to deep brown by the ferruginous matter. It furnishes a very handsome building stone, and is quarried in 
masses of almost any required size. The chief difficulty with the stone as a fine building material arises from the 
fact that it contains, wherever yet quarried, numerous clay pockets which are liable to badly pit the finished surface. 
They are likely to be found anywhere in the stone when it is worked, and where ornamental relief work is being 
done the nearly-completed piece is often entirely spoiled by opening into one of these pockets, or the completed 
piece is badly defaced by the subsequent breaking away of a thin skin of sandstone and the dropping out of the clay. 
The difficulties which arise in this way can, of course, be partly overcome by having all the cutting, shaping, and 
finishing done at the quarries, thus saving the cost of transportation of useless pieces. This characteristic of the 
stone has proved a great drawback to its general use. Many exposures from which the stone could be readily 
quarried and shipped directly upon vessels are found on the islands of the Apostle group, and some are found 
along the coast of Bayfield and Douglas counties. 

At Bass island (Apostle islands) a large quarry was opened in this sandstone, and was extensively worked 
during the first three or four years of the last decade. Quite heavy stripping of clay is required, and below this 
there is exposed a quarry face of 26 feet of good stone; below this the stone is inferior. In this depth there are 
three layers which in places unite. The joints are inclined about 60° and are spaced about 50 feet apart. Between 
these and within the beds the stone is uniform in texture and color, and without seams or cracks. It is of very 
much the same grade as the Marquette stone, but free from its vexatious variations of color. The quarry has been 
abandoned for several years, and was not worked during the census year. 

LoWER MAGNESIAN.—The Lower Magnesian limestone forms the surface stone over a very large semicircular 
band everywhere skirting the wide Potsdam belt. Its beds consist largely of a quite siliceous dolomitic limestone, 
sometimes nearly pure, the siliceous or arenaceous material sometimes predominating. Ina great many localities it 
furnishes a rather rough and irregularly but heavily bedded limestone, a good material for heavy masonry, and it is 
quarried in a large number of places, though nowhere very extensively. In a few localities a very excellent building 
stone has been quarried from it, usually from its lower or lowest beds. The most noteworthy of the places are the 
southern part of the town of Westport, Dane county, just west of Bridgeport, near Prairie du Chien, Crawford county, 
and at the summit of the Mississippi River bluffs, in the vicinity of La Crosse, La Crosse county, and northward to 
a point across the river from Winona, Minnesota. In the town of Westport, Dane county, is a number of quarries 
of considerable size, not much worked during the census year, which were nearly all opened for the purpose of 
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supplying stone for the Insane Hospital building located in that township. They were opened in the lowest beds 
of the Lower Magnesian, just above its beds of separation from the Potsdam. The Venhusen quarry has supplied 
the greater part of the stone for the hospital building, a heavily-bedded, compact, hard limestone of rather fine but 
. slightly uneven texture, in color varying from very light straw to light buff when dressed, and having occasional 
small sand-pits. This stone does not discolor upon exposure, and its chisel marks remain after more than 20 years 
apparently as sharp and definite as when the stone was first built into the wall. This quarry is a very difficult one 
to work because of very heavy stripping. 

O’Malley’s quarry, 14 miles northwest and not far from the horizon, furnishes a whiter, clearer stone. A 
considerable thickness of good rubble stone is succeeded by some heavy beds, 28 inches thick, which were 
quarried for the face stone of the United States court-house and post-office at Madison. This is a hard, somewhat 
arenaceous, white, uniform-textured stone, which an exposure of over ten years in that building has only turned 
to a very delicate straw color. It was somewhat hard to dress, retains its chisel marks unchanged, and shows no 
tendency to scale off on the dressed surface. ° 

[The trimmings of the post-office water-table caps, sills, joints, etc., are of selected stone from one of the 
Joliet, Illinois, quarries, and have scaled off in large thin scales, entirely defacing the tool marks.] 

This stone is by far the handsomest stone quarried in southern Wisconsin, except at Waukesha, in the vicinity 
of Milwaukee. 

There are several smaller quarries in these beds and numerous places in the locality where quarries equally 
good could probably be opened. The Chicago and Northwestern railway traverses the town, and is not farther 
than a mile from these quarries. 

At the Bridgeport quarries, near Prairie du Chien, the Lower Magnesian limestone is also quarried quite. 
extensively in Marsden’s quarry. The beds quarried cannot be many feet above the base of the formations. They 
have a ledge near the crest of the river bluffs, just west of the village, which is there perhaps 80 feet above the 
river, and dips gradually westward, coming to the level of the river valley before it opens upon the Mississippi 
river. Numerous quarries have been opened in this ledge and large quantities of stone removed, but all the quarries 
except Marsdew’s have been abandoned, and an examination of them indicates that probably none of them could 
be worked profitably, except for an unusually favorable market. One or two places remain where good quarries 
could probably be opened. 

The stone quarried from the heavier and more regular beds is a nearly white, somewhat creamy-tinted limestone, 
which does not iron-stain or change much upon exposure, except to take a slightly gray dust-colored hue. It 
dresses rather easily, and seems to harden somewhat on exposure. It is on the whole an excellent stone for all building 
purposes where a very fine finish is not required. This and the adjacent quarries furnished the stone for the state 
capitol, and from this quarry the stone for the extension of that building, now in process of construction, is taken. 
Large quantities of dimension stone are also now being shipped from here to Minneapolis, Minnesota, and much 
stone furnished for bridge work upon the Prairie du Chien and River divisions of the Chicago, Milwaukee, and 
Saint Paul railway. 

On the bluffs next the river valley, and near their summit, in the region around La Crosse, there outcrops and 
is quarried a limestone (lower beds of Lower Magnesian) the lower beds of which yield a clear, creamy-white tinted 
stone, very fine-grained and of quite uniform texture, which makes a very handsome ornamental building stone. 
At some places it is pitted with occasional sand-holes, but at others stone of considerable size can be obtained free 
from these imperfections. It can be very readily worked into different shapes and even carved in fine figures in 
considerable relief. 

There are doubtless many other localities where these lower beds of this formation yield equally good stones 
with those here described, but no other extensive quarries have, so far as I have been able to learn, been opened 
in them 

SAINT PETER SANDSTONE.—The Saint Peter sandstone consists almost everywhere of somewhat rounded 
siliceous grains, sometimes entirely uncemented, forming beds of very pure sand, and sometimes cemented to a 
quite hard and durable stone, which is everywhere, however, where I have seen it exposed, very much cut up by 
irregular seams or joints, themselves filled with arenaceous material dividing the rock into angular fragments. 
The material of these seams, however, sometimes cements the fragments well together. The rock has some slight 
use as a building stone in the town of Portland, Jefferson county, and in the southwestern part of the state, but 
only for cellar-wall purposes. 

At Red Rock, in the valley of the Pecatonica, in southern Iowa county, near Darlington, there is a remarkable 
exposure of this roel which appears to have been an upheaval. 

In the north aie of this exposure a large quarry was opened in 1872 by William T. Henry, of Mineral Point, 
which was worked only one season. The stone was shipped to Chicago, but the heavy freight charges prvented 
the business from paying, and the quarry has remained unworked since. Better freight rates can now be had to 
Chicago and Milwaukee. Some of the stone has been sent to Chicago for trial, and if it meets with favor there 
the quarry is likely to be opened on a large scale. The stone can be obtained in blocks as large as 6-foot cubes, 
apparently without flaws. It is, however, much cut up- by the fine, irregular seams alluded to above, and it seems 
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doubtful whether the desirable deep tint of brown is the color of more than a small portion. The stone in the 
railroad cut approaches a brick-red in color, and this grades to a deeper color, nearly brown at the quarry ‘spot, 
beyond which it gradually passes into a erayish-pink. It is in general appearance much the handsomest building 
stone found in that part of the state, but some considerable stripping of worthless stone will be required should 
the quarry be extensively worked. 

TRENTON GROUP.—The Trenton group in Wisconsin contains two rather distinct divisions—the Trenton 
limestone and the Galeua limestone. 

The Trenton limestone or blue and buff beds furnish, wherever they occur in the southwestern part of the state, 
in what is called the Lead region, an excellent and durable building stone, but not often a handsome one. The 
buff beds, the lower, occur in layers from 6 inches to 2 feet, and sometimes thicker, and furnish a rather coarse, 
hard, somewhat unevenly-textured stone which is not difficult either to quarry or to shape and work. Its color, 
owing to uneven leaching, is usually, or at least often, blue at the center of the layer, but a decided buff for some 
inches from the bedding-planes, while often stone taken from near the natural surface is leached throughout to 4 
buff color. The blue beds in that region usually furnish a very thinly-bedded, hard, dark grayish-blue to dark drab, 
fine-grained, often fossiliferous stone of pretty uniform texture, rarely occurring in layers thicker than 10 or 12 
inches and not obtainable in very large blocks. Atsome places these beds remain unchanged by leaching, at others 
the leaching affects their color almost as much as it does the buff beds. They furnish very hard, durable stones, 
which are very hard to dress, but take a very fine, soft-feeling polish, and often, because of the fossils included, 
present a very handsome appearance. These beds have been considerably worked at many points in the Lead region, 
as at Mineral Point, Darlington, Mifflin, Platteville, Highland, ete. There are, so far as I could learn, no quarries 
now worked on a sufficient scale, or enough distinguished in former working from hundreds of others, to warrant a 
special report. 

In the adjoining parts of Saint Croix and Pierce counties there is a considerable area where the bluffs are 
everywhere capped by the Trenton limestone, often only the buff beds; and this is quarried in a number of places, 
notably at Gibson’s quarry, near Hudson, and in Walker’s guarry, at River Falls. They present here almost 
exactly the same physical characteristics as in southwestern Wisconsin, and furnish an excellent and durable 
though not a handsome building stone. Owing to their position close to the surface the beds are more generally 
leached to a solid buff color. 

In the southeastern and eastern portions of the state the blue and buff beds present very little marked difference 
in texture and physical characteristics, the heavier and more regular beds being still characteristic of the lower 
beds or buff, and that being much the more profitable portion of the formation for quarrying. The blue beds 
generally furnish little or no material fit for other than the commonest masonry, while deep quarrying into the buft 
(away from the originally-exposed surface) often develops a bluish graystone of rather rough, uneven texture, but 
suitable for a fair quality of the ordinary ornamental building stone. The quarries in these beds in the eastern and 
southeastern parts of the state, upon which special report has been made, are those at Beloit, at Janesville, and at 
Neenah and Menasha. Along the line of its outcrop, as it passes from the northeastern part of the state southwest 
and then bends to the westward and southwestward, and also where it outcrops in the Lead region, are very 
arenaceous small quarries. 

The upper bed of the Trenton group, the Galena limestone, is the surface formation over a large area in the’ 
Lead region and extends in quite a wide band southeastward into Dlinois, then bends to the northward nearly 
parallel with lake Michigan, and at a distance of from 25 to 50 miles inland to and across the state line into northern 
Michigan. 

In the central and eastern part of the Lead region the stone of this formation is everywhere of the same brown 
or yellow color, often much iron-stained, and also somewhat rotten and honey-combed throughout with large cavities 
often an inch or more in diameter, almost everywhere unfit for any building purpose, though sometimes compact 
enough for rough cellar-wall work, and is occasionally used for that purpose. 

There are several horizons, however, at which, when it is exposed, it furnishes an excellent, heavily-bedded, 
rather coarse-textured, strong and durable building stone, well fitted for ordinary and heavy masonry. These 
beds outcrop at Cassville and along the Mississippi River bluffs in western Grant county, and in numerous other 
places in that part of the Lead region. 

In the southeastern part of the state for some 60 miles north of the state line the Galena limestone has the same 
physical characteristics as distinguish it in the central part of the Lead region. 

At Watertown, however, beds of sufficient firmness and freedom from honey-combing are found to furnish a 
fair building material. From here northward the stone gradually undergoes a change, mainly through the addition 
of argillaceous material, which very materially affects for the better its appearance and usefulness as a Duilding 
stone. 

At Waupun a large quarry was once worked in this formation, which furnished an axvellent coursing stone. 

At Oshkosh are two large quarries which furnish a dark drab stone of considerable hardness and durability, 
but which dresses with much difficulty, and has been little used heretofore for facing or for ornamental purposes. 
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Northward from here there are no noteworthy quarries in this formation until we reach the rapids in the Fox 
river at Kaukauna, where large quarries have been opened and great quantities of unusually large dimension stone 
taken out. Here is opportunity for opening many extensive quarries in stone of a most excellent character for all 
mason work, except that requiring the very finest of finish. 

Many of the government locks on the Fox river have been built with this stone and others are to be built. 

The stone is a medium-textured, light drab or gray limestone, and occurs in beds from 6 to 30 inches thick, from 
any one of which it can be split in almost any required size, and it can be quarried for dimension material almost 
if not quite as cheaply as for rubble. 

The quarries at Duck creek, on the Chicago and Northwestern railway, near Green Bay, are in exactly similar 
rock, and-have furnished the railway with large quantities of a most excellent stone for bridge purposes. 

NIAGARA GROUP.—The Cincinnati shales, é. ¢., limestones, furnish no building stone. The only Upper Silurian 
formation in Wisconsin furnishing any building stone is the Niagara limestone. This formation is the surface rock 
in a strip of country 30 to 50 miles wide along the shore of lake Michigan. There are four well-recognized subdivisions 
of the formation, which maintain the characteristics with considerable persistency throughout the whole country 
where the formation is exposed: 1. Guelph beds; 2. Racine beds; 3. Waukesha beds; 4. Mayville beds. 

The lower of these, the Mayville beds, forming the surface rock in the country adjoining that immediately 
underlaid by the Galena limestone, contain some beds which furnish stones fit for ordinary building purposes, but 
no especially noteworthy quarries. In the upper part of these beds there is, in some places in Fond du Lac county 
and the counties immediately adjoining, a very pure calcareous sandstone, whose occurrence has been mentioned 
in the reports upon the quarries in the vicinity of Fond du Lac. It is a pinkish-gray stone of varying compactness, 
which cuts with very great ease and seems to harden some upon exposure. It would be a valuable building stone 
but for the fact that no spot has yet been found yielding a large quantity of stone of even a tolerably uniform 
character, or from which pieces of large size could be taken out. 

The Waukesha beds throughout Waukesha county furnish a hard, compact, very light drab, sometimes nearly 
white dolomitic limestone, which yields an excellent, fine-appearing, and durable building, stone suitable for all 
grades of construction. It is quite a hard stone to cut and finish, but presents a handsome appearance when dressed. 
The typical occurrence of these beds is in very thin sheets, from 1 inch to 6 inches thick, very well fitted for flagging, 
but these often unite to form much heavier ones, furnishing stones of almost any ordinarily required size. The 
quarry of the Hadfields, at Waukesha, is the largest and most worked, and sends considerable quantities of stone to 
Milwaukee and many other Wisconsin towns. In the quarries owned by these gentlemen the typical Waukesha 
beds yield flagging stones and heavily-bedded building stone. Throughout the country where these beds occur are 
numerous excellent quarry spots awaiting development. South of this point there is a considerable quarry, 2 miles 
from Genesee station, which furnishes some stone rather easier to work and somewhat freer from slight defects 
than the Waukesha. 

Northward also from Waukesha these beds have been worked at a number of places and furnish fine flagging 
material especially. In the country to the northward where these beds emerge from under their intermediate heavy 
drift covering their stratigraphical equivalent presents three very well-marked divisions, the first only of which 
furnishes any considerable amount of valuable building stone. This division, called Byron beds, from having its 
most marked exposures in the town of Byron, Fond du Lac county, forms in that county what is called “ the ridge” 
and ‘the ledge”, a considerable rise of ground, with an abrupt and rocky western face, which runs southward, 
swinging somewhat westwardly, just east of Fond du Lac, and which is quarried at numerous places near that city, 
as, notably, at Eden and Oak Centre, and at Sylvester, in Green county. Here good building stone—a compact, 
medium to fine textured and quite homogeneous limestone—is obtained for ordinary and ornamental purposes, 
though somewhat hard to shape, and fine flagging stone of any required thickness between 1 inch and 8 inches. 
Many quarries have been opened in the ledge, but only a minute fraction of the easily-quarriable stone has been 
as yet uncovered. These beds pass to the east of lake Winnebago, through Calumet county, where they occur 
in places as a very pure white and sometimes handsomely-mottled stone, which is locally called marble, and can 
be polished fairly well, presenting a handsome appearance and being well fitted for ornamental building stone. 
The two upper divisions furnish very little material fit even for ordinary building purposes. 

The Racine beds, which rest upon the Waukesha beds at the south and the upper coal beds at the north, are 
the surface rock along and parallel to lake Michigan, from the state line on the south to the extreme end of Door 
county on the north, attaining in places a width of 30 miles.- They are beds of quite pure dolomitic limestone, and 
present a great variety of texture and structure, from a porous, granular, and irregularly-bedded to a fine, compact, 
homogeneous, and evenly-bedded rock. They are very extensively quarried, and furnish most excellent common 
and fine building material at a great many points, notably at Milwaukee, Cedarburg, Grafton, Sheboygan, and 
Manitowoc. The Racine quarries in these beds have furnished large quantities of ordinary building stone and 
stone for lime, but very little material well fitted for ornamental and the finer classes of stones. The Milwaukee 
quarries furnish every grade of building material and almost any necessary size, and are remarkable for the great 
depth of excellent building stone which their working has developed. 
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The Guelph beds, forming the uppermost series of the Niagara group, have pretty much the same general 
physical characteristics as the Racine beds upon which they rest. In a number of places they furnish excellent 
building stones, similar to those of the Racine beds. Theyskirt the shore of lake Michigan as far north as Kewaunee 
county, and are somewhat quarried at Cedarburg and Grafton, and at Sheboygan. 

The Niagara group as a whole furnishes by far the largest number of extensive quarries of any formation in 
the state, and almost the only ones, except the few in the Archean, in which the depth of excellent stone is more 
than a few feet, and which therefore warrant the expenditure of large sums of money in removing the covering. 
For this reason the number of places in this formation where quarries can be profitably worked is very large. 

None of these quarries as yet opened are in convenient proximity to the lake, so that the development of these, 
as well as of all those valuable Archean quarries inland, will depend upon transportation facilities furnished by 
railroad companies. 


ARCHZAN. 


The vast area in northern central Wisconsin which is underlaid by the Archean rocks is almost everywhere 
covered with an irregular but heavy covering of glacial drift, and there are large areas where rock exposures are 
very rare. <A large part of the stones of this formation are of a character unfit for building or ornamental purposes. 
Several Jocalities have, however, been pointed out by Professor R. D. Irving in his report upon the geology of 
central Wisconsin (Wisconsin Geological Report, Vol. I1) as likely to furnish valuable building and ornamental 
rocks. 

At Little Bull falls, on the Wisconsin river at Mosinee, Marathon county, are large rock exposures of a greenish- 
gray mottled syenite, much of which would furnish a handsome and excellent building and ornamental stone, and 
which could be quarried with great ease. A very similar rock is found on the Eau Claire river, at the crossing of 
the Stevens Point and Wausau road, but is here coarser than that variety of the Little Bull Falls syenite which is 
best fitted for building purposes. 

A short distance west of Wausau, in the southeast quarter of section 21, township 29, range 7 east, is a small 
granite quarry owned by Mr. Kolter, on which a special report has been made. The stone has some considerable 
local value. The ridge upon which this quarry is located extends 3 or 4 miles. A rock very similar to this is also 
found on the south side of the valley of Little Rib river, on the southeast quarter of section 29 in the same township, 
but it is not exposed. 

At the falls of Rib river there is found a heavily-bedded greenish syenite, which breaks readily into rectangular 
blocks. 

In the valley of the Wisconsin river, around Grand Rapids, Wood county, there are numerous exposures, 
natural and artificial, of reddish granites, some of which could be easily quarried for building stone, but most of 
them show a decided tendency to decompose upon exposure. At Grand Rapids there is exposed in the bed of the 
river, at low water, a deep red, handsome granite, which would probably have considerable value as a building 
stone, and could be quarried quite readily during times of low water. The amount of quarriable rock is not, 
however, very great. 

In the valley of Yellow river are some exposures which merit special attention. 

In Hemlock creek, at the crossing of the wagon-road from Grand Rapids to Dexterville, is a fine-grained, flesh- 
colored granite, which, though showing some tendency to weather and even to stain, would furnish a very 
handsome, readily-dressed rock. 

On Yellow river, at Big Bull falls, on sections 15 and 16, township 24, range 3 east, are large exposures of a 
medium-grained red granite extending along the bed and banks for a quarter of a mile. It is an unusually 
fine stone, taking a handsome polish. Polished specimens were exhibited in the Wisconsin collection at the 
centennial exhibition at Philadelphia, where they were regarded as among the finest of the polished granites 
exhibited. . 

On section 3, township 22, range 5 east, 3 miles north of Dexterville, there is in the bed of the river a greenish- 
gray quartz-porphyry similar in texture to those of the isolated Archean patches in the southern part of the 
state. 

At Black River Falls there is in the bed and along the bank of the river a continuous and large exposure of 
medium-grained pinkish granite. There are several spots where extensive quarries could be opened. The Chicago, 
Milwaukee, Saint Paul, and Ohio railroad crosses the river at the town, and convenient facilities for loading and 
transporting the granite could probably be arranged for. Specimens of this rock were taken. 

On Black river, in the stream, about 1 mile above Black River station, is a ledge 25 feet high and 150 feet 
long of fine-grained, dark reddish granite. 

Above the mouth of its east fork there are exposures and ledges of red granite as far as to French’s mill, in 
section 25, township 23, range 3 west. At the mill the exposures are large; the stone is reddish, fine-grained, 
and uniform-textured, and would make a handsome building material. 
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Three-quarters of a mile west of Neillsville, where the wagon-road crosses Black river, on southwest quarter 
of section 15, township 24, range 2 west, is a fine grained, light pinkish, slightly gneissoid and very quartzose 
granite, hard and compact, and which appears to be a very fine ornamental granite. 

The gneissoid and red granites of Black and Yellow rivers resemble one another closely and appear to be directly continuous with 
one another underneath the sandstone, which nearly everywhere between the two rivers is the surface rock. Occasionally the crystalline 
rocks come to the surface in the interval, and are then of the same character as in the rivers, as for instance op O’Neill’s creek, in section 
182, in township 24, range 1 west, Clark county, where red granite is exposed; and on a high bluff in the northeastern part of township 23, 
range 2 east, whose upper portions are reported to be of red granite, with sandstone layers at lower levels. (a) 

- These notes show quite conclusively that there is in the southern and southwestern parts of the main 
Archean area of central Wisconsin and its branches a large number of localities where are found granitic and 
syenitic rocks of excellent quality for building and ornamental purposes, in many of which the rock can be readily 
quarried, and it seems probable that in course of time these stones will find their way into the market. 

Beside the main Archean area there are in the southern central part of the state a number of small patches or 
islands of granite, quartz-porphyry, and quartzite projecting through the overlying Silurian rocks. Previous to 
the census year no regular quarrying had been done in these rocks, but at the close of that year a great demand 
arose in Chicago for paving stones of a durable character, which led to the opening and working for that purpose 
of several quarries in these outlines, which happened to lie near the means of transportation to that city. 

Owing to their nearness to the thickly-settled portions and great cities of Wisconsin and Illinois, and to means of 
transportation, these small areas all seem likely to sooner or later become important centers of the quarrying industry. 

At the present time the most important quarry of these areas is that at Montello, where a medium-grained, 
dark, rather dull pink granite is quarried. It was first opened chiefly to obtain paving stones for Chicago, but has 
from the first furnished considerable quantities of building and ornamental granite. The stone takes a fine polish, 
but owing to its small grain and the even distribution of the constituent minerals its appearance is not as showy or 
handsome as that of many other granites. It is a very durable and reliable stone, having also apparently great 
strength. The extent of quarriable rock is very great. 

The quarry near the village of Waterloo, Jefferson county, in an outline of nearly white quartzite, is perhaps next 
in importance. It furnishes as yet only paving stones and macadam material. The paving blocks are split more 
smoothly and regularly than any others I have seen in Chicago from the east or from Wisconsin. ‘They appear 
harder and likely to be more durable than those from the Montello quarry. An attempt is being made to get this 
stone out in large blocks adapted for building and ornamental purposes. 

A quarry has been opened in the Moundville quartzite-porphyry, which also is worked only for paving blocks, 
all of which have as yet been sent to Chicago. Monroe street, from State street to Wabash avenue, in that city, 
has been paved with it. The stone is very hard and well suited for that purpose, and blocks out easily though 
somewhat roughly into pieces of requisite size. The stone takes a very handsome polish and is very dark, almost 
black, when so finished. 

Some 5 or 6 miles from Portage, at the east end of the ranges, a quantity of jasper has been taken out, and some 
citizens of Portage are experimenting with it to learn its value. The pieces taken have been handsomely polished 
and present the appearance of beautifully-grained dark mahogany. I have been unable to Jearn whether the 
locality yields large quantities of this stone, and whether it can be obtained in blocks of considerable size, but I judge 
from reports that the only difficulty anticipated by the owners is that of properly shaping the pieces taken out. 

The following description includes fuller statements as to some localities already named: 

On the line of the Wisconsin Valley railroad, between Centralia and Junction City, are several deep cuttings, 
which expose usuaily-crumbling and partially-decomposed laminated gneissic rocks. The exposures are very poor 
and the rock is generally out of position. About 34 miles north of Centralia is a cutting 400 feet long, through a rather 
fine grained, granular-textured, pinkish granite. This rock consists of brownish, translucent, granular, glassy 
quartz largely predominating; pinkish bright-lustered feldspar, and fine black mica sparsely but uniformly 
scattered. It would dress readily, but shows some tendency to weather and iron stain. 

At Little Bull falls, on the Wisconsin river at Mosinee, Sec. 29, T. 27, R. 7 E., Marathon county, are quite 
large rock exposures. The river here is divided into two widely-separated channels by a high, rocky island about 
a quarter of a milein width. On its northeast end this island is itself cut by several smaller channels, dry at low 
water, which show high walls of bare rock. Mostof the water of the river passes through the easternmost channel, 
which in one place, for a distance of 130 feet, is a gorge only 35 feet wide. The main fall of the river was formerly 
in this gorge, but has lately been moved down stream by a dam erected below. The rocks of the various exposures 
at this place are all closely allied and may be designated by the general term of syenite. They are all characterized 
by the presence of much greenish-black amphibole and white striated feldspar, the quartz, though present, being 
always subordinate. Two general kinds were noted. The prevailing rock is a moderately-coarse grained, 
highly-crystalline syenite, with a greenish-gray mottled appearance, and without any sign of parallel arrangement 
of the various ingredients, which are uniformly intermingled. On a weathered surface this rock appears 
greenish to white, the latter color being due to a kaolinization of the feldspar. On a fresh fracture the two 
main ingredients are readily perceptible to the naked eye. The hornblende is usually of a bright-lustered, 
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greenish-black color; the feldspar facets are commonly white, translucent, and beautifully striated, as can 
readily be seen with an ordinary lens. More rarely pinkish feldspar occurs. That variety of this rock which has 
a medium degree of coarseness presents a very handsome appearance on a dressed surface, and, since it shows 
no tendency to iron-stain or decompose, might make a valuable building stone. The second variety found here 
is very much finer in grain, and of a dark greenish-gray color, showing the crystalline texture only under the 
lens, and then not plainly. It is evidently merely a phase of the coarser rock. It occurs both in small embedded 
patches and in large, distinct outcrops. According to the microscopic examination these finer kinds, while 
having the same ingredients as the coarser, show a larger proportion of hornblende, and may be designated 
as “hornblende rock”. Chlorite appears to occur in all, more especially in the finer kinds, as an accessory. 

On the Eau Claire river, at the crossing of the Stevens Point and Wausau road, Sec. 7, T. 28, R. 8 E., there is 
a fall over coarse pinkish syenite resembling that on the Wisconsin river near the Mosinee hills, and also the 
prevailing syenite at Big Bull falls, a short distance northward. 

On the upper Eau Claire, in Sec. 4, T. 29, R. 10 E., are exposures of a very coarse, rough-textured, foldepathie 
granite, consisting of pink, cleavable fallisnane very no flaked black mica, and gray quartz. 

Westward from Wausau, in T. 29, R. 7 E., a number of outcrops occur. Near its south line this town is 
traversed by Rib river. In Sees. 21, 22, 27, and 28 there is high ground trending north and south, which rises from 
200 to 300 feet above the Wisconsin at Wausau. In the 8. EH. quarter of Sec. 21, on the south slope of part of 
this ridge, a peculiar, fine-grained feldspathic rock is exposed and is quarried to some extent on Mr. Kolter’s 
land. This rock has a brownish-pink color, the least weathered portions showing a grayish tinge; itis rather 
fine grained, and has a marked granular texture, looking almost like a mechanical rock. The most abundant 
ingredient is a pinkish feldspar in cleavable fragments up to one-twentieth of an inch across. With this is much 
granular brownish quartz, and a little blackish mica in fine flakes, making the rock a granite. No arrangement 
of the minerals in parallel lines is perceptible. In the quarry the rock is seen to be nearly horizontal, dipping 
not more than 10° in a due south direction. A total thickness of about 3 feet was seen. Large thin slabs, from 
2 to 4 inches thick, splitting off parallel to the bedding, can be obtained. 

Near Single’s mill, in the north part of the S. E. quarter of Sec. 29, in the same township, and on the edge of a part 
of the same high ground, are exposures of a whitish, slaty, granular quartzite, in places iron-stained. Under the 
magnifying glass this rock is seen to be made up of rounded grains of glassy quartz, and some few places were noted 
where the variety with granular texture grades into a non-granular, glassy quartz. Scales of silvery mica occur on 
the surfaces of lamine. The bedding structure is distinct, and shows a strike of N. 75° E. and dip of 56° 8. E. 

About half a mile from this place, and on the south side of the valley of Little Rib river, S. E. quarter of Sec. 29, 
the northeast face of the ridge shows quartzite in large exposures. The rock here is glassy, translucent, and 
occasionally iron-stained, resembling that of Rib hill. The bedding is obscure. On the slope of the hill below, the 
roots of the trees of a heavy windfall have upturned numerous fragments of a brownish-pink, granular-textured 
feldspathic rock, similar to that at Kolter’s quarry in Sec, 21. Half a mile northeast on the north face of the same 
elevation, N. E. quarter of S. EB. quarter of Sec. 30, a high ledge shows the same feldspathic rock, striking N. 80° B. 
and dipping 50° N. W. 

At the falls of Rib river, S. E. quarter of Sec. 28, T. 29, R. 5 E., are large exposures of greenish chloritic schist 
and syenite. On the south side of the river, at a point near the lower left-hand corner of Fig. 18, is a rocky point 
about 15 feet high, showing heavily but distinctly bedded greenish syenite, 
dipping 20° KE. and striking N.8° W. The uppermost layer, about 3 feet 
thick, is moderately-coarse grained, mottled green and gray, weathering 
2 white. To the lens it shows much grayish quartz, green amphibole, and 
white altered feldspar, the last least abundant, though coarsest of the three. 
In some specimens greenish chlorite accompanies the hornbiende. The 
next layer below, 4 feet thick, is a very much finer grained, almost aphanitie, 
ereenish-gray rock, containing apparently a good deal of chlorite. The 
weathered surface is white, with numerous green, epidote-colored blotches. 
Microscopic examination shows that the ingredients of this fine-grained rock 
are the same as those of the coarser one above, but that the amphibole and 
feldspar are both more altered. This rock breaks out very readily into 
rectangular blocks, the planes of easiest cleavage lying at right angles to 
Syonite Syenite the bedding. The lowest layer, 3 feet thick, is again of coarse variety like 
N : Nn ANAK LEAS that of the uppermost bed. 

Sectior on the tine BCDE. At Hemlock creek, at the crossing of the wagon road from Grand Rapids 

mee COON ERE NCS A Tn Yaris OF nip Rives. to Dexterville, in the N. E. quarter of the 8. E. quarter of Sec. 5, T. 22, RB. 

cale, 1 inch=50 feet. * 

4 K., are ledges of rather fine grained, flesh-colored, gneissoid granite. 

Translucent, wine-colored quartz, and pinkish orthoclase, in small brilliant facets, make up most of the rock; the 

mica is sparse, in fine, green-black flakes, which have a distinct linear arrangement. This rockis a Hardeeine: one, 

and would probably dress well, though showing some tendency to weather and iron stain. The bedding directions 
‘ appear to show a strike of N. 60° E. and a dip of 70° S. E. 
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On Yellow river itself, the southernmost Archzean exposure is to be seen about 2 miles north of Dexterville, in 
the N. half of Sec. 14, T. 22, R. 3 E. The rock here is medium-grained, pinkish, quartzose, gneissoid granite 
composed chiefly of limpid quartz and orthoclase feldspar, the former the most abundant. Mica is present in fine 
black scales arranged in parallel lines. The 
strike appears to be N.55° W. and the dip 60° 
S. W. Near the top of the river bank, which 
rises directly from the granite, thinly-bedded, 
friable, horizontal sandstone is exposed. 

On See. 3, T. 22, R. 3 E., 3 miles north 
of Dexterville, there are large flat ledges of 
gneiss in the bed of the river, bounded on 
the north by quartz-porphyry. The gneiss 
is very fine grained, laminated, dark gray 
to black in color, and consists of a black 
mineral (mica, hornblende, or both), in 
small brilliant flakes; and whitish quartz and 
feldspar. Its weathered surface is earthy 
and of a dirty white color, but shows the fine 
lamination even more distinctly than the 
interior. The quartz-porphyry consists 









of a light greenish-gray, aphanitic matrix, é an 
having the peculiar flaky appearance = re 
that is characteristic of the quartz-por- xy 


phyries of the various isolated Archean 
patches of Wisconsin, in which are embed- 
ded somewhat sparsely scattered facets of 
pinkish orthoclase feldspar up to one-six- 
teenth of an inch in diameter. It is a very 
tough, compact, rock, and is worn by the tA 
running water into smoothed and polished 
surfaces. This porphyry appears to pene- 
trate the adjacent laminated rock in a very 
irregular manner. In one place a mass of 
the gneissoid rock some 50 feet in diame- 
ter is nearly surrounded by the porphyry, 
the lines of junction between the two being 
very sharp, and rendered especially notice- 
able by the different appearances of their 
weathered surfaces. The lines of junction 
are not curved, but straight, bearing re- 
spectively N. 70° W., W. 20° E., and N. 70° 
W., the first and last upon opposite sides of 
the inclosed mass. The strike of the gneiss 
is N. 25° W., its dip 60° N. E. The por- 
phyry is from 20 to 30 paces wide, and ap- 
pears to be bounded on the north by the 
saine gneiss as before, with the same bedding. 
Beyond,.porphyry comes in again. 

At Big Bull falls, 9 miles north of Pitt’s 
mill, on Sees. 15 and 16, T. 24, R. 3 E., large |; 
exposures of medium-grained, highly feld- 
spathic, red granite extend along the bed and in the banks of Yellow river for a quarter of a mile. This granite 
has a base of cleavable reddish orthoclase, throughout which is quite uniformly distributed hyaline, occasionally 
smoky, and quartz in irregularly-shaped patches from one thirty-second to one-quarter of an inch in diameter. Mica 
is present, but is very fine and sparse. For the whole length of the exposure this rock is nearly uniform, and without 
any tendency to kaolinize. Its peculiar texture, composition, and color combine to make it a very valuable and 
unusually handsome building granite. Polished specimens of the rock attracted great attention at the Philadelphia 
exposition, where it was regarded by experts as among the finest of the many polished granites exhibited. 

On Sec. 7, T. 24, R. 3 E., another exposure of a similar red granite was noted. Above this point Yellow river 
is reported without exposures. 
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BLack RIVER VALLEY.—The first exposures of crystalline rocks met with in ascending Black river are found a 
short distance below the town of Black River Falls, T. 21, R. 4 W.,in Jackson county. From here they occur in the bed 
and on the sides or the stream, with only occasional interruptions, as far north as town 25, in Clark county. For the 
greater part of this distance they are con- 
cealed away from the river by overlying 
horizontal sandstone, through which, 
however, they occasionally rise in knobby 
projections. In some of the branch 
streams also the sandstone is cut through 
and the crystalline rocks exposed. Along 
the river the rock ledges in few places 
only rise to any considerable height 
above the water. 

Granite: Medium-grained pinkish, 
consisting of a nearly uniform admixture 
of pinkish orthoclase, in facets up to one- 
sixteenth of an inch, and fine-grained, 
translucent quartz. Some mica is pres- 
ent, in fine scales, showing sometimes 
a slightly stringy arrangement. This 
granite is exposed from a short distance 
above the wagon bridge as far north as 
the north line of See. 14, the river in this 
distance passing through a gorge whose 

o|| walls sometimes reach a height of 80 feet. 
¢ In the large exposures at the falls the par- 
|| allel grain of the gneiss below is almost 
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entirely lost, being only occasionally in- 
dicated in an obscure arrangement of the 
mica. The rock here is traversed by 
several sets of joints, mostly somewhat 
irregular, those show ing the greatest ir- 
regularity trending N.80° EH. and dipping 
72° 8. E., but having no corresponding 
structurein the rock. The granite shows 
the same general character above as at 
. the falls, occasionally—as in the railroad 
Q cut onthe westside of theriver, just above 
° the falls—showing a darker kind than 
A usual from a greater quantity of fine dark 
ur mica. In this cut there are to be seen 
3 two sets of planes equally marked, one set 
IOWA nae trending N. W. and dipping N. E., the 
other trending N. E. and dipping N. W. 
A distinct stringy arrangement of the 
ES Quartzite MEE Quarts Porphyry lll Granite Wierruginous Schist | ica was noted parallel to the former 
set. Near the north line of See. 15 the 
granite exposures cease suddenly on the 
east side of the river, while they con- 
tinue some distance farther on the west side—a fact to be explained by the northwest strike of the succeeding 
slaty rocks. " 
In the river one mile above Black River station on the Green Bay, Winona, and Saint Paul railroad, a ledge 
150 feet long and 25 feet high is seen of fine-grained, dark reddish granite, consisting of a rather uniform and 
close admixture of reddish orthoclase, in fine glittering facets, reddish-brown, translucent quartz, some colorless 
quartz, and a little, sparsely scattered, fine black mica. Half a mile farther up stream, fine-grained red and gray 
banded quartzose gneiss is exposed. The gray bands consist of fine-grained, glassy quartz, fine black mica, 
and white feldspar; the red of brown and red translucent quartz mingled with a little orthoclase. From here to the 
mouth of the Hast fork the bed of Black river shows numerous small ledges, 3 to 4 feet high, of contorted gneiss 
and reddish granite. 
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Above the mouth of the East fork, which is on Sec. 36, T. 23, R. 3 W., exposures of red granite are seen as far 
as French’s mill, on Sec. 25. The wagon-road, which for half a mile below the mill follows the west bank of the: 
river, has, on the east side, ledges of red granite and on the west a ridge 30 to 40 feet high composed of horizontal, 
coarse-grained, quartzose, cross-laminated sandstone. In one place the exact junction of the two formations is to 
be seen. At the mill the granite exposures are especially large, both on the west bank and on a large island in the 
stream. Two kinds of the granite occur, both presenting a prevailing pinkish weathering: (1) a rather fine- 
grained, very uniform-textured, dark reddish kind; and (2) a medium-grained, uniform-textured, pinkish-gray 
quartzose kind, containing colorless, glassy, and pink translucent quartz, pink orthoclase, and fine black brilliant 
mica. Both kinds appear like handsome building or ornamental granites. No definite bedding structure is to be 
seen. 

Three-quarters of a mile west of Neillsville, at the crossing of Black river, on the 8. W. quarter of Sec. 15, 
T. 24, R. 2 W., fine-grained, light pinkish, slightly gneissoid, and very quartzose granite is exposed, with a vertical 
dip and E.W. strike. This rock is very hard and compact, and appears to be a fine ornamental granite. 

The gneissoid and red granites of Black and Yellow rivers resemble each other very closely, and appear to be 
directly continuous with each other underneath the sandstone, which nearly everywhere between the two rivers is 
the surface rock. Occasionally the crystalline rocks come to the surface in the interval, and are then of the same 
character as on the rivers; as, for instance, on O’Neil’s creek, in Secs. 1 and 2, T. 24, R. 1 W., Clark county, where 
red granite is exposed; and on a high bluff in the N. E. part of T. 23, R. 2 E., whose upper portions are reported to 
be of red granite with sandstone layers at lower levels. 

The amount of these reddish ornamental granites of extraordinarily fine quality occurring on Yellow and Black 
rivers and in the intervening country appears to be very great. 

The following table indicates the location, size, nature, etc., of the various Archean outcrops in the Silurian 
area of the state: 


ARCHAAN OUTCROPS WITHIN THE SILURIAN ARBA. 















































LOCATION. | | 
No. on 4 Heicht of ; Distance 
the Fig.| Name of outcrop. |— Approximate area. ok f S Nature of rock. | from main 
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. Sec. T. R. County. 
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X | Marquette........ f 34, a a : - } Green Lake........ 14 square miles ..-... 70, Quartz-porphyryete--ss-sa-sssase- 50 
Deleeeine Diu. 5... 36 15} 138E | Green Lake......... % Square mile ....... 100 | Quartz-porphyry..----- BN a aA eee 54 
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Baraboo bluffs—On the northernmost portions of the northern of the Baraboo ranges at the lower narrows 
of the Baraboo river, T. 12, R. 7 E., and also for a short distance to the westward, a great thickness of quartz- 
porphyry is to be observed. This porphyry resembles that of the several small porphyry areas of the adjoining 
portions of Columbia, Marquette, and Green Lake counties, and proves at once that we must regard these areas 
as part of the same formation as that which appears in the Baraboo ranges. 

On Secs. 23 and 26, T. 12, R.7 E., Sauk county, the Baraboo river passes the north quartzite range in a 
gorge known as the lower narrows of the Baraboo. The passage is nearly half a mile in width, the levet bottom 
extending to the foot of the cliffs on either side. The cliffs rise 400 feet above the river, and show finely the great 
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beds of quartzite and associated strata. The gorge is much wider than needed by the small stream that now 
occupies it, and may, as already suggested, have been at one time used by the Wisconsin, as the valley of Devil’s 
lake seems to have been. It is unlike the latter valley in having been, in part at least, formed first before the 
Potsdam period, as indicated by the way in which horizontal sandstone and 
conglomerate ledges occur around the heads of steep ravines that extend 
- down the cliff toward the main gorge. 

Beginning with the north end we find, forming the north face of the 
range, in bold northward-sloping ledges, quartz-porphyry about 600 feet 
in width. This porphyry is for the most part dull red to pinkish on the 
weathered. surface, which is a good deal altered, often iron-stained, and 
has generally a whitish undercrust. The least altered specimens show 
a brownish-pink matrix, through which are scattered, very thickly, large 
facets, up to one-eighth of an inch in diameter, of bright red cleavable 
feldspar, and, more sparsely, minute facets of a white kind. In nearly all 
specimens a few small greenish-black blotches, apparently composed of fine 
mica scales, occur, as also small iron-stained cavities, which often show 
linings of minute quartz-crystals. The porphyry is very distinctly bedded, 
showing an E. W. strike, and a dip of 58° to 60° N. Toward its lowest 
portions, and higher up on the bluff, it becomes gradually more slaty in 
character, the feldspar facets, though very numerous, becoming at the 
same time less well defined, and the surfaces of the laminew becoming 
covered with a soft, greasy mineral. This finally changes to a distinct schist, (a) about 80 feet wide, containing 
a large proportion of the soft mineral, and allied to the greasy quartz-schists occurring at Devil’s lake, but without 
transverse cleavage. Continuing the ascent of the bluff southward quartzite is seen lying immediately underneath 
the schist and forming the body of the ridge to the foot of its southern slope. At first this quartzite is much 
veined and seamed with reticulating veins of white quartz, in which fine specular iron is occasionally to be seen. 

Marcellon.—On See. 7, in the town of Marcellon, Columbia county, on each side of the road in the south half of 
the section, are two low, rounded hills, 40 to 60 feet in height, of quartz-porphyry. The rock exposures are large and 
are much rounded and weather-worn, being separated into numerous bowlder-like masses by wide-open, earth-filled 
joints. The weathered surfaces have a prevailing pinkish tinge, giving the idea that the rock is largely composed of 
pink feldspar. On obtaining a fresh fracture, however, only a very few, sparsely scattered, minute feldspar faces are 
to be seen, the mass of the rock being composed of a brownish to blackish compact matrix. Two general varieties 
occur, one presenting a light brownish color, showing a tendency to flake off in fragments that are translucent on 
the edges, and containing no distinguishable feldspar crystals, the other having a dark gray to black inatrix, in which 
are to be seen a few distinct crystals of feldspar and numerous copper-colored points of iron-sesquioxide. ‘The rock 
has nearly the hardness of quartz, and fuses only with the greatest difficulty. A more siliceous character as 
compared with other quartz-porphyries of the state is thus indicated, and the indication is borne out by the 
content of silica—76.98 per cent.—as shown by analysis. We have evidently, in this case, a porphyry which, in 
its large contents of silica and in the sparseness of its feldspar crystals, approaches the true felsites (petrosilex 
hilleflinta), Quite a distinct and uniform set of bedding joints occurs, the strike being N. 32° E., the dip 65° to 
75° N. W. Numerous cross joints traverse the rock, and, on weathered portions, cause it to fly into smooth-faced, 
angular fragments at the least blow of the hammer. The surrounding country is occupied by the Potsdam 
sandstone, which is exposed at many points. 

Observatory Hill—Six miles north of the Marcellon outcrop, in the 8. E. quarter of Sec. 7, in the town of 
Buffalo, Marquette county, a knob of quartz-porphyry rises 250 feet above the general level and 490 feet above 
lake Michigan. On the flanks of the hill and up to a vertical distance above the base of 125 feet are horizontal 
sandstone ledges; above, to the top, are nearly continuous outcrops of porphyry, with a not very plain N. 32° E. 
strike and 60° N. W. dip. These bedding directions are the same as on the Marcellon outcrop. 

Moundville—On the edge of the Fox River marsh, at the head of lake Buffalo, on the line between Secs. 8 and 
5, T. 14, R. 9 E., Moundville, Marquette county, are three low, rounded outcrops of quartz-porphyry. These are 5 
miles, in a direction 10° N. of W., from Observatory hill, which is the nearest Archean outcrop. No other rock 
shows in the neighborhood, the country being heavily drift-covered. The largest outcrop is on the east end of a low 
bluff 35 feet high and several hundred feet in length. There are quite marked appearances here of the same N. E. 
strike and N. 60° dip as seen at Observatory hill and in Marcellon. The rock has a dark brown matrix, resembling 
in this regard the Marcellon porphyry, from which it differs, however, in showing throughout traces of crystalline 
structure, and quite thickly scattered large brown feldspar surfaces. A few crystals are white and translucent. 
The weathered surface is often a bright pink color. Mr. Wright's microscopic examination shows that fine 


magnetite particles are abundant. Their existence is not rendered evident even by the use of the ordinary lens. 
The silica content is 72.76 per cent. 
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MAP OF THE LOWER NARROWS OF THE BARABOO, 
Scale, 14 inches = 1 mile. 





a This schist is probably non-magnesian, like the schists of Devil’s lake, ordinarily called talcose. 
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Seneca (Pine Bluff, R. 11 H.).—A rounded elliptical knob of quartz-porphyry, 100 feet high, one-eighth of a 
mile long, and a quarter of a mile wide, lies on the north side of the White River marsh, in Sec. 2, T. 17, R. 11 E., 
Seneca, Green Lakecounty. The greatest extension of the hill is in an east and west direction. It is largely 
rocky, but there are no abrupt rock ledges, the exposures being almost entirely surfaces conforming to the general 
contour of the hill, and on a level with the surrounding sod. In places the slopes of the hill are covered with 
angular fragments apparently split off by frost. This is a peculiarity not noticed’upon any of the other porphyry 
outcrops, and appears to be due to the large content of comparatively coarse cleavable feldspar. The hill is only 
about 2 miles south from the granite hills of Spring lake, in T. 18, R. 11 B., Waushara county. The surrounding 
country is marshy and drift-covered, and shows no outcrop of horizontal rocks. The loose fragments are many of 
them smoothed on one side, and some surfaces are most beautifully striated. Owing to the broken condition of 
the outcrop, no definite bedding planes were made out, though weathered specimens brought away show distinct 
traces of lamination. 

This porphyry in its least weathered portions shows a light gray to whitish fine-grained matrix, in which, 
with the lens, can be seen what appear to be angular grains of quartz. The glassy feldspar crystals are also 
abundant. The weathered surface is brownish, with a kaolinized undercrust. Nearly all of the rock shows signs 
of weathering. The silica content is 76.39 per cent. 

Marquette and Berlin.—The large outcrops of quartz-porphyry in Secs. 34 and 35, T. 15, R. 11 E., and Sees. 
2 and 3, T. 14, R. 11 E., near the village of Marquette, Green Lake county, were originally regarded as within the 
central Wisconsin district, of which, bowever, by subsequent agreement, the Fox river was made the southern 

‘boundary. They will, therefore, be described by Professor Chamberlin, in whose district is also the outcrop at the 
city of Berlin, Green Lake county. As the writer has examined both localities carefully, he may be permitted to 
allude to the nature of the rock of each, for the sake of comparison. In the Marquette outcrops the prevailing rock 
noticed has a black, compact, flinty matrix, which is streaked with white non-continuous lines. These lines are for 
the most part very prominent, and are frequently much contorted, the whole rock having a very evident parallel 
grain. The feldspar crystals are minute and sparse. The silica.content is 70.29 per cent. less than that of any 
other of the Wisconsin porphyries. The general course of the contorted Jaminz points to the same N. EK. direction 
of strike as is observed on the Marcellon, Observatory Hill, and Moundville outcrops. 

The Berlin rock has a dark bluish-gray matrix, much streaked with white, and having a peculiar fine, granular, 
quartz-like texture as seen under the lens. The feldspar crystals are small, grayish to brownish, and rather 
numerous. The lamination is very fine and distinct, and often contorted, and the silica content 74.37 per cent. 

Montello.—In the village of Montello, on the west side of Sec. 9, T.15, R.10 E., Marquette county, is an elliptical- 
shaped, rounded mound of pink granite, about a third of a mile in length and 40 feet high. Over most of the hill the 
rock is quite uniform in a fresh fracture, though presenting a weathered surface from bright pink to dull grayish-pink 
in color. The weathering is very slight, however, and the rock shows almost no tendency to decompose. It has 
a medium grain, close texture, is of a bright pinkish color, and without sign of arrangement of the ingredients in 
lines. These are: Rath er large flaked, pinkish, cleavable feldspar, predominating; somewhat granular, fine, pinkish, 
translucent quartz, abundant; and greenish-black mica sparsely scattered in blotches made up of very fine flakes. 
In places thin, light green, epidote-colored seams occur. Somewhat irregular northwest joints traverse the rock, 
which is, however, for the most part structureless, and is quarried by firing the pieces that crack off, presenting a 
conchoidal fracture. On the north side of the west end of the mound occurs a vertical layer 3 feet wide, trending 
N. 55° E., of a soft, greenish, highly schistose, decomposing, chloritic rock. The least weathered specimens show 
a blackish color and some tendency to a crystalline texture. The vein is weathered down for 2 or 3 feet below the 
inclosing granite walls, both of which are seen. The schistose lamin are parallel to the walls. Greenish epidote 
seams in the rock near by have the same trend as the vein. Though this granite may be somewhat difficult to 
obtain in dressable masses, it would probably make a very handsome and durable building and ornamental stone. 

Necedah.—Dotting the great sand plain of the Wisconsin in Juneau and Adams counties are numerous bold, 
castellated outliers of the Potsdam sandstone rising abruptly from the plain and constituting very marked features 
of the scenery. From the same plain, and only about 3 miles west from one of the greatest of the sandstone 
bluffs—Petenwell peak—rises the quartzite hill at the foot of which the village of Necedah is built. The rounded 
contour of this hill serves to mark it at once as different in nature from the sandstone blutfis of the adjoining region. 

The main Necedah bluff lies on the N. W. quarter of Sec. 25, T. 18, R. 3 E., the town line crossing over its 
eastern end; it is about half a mile in length, with its greatest extension east and west, and is highest and at the 
same time most bold and rocky on its eastern end, which rises 170 feet above the street below and about 510 feet 
above lake Michigan. A short distance southeast of the main bluff, on the N. W. quarter of the 8S.W. quarter of 
Sec. 19, T. 18, R. 4 E., is a small, craggy hill, 75 feet high, of the same rock as that composing the main hill, the 
intervening low ground being underlaid by horizontal sandstone. 

The exposures on the main hill are mostly on the eastern and southeastern portions, where in places they 
rise nearly precipitously from the low ground at the foot. The rock seen here is for the most part a glassy, 
translucent, subgranular, grayish quartzite, much more nearly allied to the quartzite of the Rib and Mosinee hills, in 
Marathon county, than to that of the Baraboo ranges. ‘Much of the rock is quite dark gray in color, the quartz then 
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being still glassy, but smoky-tinted. Numerous small cavities and seams occur lined with half crystalline quartz 
and carrying a soft, pinkish, clayey substance; bluish-white quartz veins, $ inch to 2 inches in width, and neste 
are also common, and these carry frequently fine-flaked, brilliant, specular iron, which occurs also occasionally in 
quite large masses, similar to those found in the Baraboo quartzite. No parallel grain is to be seen in this rock, 
nor any definite bedding planes. Numerous quite close joints occur, however, and these cause the rock to weather 
into smooth-faced, sharp-angled fragments. On the smaller bluff a very distinct parallel grain is to be seen trending 
N. 75° W., and showing a corresponding dip of 45° N. Here much of the quartzite is of a light pink color, looking, 
on a fresh fracture, almost like a fine-grained, pinkish granite, but the only prominent mineral is subgranular, 
translucent, pinkish quartz. Some specimens show mica plainly in very sparsely scattered small scales. In many 
places little centers of iron-staining seem to be decomposing mica scales. Other portions of this rock are opaque, 
white, and distinctly granular, and are seamed with fine black lines, arranged so as to show discordant stratification. 
These seams, when split open, appear to be composed of blackish mica. Bluish-white veins and nests occur here 
also. 

Marion.—In the town of Marion, T. 18, R. 11 E., Waushara county, are three low granite knobs. Two of 
these, Stone and Pine bluffs, are on the N. E. quarter Sec. 27, about two miles in a N. N. W. direction from the 
quartz-porphyry hill of the town of Seneca, Green Lake county; and the third, a larger and bolder hill, lies on 
the eastern border of the marsh, on Secs. 12 and 13, and stretches to some extent over the line into the town of 
Warren. On all of these areas the rock observed is nearly the same, a pinkish, feldspathic granite, mottled with 
gray and green, closely resembling the Montello granite, from which it differs, however, in having a coarser grain, 
a less close texture, and a marked tendency to decompose. Reddish cleavable feldspar is the principal ingredient, 
occurring in facets up to one-eighth and one-quarter of an inch in diameter; quartz is abundant, fine, granular, and 
translucent; mica is sparse, and scattered in small greenish-black blotches. Large whitish porphyritic feldspar 
occurs. There is no sign of any arrangement of the ingredients or of any parallel grain to the rock. No definite 
bedding planes were observed on any of the outcrops, though numerous crossing joint planes occur, and quite 
regular flat slabs are sometimes obtainable. Veins of white quartz occur. The most marked characteristic of the 
rock is its tendency to weather and shell off in crumbling masses. Some of the large flat surfaces are so far 
crumbled as to be penetrated readily by a horse’s hoof. The rock from these outcrops would polish easily, but its 
tendency to crumble renders it less valuable than the Montello granite. 

The following regarding this state is from the report on Eastern Wisconsin, by T. C. Chamberlin: 

Mukwa.—The isolated outlier found in the S. E. quarter of the N. E. quarter of Sec. 26, and the N. W. quarter 
of the 8S. W. quarter of Sec. 25, town of Mukwa, Waupaca county, lies nearest the main Archean area. This outcrop 
seems to have been unknown to the geologists heretofore, and came to my attention through information derived 
from Mr. Carr, of New London. 

It consists of three large, and as many small, rounded, elongated, dome-like outliers, arranged nearly in a line 
trending W. 35° to 40° N., and rising near the center to a height of nearly 70 feet. 

The rock consists chiefly of red feldspar, with which is associated a less quantity of quartz and a small and 
varying amount of a dark mineral, which was not seen in the distinct crystalline form, but which seemed to be an 

aggregation of minute blended blades of biotite. 
Fig. 17. The crystals of feldspar are never large, seldom 
7 exceeding a quarter of an inch in length, and — 
are usually quite minute, so that some portions, 
from which the dark mineral is absent, closely 
resemble red quartzite in appearance. The rock 
is intersected in various directions by veins of 
quartz. It is also cut into pyramidal masses by smooth, straight fissures, which are usually inclined at an angle of 
from 60° to 85° to the horizon. In trend these fissures constitute three groups: the first nearly north and south; 
the second nearly east and west; and the third northwest and southeast. There are also large irregular fissures, 
and occasionally points are to be observed from which an unusual number, both of the smooth and the irregular 
ones, seem to radiate. . 

The rock is very little affected by weathering, and affords an excellent building material, though the form of 
the blocks is unfavorable, and it is somewhat hard to dress. 

No rock was found in contact witb it, but about half a mile to the southeast, in the line of its trend, the lower 
magnesian limestone appears, into whose horizon the outcrop rises, though it lies chiefly in that of the Potsdam 
sandstone, as shown in the accompanying profile. 

Berlin.—At Berlin, 30 miles south of the above, we next find an outstanding Archean mass, (a) consisting of three 
large elongated domes arranged en échelon, bearing northeast. The rock is composed essentially of small crystals 
of orthoclase feldspar disseminated through a peculiar crypto-crystalline base of felsite and quartz, forming a quartz- 
porphyry. The crystals of feldspar are usually grayish before weathering, becoming reddish afterward. The base 





PROFILE SECTION SHOWING THE RELATIONS OF THE MUKWA GRANITE. 
1, Outlier of granite. 2. Potsdam sandstone. 3. Lower magnesian limestone. 








a Comp. Dr. Percival’s Report of 1856, p. 106. 
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in its unweathered state very much resembles quartzite, and is of dark grayish cast with a very slight reddish tinge, 
so modified by its translucency as to give to the whole what may be called a water hue. Very thin splinters may 
be fused before the blow-pipe With difficulty, forming a transparent glass-like bead. The effect of weathering is 
marked and peculiar. The color changes to a light reddish, pinkish, or grayish white, and oecasionally to a bright 
red, while the mass becomes opaque and finely granular, and so soft as to be easily cut. There are occasionally spots, 
streaks, or leaves of dark material in the base, which are doubtless the portions referred to by Dr. Percival as 
‘‘interlaminated hornblende and mica”. 

The rock is very uniform in character at all points exposed. It presents an obscure parallel structure giving 
rise to a somewhat definite system of cleavage, but traces of distinct bedding were not observed. The mass is 
traversed by extensive fissures, which are readily arranged in three groups, the predominant one of which bears 
northwest, and the smaller ones east of north and north of east, respectively, thus dividing the horizon into nearly 
equal ares; but none seem to be dependent upon the cleavage structure of the rock. 

Pine Bluff, R.13 H.—Seventeen miles south of Berlin there rises out of the flood-plain of the Grand river a 
conspicuous mass of quartz-porphyry known as Pine Bluff. It ascends by steep and even precipitous acclivities 
to a height of 100 feet, and being entirely iso- 
lated from the Re oadti: elevations, and 
largely bare of soil and vegetation, becomes a | 4 aN > 
striking object. The rock consists of white- Renee Gea Yi 
gray and flesh-colored crystals of orthoclase NORTH AND SOUTKK SECTION THROUGH PIN BLUR 
and of glassy feldspar set ina very hard gray 1. Quartz-porphyry, Pine Bluff. Lower maguesion limestone. 3. St. Peter sandstone. 4. 

Tease limestone. 5. Galena limestone. 
or black quartz-felsite base. The crystals of 
feldspar vary in size from three-tenths of an inch in length downward, but are rendered conspicuous by contrast of 
color. The rock is susceptible of a very high and beautiful polish, but is wrought with difficulty on account of its 
hardness. The dip is about 20° to the east of south. Obscure glacial strie, still preserved, testify to its endurance. 
Their direction is south 45° west. The accompanying profile exhibits its relation to the Silurian formations, from 
which it will be seen that it rises to about the base of the Galena limestone. 

Marquette—Near Marquette, a little more than 12 miles west of Pine Bluff, very similar quartz-porphyries 
display themselves in more considerable force, constituting a group of prominent hills. A portion of the rock is 
precisely identical in character with that of Pine Bluff, and the greater mass is but an unimportant variation from it, 
but certain portions depart from the porphyritic character, and become almost or entirely crypto-crystalline. One 
variety of this kind very closely resembles the more homogeneous of the red Huronian quartzites, and another is 
a compact, close-textured rock, usually of dark color, but sometimes greenish. Neither of these varieties occupies 
exclusively any one horizon, but the quartzite-like variety is found in the more southern outcrops, the last-mentioned 
kind immediately north of that, the darker porphyries next, and the coarser, lighter-colored ones in the most 
northerly exposures. 

The bedding is very obscure, but the laminations of certain portions and belts of particular varieties of rock 
show the strike to be northeastward. The dip is made out with much less certainty, but appears to be to the 
northward, and to vary from 15° to 45°. 

Though the Berlin porphyry differs from that of Pine Bluff and of Marquette in the absence of glassy feldspar, 
yet the close lithological alliance of the three is very evident, and they doubtless all belong to the same group of 
the Archean series. The general strike of these formations, projected westward, encounters several similar outliers 
that are described in Professor Irving’s report, and still farther southwest he has found similar quartz-porphyry 
overlying the Baraboo quartzite.. There seems to be sufficient reason for regarding the latter as Huronian, so that 
the porphyries must be regarded as a newer portion of that formation. 

All of these masses present the rounded contour of glaciated surfaces, and still bear the glacial groovings, and, 
in some cases, even remnant polished spots, and from all these trains of porphyry bowlders stretch away in the 
direction of the striz. 

Portland and Waterloo.—Thirty-five miles south of Pine Bluff, over an area entirely covered by Paleozoic rocks, 
some as recent as the Galena, we again encounter the Archean rocks in the form of the quartzites of Portland and 
Waterloo. 

The outcrops in the town of Portland are several in number. The most southwesterly is an oval island lying 
mostly in the S. HE. quarter of Sec. 33, and is entirely surrounded by lowland or marsh. The outcrop attains but a 
slight elevation, and its rounded contour shows abundant evidence of the glacial agencies that have swept over it. 
Not only striz, but deep, broad furrows, show the direction of movement to have been 8S. 15° to 20° W. Bowlders 
appear in great force upon the protected side of the island and doubtless thickly underlie the deep morass in that 
direction, as they appear again upon the hills beyond. Directly to the east, in Sec. 34, there is a slight exposure 
near the base of a somewhat elevated north and south ridge, of which it doubtless forms the nucleus, if not the 
chief portion. 

Less than 1 mile north of these outcrops the quartzite again discovers itself on the brow and west flank 
of the ridge facing Waterloo creek. There is no evidence that any later formation overlies the quartzite between 
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this and the two preceding outcrops, and so the three will be found mapped as constituting a single Archeean area, 
A short distance farther to the north (N. W. quarter Sec. 27) the quartzite rises in the midst of a marsh-like lake, 
constituting Rocky island. It may be characterized as a low dome covered with unsymmetrical roches moutonées. 

About 2 miles southeast, at the foot of a hill, and on the edge of a marsh, occurs a low and limited outcrop . 
(Sec. 35, S. E. quarter, and Sec. 36, 8. W. quarter): One-half mile to the northeast, across a marsh, there occurs 
another exposure, similarly pirated in a southern extremity of a north and south ridge, and about the same distance 
to the southwest still another one may be seen, the three lying nearly in a straight line and separated by marshes. 
They are regarded as being projecting knobs of a common area, and are so mapped. Between these and the three 
outcrops first mentioned, as also between both these and Rocky island, later formations intervene, ‘so that they 
must be regarded as forming three distinct, though closely associated, stiveane areas. 


MINNESOTA. 
[Compiled mainly from notes by Professor N. H. Winchell.] 
CRYSTALLINE SILICEOUS ROCKS. 


More than half of the state is underlaid by that general class of rocks—the crystalline—to which granite 
belongs, and consequently the state has almost every variety of crystalline rock. These rocks also exhibit all 
degrees of durability and value for building purposes. The granular crystalline rocks are generally very durable ; 
and, whenever they are exposed above the drift, can be wrought with profit and with the most satisfactory results. 
While in the northern part of the state there are large exposures of very fine light-colored granites, beyond the 
limits of settlements and roads, and particularly at lake Saganaga, those in the valleys of the Mississippi and 
Minnesota rivers are of more special and immediate interest. These have been somewhat quarried, and their products 
as building materials can be seen in some of the principal buildings in various parts of the state, as well as in cities 
outside the state. The gray granite that is quarried at Sauk Rapids, and which generally is seen in Stearns county, 
consists largely of quartz embraced in a matrix of orthoclase, with but a small proportion of mica or chlorite, 
‘Hence it is hard and very durable. The dark mica is biotite, and there is but occasionally a grain of hornblende. 
This last sometimes prevails largely over all the other minerals in small areas or veins, making a very dark-colored 
and also generally a coarser-grained rock. There is also occasionally a grain of triclinic feldspar and of magnetite, 
and some minute erystals of pyrite. These minerals have a relative hardness when expressed on a scale of 10 as 
follows, 7 being the hardness of an ordinary knife-blade: 


Qu arty Stic ce Asiske mae exc au tins c-ciGie cans vor Jicklee sole ma ltaei mes eae ete elas ete eit tote ae ee 7 
Triclini¢ AGlOSpAr soya. e we rete we ame. - oes Selec latoine n= lorem [sie sic etl = ale ae a Oreo eee eet ee 6 to7 
Orthoclase! L222 2 he ae we tapes eye ie bwin. s os o's we ere says Se win a tyeare hha, ate a anes em tee geet nr ate fan 6 to 64 
Hornblende &. 5.-ie cesses ree sc nice sk th wise winter cman cleiw oie eine eo Se ater sta ete mele Spe a ie ce ee 5 to6 
Biotite , .< 50 cisisa oldie pou Se SES, cake cee ao Ss Asian ale. w SIS ore el nleinta ly pie te male Depo et So Se OE ee 
Muscovite <-2i-4.Faiep shee pubes s resent eS eeeten ae Saisie ais win a enw Satan te al era ies ero Ee ahi a Se RG Ree ene eee 2 to 2} 
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About one-half of the whole rock is made up of quartz, and two-thirds of the remainder of orthoclase. About 
one-half of the rest is triclinic feldspar, and the residue is divided between the other minerals, biotite predominating. 
It is plain to see that such an assemblage of minerals constitutes a very firm rock, and one that is rather hard to 
dress, but when once cut to form and placed in a building it will endure indefinitely. The biotite, muscovite, ‘and 
chlorite serve to make the granites. easy to cut and to quarry; and particularly when they lie in sheets or in 
indistinct belts through the rock, giving it a faintly striped aspect, constituting. a gneiss, the rock can be got out 
easily in large, long slabs or blocks. When these are evenly scattered through the whole rock, the rock is simply 
softened, and in quarrying the fracture will have to be more completely guided by the plug and feather. For 
taking a polish the absence of these soft minerals enhances the value of the rock. The durability of the Sauk 
Rapids granite was tested at Washington under direction of the chief of engineers, and was found capable of 
sustaining a crushing pressure of from 15,000 to 17,000 pounds per square inch. A quarry at Sauk Rapids has 
been longest known of all the granite quarries in the state, but it is not now (1880) as vigorously operated as those at 
Watab or at East Saint Cloud. Blocks 12 by 3 by 14 feet thick and 10 by 44 feet by 1 foot thick have been quarried, 
and blocks as large as 26 by 22 by 5 feet thick might be moved if desired. The material is now used mainly for 
monuments, formerly also for building and for bridge construction. Among the principal structures in which this 
stone has been used are the capitol buildings at Des Moines, Iowa (trimmings); the city hall, Minneapolis; Nichols 
& Dean block, Saint Paul. 

The color of this granite, being a neutral gray, makes it suitable for a wide range of architecture. Light-colored 
and reddish granites are found at Watab, a few miles north of Sauk Rapids, and also in a few places near Saint 
Cloud and Rockville. 

At Watab there are three principal varieties of different textures and colors, each being quarried from a different’ 
opening, so that the stone in each quarry is uniform as totexture and color. The red is located to the north of the 
gray granite, and is separated from it by a distinct line, a change being abrupt (within 6 inches). Although the 
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quarry was opened some years ago, it was not operated during 1880. This stone is being used in the construction 
of the bridge over the Missouri river at Bismarck, and about 7,000 cubic yards will be used for this purpose. The 
following is a report on this stone, by Captain Edward Maguire, U.S. A., chief engineer, department of Dakota: 

Two kinds‘of granite were used by the Northern Pacific Railroad Company in the masonry work on their bridge at Bismarck; first, 
a light-colored and reddish granite, found at Watab, a few miles north of Sauk Rapids, Minnesota. The quality of this stone was good, 
but its use was abandoned on account of the cost of quarrying it. The bed is very much cut up by seams, and in order to obtain the 
requisite sized blocks it was necessary to quarry about ten to one, The largest blocks that have been quarried are 6 by 4 by 2 feet thick; 


some blocks 30 by 12 by 5 feet thick have been moved, but were cut up for transportation. The texture is rather coarse and uniformly 
erystalline. 


Captain Maguire reports an examination of gray granite from the Rock Island quarry, situated in a prairie 
about 4 miles from Saint Cloud, and there are at least 4 and probably 10 acres of this gray granite from which 
blocks of any size or shape may He quarried. 

While the granites of Stearns county are massive or non-gneissic, those of the Minnesota valley are almost 
invariably of a laminated structure, and of a reddish color. One of the principal exceptions occurs in the large 
granite outcrop near the foot of Big Stonelake. The Minnesota Valley granites differ from the Saint Cloud granite, 
‘ also, in being softer, on account of having less quartz and more of the cleavable minerals, orthoclase and mica. 
They are also easy to quarry, but they have not been much worked yet. Some of the recent cuts in the red granite 
near Montevideo, by the grading for the railroad, show a very superior variety of rather coarse grained red granite, 
which cannot fail ultimately to be in great demand. There are great stoneless tracts of prairie lying south and 
west of the upper Minnesota Valley region, and extend from near New Ulm to the foot of Big Stone lake. 

The so-called granite of Duluth belongs to a very different class of rocks, and is more properly styled “ gabbro”, 
a new term derived from Italy, and applied to an igneous rock consisting of the triclinic feldspar, labradorite, 
augite, and a magnetic oxide of iron containing titanium. These minerals are all softer than quartz, which is 
wholly absent from the Duluth rock, but which makes up so large a part of the Saint Cloud granite. It is strange, 
therefore, that the Duluth rock should have been so generally regarded as harder than real granite, and 
particularly as harder than the Saint Cloud granite. The mineral augite, which makes up generally less than one- 
fourth of the whole, has a hardness of from 5 to 6 on the scale of 10, and labradorite is but little more. When 
this rock begins to decay, the augite changes first, making a greenish, soft mineral like chlorite, and this change 
sometimes is found to have gone on to a great depth in the rock without any change being seen in the other minerals. 
In such cases, while the rock is not much injured for building purposes, it is more easily quarried and dressed. 
While taken in a mass this Duluth rock may correctly be said to be softer than the Saint Cloud granite; it is 
tough and firm, being perfectly crystalline and compact. The magnetite in this rock sometimes becomes so 
abundant that it spoils it for building, and even becomes an iron ore, and has attracted attention as such. The iron 
ore reported some years ago at Duluth, at Herman, a few miles west of Duluth, and at Iron lake, north of 
Grand Marais, is all of this variety, and in some cases it is pure and valuable; but it is damaged by the presence 
of the titanium. The titanium is not so much a damage to the iron as an impediment in the reduction of the 
ore. At Duluth this rock has been used in some foundations, but the difficulty of dressing it, as well as of 
quarrying, has prevented its acceptance as a general building material. Its strength is about 17,000 pounds per 
square ch: 

The gabbro quarry at Duluth, Saint Louis county, is from a mountain-like range extending verona from 
Rice’s point at Duluth. It is cneneeds in geological reports of Minnesota for 1879 and 1880, it being No. 1 of the 
Minnesota Geological Survey series. The rock is of the age called Cupriferous in Minnesota, the equivalent of the 
Potsdam in other portions of the country. Blocks of as large a size as could be handled might be quarried here. 
The mass of rock is but'little jointed; its texture is a uniform crystalline, and it has been used thus far chiefly in 
trimmings for buildings and for rough walls at Duluth, and some for trimmings and steps at Saint Paul. 

A trap from this formation has been quarried by the United States government to be used in the construction 
of breakwaters at Duluth. The stone is roughly and basaltically bedded, and it may be called imperfectly basaltic; 
its texture is uniformly crystalline; itis No. 53 of the Minnesota Geological Survey, report of 1880. It is a basaltified 
layer of igneous rock intercalated between sedimentary beds. There is an excavation made in trap-rock for the site 
of a new school-house in Duluth, and the stone is putin the foundation and basementof that building. It is seenin 
outcrop conspicuously in front of the engine-house in that city, and extends northeastwardly in the form of a low 
hill range or ridge; it seems to be that which forms the falls of Kinichiguaguag creek, near Duluth; it is No. 43 
of the Minnesota Geological Survey, report of 1880. This store is massive, close, and fine in texture, sometimes 
finely porphyritic; the mass of rock is distantly jointed. 

No. 42 of the reports of the Minnesota Geological Survey of 1880 is not quarried; it is so situated in many 
places near Duluth that it might be quarried with profit where a stone easier wrought than No. 1 of the series is 
desired. Inthe weather it has naturally assumed numerous conchoidal-fracture planes. These make it difficult to 
get blocks of a given size and shape, since the pieces break in dressing along the old fractures, which are not 
parallel nor perpendicular, but cross at acute angles in all directions, like some massive shale in disintegrating. 
This rock is believed to be derived from the red shale of the Cupriferous or Potsdam series by the semi-fusion incident 
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to the igneous ejections; other stages of crystallization, even to red granite and other less changed conditions as 
a perfect red shale, can be seen along the shore at points farther down the lake and at Duluth. Within the limits 
of Duluth it can be quarried as red granite; it is in the hill range’on the slope facing the bay, and at the quarry 
at Rice’s point is associated with No. 1. 

In the hills back of Duluth it changes suddenly to a red granite, supposed to be derived from the fusion and 
metamorphism of the Fond du Lac red shales and sandstones when the igneous rock was poured out through 
and over them. These two kinds of rock (red syenite and gabbro) are closely intermixed in patches, sometimes of 
large area, and extend thus all the way to the northern boundary-line of the state, the red rock showing various 
stages of metamorphism and crystalline condition. The red granite in some places is very coarse grained and 
beautiful, something like Scotch granite, and in other places it is very fine grained and compact, as at Duluth. It 
contains quartz, generally in large quantity, red orthoclase, and green hornblende or chlorite. 

At East Saint Cloud, Sherburne county, a massive Archean granite is quarried for general building purposes 
and used chiefly at Saint Paul, Milwaukee, and Minneapolis. The trimmings of the United States custom-house at 
Saint Paul are of this material. There are three varieties, differing somewhat in texture and color. The one most 
used and highly prized is of a fine-grained uniform texture and gray color. It is often slightly gneissic or laminated 
in structure, and works more easily than the others; it is probably not so durable nor firm under pressure. The 
second variety is red, and contains a good deal of quartz, but takes a finer polish. It was not quarried during 1880 
so much as in former years, chiefly because the plant of the establishment is situated some little distance from the 
favorable exposures, but there is abundant opportunity in the neighborhood for working this red granite. The 
other variety is not now quarried, but large quantities of it were formerly taken out and used chiefly as trimmings 
in the custom-house at Saint Paul, where, however, stone of both the other kinds is also to be seen. It has 
outwardly, and especially when chiseled for construction, as in the custom-house, very much the aspect of the 
gabbro quarried at Duluth, and might be mistaken for that stone on a casual examination. It has the reputation 
among the quarrymen of being very hard, and is said to require more frequent sharpening of the tools than either 
of the other varieties, which circumstance has prevented its extensive use. 

The East Saint Cloud granite, when used for paving, is dressed roughly in blocks of about 10 by 3 by 5 inches 
deep. Blocks 50 by 12 by 6 feet thick have been moved; the size of blocks which may be quarried is only limited 
by the ability to handle; blocks 20 by 6 feet and as long as 60 feet may be quarried if desired. 

There is a very firm syenitic granite near Motley, on the Northern Pacific railroad, which is similar in outward 
appearance to the Saint Cloud granite, and will furnish stone for a large tract of stoneless country west of that 
point, this being the most westerly outcrop of rock known on the line of that railroad within the state. 

At Beaver Bay, Lake county, a red granitized shale of Cupriferous or Potsdam formation (metamorphic group, 
and is one of the conditions of the metamorphosed sedimentary rocks of the Cupriferous series) is somewhat quarried 
for dock construction. The ledge lies conveniently near the docks, in the construction of which this stone was used. 
The rock was taken out in the north side of the bluffs facing the bay. The material is rather fine in texture. The 
structure of the rock is somewhat basaltified, yet jointed transversely. 

Four miles below Beaver Bay, on an island in lake Superior, a so-called red granite of the Cupriferous series is 
found, but has not as yet been quarried. Itis No. 811 of the Minnesota Geological Survey reports. It is believed 
to be derived from some of the original sedimentary portions of the Cupriferous beds, and would make a very good 
building material if in the course of the settlement of the country it should become desired. The rock is uniformly 
crystalline in texture; at most points it is little jointed, but it is occasionally imperfectly basaltic. 

There is a labradorite rock of the Cupriferous series exposed at the lake shore, 24 or 3 miles east of Beaver 
Bay, which may be used for ornamental purposes as well as for genera] construction. The supply is abundant and 
easily accessible. The rock seems to graduate into the gabbro exposed at Rice’s point. The texture of the stone is 
uniform and coarsely crystalline; it is bedded in some places and in others a solid mass. 

At the lake shore, near the mouth of Baptism river, Lake county, there is a porphyritic felsite of the Cupriferous 
series; it is Nos. 138 and 139 of the Minnesota geological report for 1880. The stone is porphyritic, with quartz and 
perhaps adularia, and it is indistinctly laminated and basaltic in structure. The rock is also exposed 2 miles west of 
the great palisades, on the north shore of lake Superior, Lake county; it may possibly be used for ornamental 
purposes, and 4t illustrates the gradual change from the red shales of the sedimentary beds of the Cupriferous to 
crystalline rock. (See proceedings of the American Association for the Advancement of Science for 188081.) In 
this locality there is also a metamorphosed shale (with adularia) of the Cupriferous series; it is No. 140 of the 
Minnesota Geological Survey. Specimens of the stone in the National Museum are a brick-red in color; it is 
usually banded and porphyritic, with quartz and translucent grains that seem to be adularia. 

On Encampment island, Lake county, a hyperyte rock of the igneous group of the Cupriferous series is found ; 
it has not been quarried for building purposes, but is interesting from a scientific point of view. In texture it is 
uniform and coarsely crystalline, and is irregularly jointed and bedded. On the shore of lake Superior, at Two 
Harbor bay, in Lake county, there is a dark, heavy, uniformly fine-grained rock, probably of the sedimentary group 
of the Cupriferous. It has not yet been quarried, but has a scientific interest in connection with the investigation 
of the crystalline rocks of this formation, as its outward characters have not been sufficiently distinct to indicate its 
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affinities so as to warrant its being classed in either the igneous or metamorphic group of the Cupriferous., In the 
Report of the Minnesota Geological Survey for 1880 it is placed in the sedimentary rocks (metamorphosed), but this 
point is not well established. With it many comparisons have been made, and references in field-books, whenever 
it has been seen to occur, or where a rock like it has been met with, making it a sort of datum for the mapping 
geographically of rocks in other places. 

A trap of the igneous group of the Cupriferous is quarried at Taylor’s Falls, Chisago county, and used in the 
construction of foundations and rough walls at Taylor’s Falls. The walls of several business blocks at this place 
are constructed of this stone. The color is dark, almost black, and as to the texture it seems to be made of 
pyroxene crystals embracing the other minerals, these causing a spotted exterior; otherwise the texture is uniform. 
This rock, from its proximity to Minneapolis and Saint Paul, is of economic importance because of its adaptability for 
paving blocks, for which purpose it would supply a most durable material. It may be described as tough rather 
than hard. It is the most southerly known exposure of theCupriferous in the state, though in Wisconsin a similar 
rock outcrops a few miles farther south, near the Saint Croix river. Some interesting copper mining has been 
excited at this point by the discovery of the native copper in the rock and along some of the ravines. It is No. 
820 of the Minnesota Geological Survey; the rock seems to have the characteristics ascribed to melaphyre by 
Pumpelly. 

SANDSTONES. 

The red quartzite at New Ulm, which also is seen in Cottonwood, Watonwan, Rock, and Pipe Stone counties, is 
sparingly used for a building stone at points contiguous, and one or two car-loads are known to have been shipped 
to Minneapolis. It is the hardest stone in the state, or in the United States, probably, that can be said to have 
been used for building. It consists almost wholly of quartz, the red color being due to iron oxide, which is 
disseminated among the grains, but does not enter them. As a layer embraced in this rock the material known 
as ‘pipestone” or catlinite is found in Pipe Stone county and other places in southwestern Minnesota. This 
rock it is very difficult and costly to dress into dimension blocks, but it is indestructible when once placed in a 
wall. 

There is a quarry of the red quartzite in Courtland township, Nicollet county, near New Ulm, operated for 
ordinary building purposes and bridge construction, used at New Ulm and surrounding country. It was used in 
the construction of Sommer’s block and the residence of Mr. Frank Erd, at New Ulm. The stone varies somewhat 
as to texture, some being loose-grained and sandy, and: some firm, hard, and uniform. It is evenly-bedded in 
courses varying from half an inch to 4 feet in thickness; the joints and water-cracks are not distinct, but rather 
frequent. There is but little systematic quarrying done at this place; quarries are contrguous, and exhibit the same 
kind of rock. Some of the beds are shaly, and the dip about 15° toward the north-northwest. As compared with 
rocks at Sioux Falls, in Dakota, the opportunities for quarrying are greater here and the stone is much more easily 
wrought, owing to the fact that the beds are finer and softer, though it is probable that if it were to be deeply 
excavated it would be found to be firm and of a purplish color within; but at Sioux Falls a greater area of stoneless 
country surrounding the quarry will create a greater demand than ever will be felt at New Ulm. 

Next in ascending order, as building materials come the sandstones proper, if we omit the black argillyte or 
roofing slates and their associates seen at Thompson, which will be treated under “ Roofing slate”. The red sandstones 
at Fond du Lac are probably the most valuable deposit, taken on all accounts, that the state possesses as a building 
stone of that kind. They are of the same formation as the New Ulm quartzite, but were less hardened at the time 
of their upheaval. They lie tilted toward the south or southeast, and are associated with and overlie a vast 
thickness of soft red shale, which passes sometimes to a shaly red conglomerate, the same that in other places 
about lake Superior is in contact with the igneous rocks, and becomes copper-bearing. This red sandstone is well 
known in Milwaukee, Chicago, and Detroit. The quarries in it farther east furnished the red sand-rock used in the 
Milwaukee court-house, and a great many brownstone fronts in that city and in Chicago were obtained from it. 
It was formerly quarried on Isle Royale, and sold in Detroit as ‘‘Isle Royale brownstone”. While it consists almost 
entirely of quartz, the grains are not so firmly cemented or united as to render it objectionably hard. Its grain, 
color, and texture vary slightly. On Isle Royale, when quarried, it is fine-grained and rather brittle, being more 
highly metamorphosed than at Fond du Lac. At some points it has a mottling of red and gray, or even of green, 
as at Sault Ste. Marie, at the eastern end of lake Superior, where the ship-canal is cut in it and largely built of it. 
In some places it is so loosely cemented as to crumble and to be rendered useless for building, and in others it 
contains rounded quartz-pebbles of a nearly white color, or becomes wholly conglomeratic. At Fond du Lae 
some of all these features can be seen, but there is still at that place a great abundance of fine stone of the 
best quality. This great formation forms the southern rock barrier of lake Superior, almost without interruption, 
from Duluth to Sault Ste. Marie, but it is not always of so dark a color as it is at Fond du Lac. The famed 
“+ pictured rocks” of the south shore are formed of it, and the Apostle islands are caused by remnants of it that 
withstood the erosion of the glacial forces. Its strength, as tested at Washington, proved to be from 4,000 to 5,000 
pounds per square inch. Several business blocks have been made from it in Duluth, and the new Westminster 
church at Minneapolis is being constructed of it. This formation is seen not only at Fond du Lac, but (probably) at 
Pokegama falls, on the Upper Mississippi, and in the base of the bluffs at Winona, but the most favorable and 
promising points for quarrying it are at Fond du Lac. 
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The principal quarry at Fond du Lac has been mainly engaged in getting out and shipping stone in the rough, 
but little being dressed at the quarry. The rock has in some of its heavy bedding stripes of light sand-rock and 
light spots in some of the brown. Sometimes scattered quartz-pebbles are seen in the light rock of the sizeof a pea, 
or even a hen’s egg, but not much of it is conglomeratic. Lumps of red shale from 2 to 5 inches in diameter occur 
in belts coincident with the direction of the bedding. The bedding is even, in courses varying from 4 inches to 2 
feet in thickness; the joints are distinct. The stone is used for general building purposes, chiefly at Minneapolis, 
Saint Paul, Brainerd, Duluth, and Fargo, Dakota, and Superior, Wisconsin. Among the buildings in the construction 
of which this stone was used are the Clark & Hunter block of Duluth, the Westminster Presbyterian church at 
Minneapolis, and some of the railroad buildings at Brainerd. There is a quarry on Missouri creek near Fond du Lae, . 
the product of which is wholly shipped to Winnipeg for use by a contracting builder of that city. The Manitoba 
college is trimmed with stone from this latter quarry. 

The freestone at Hinckley is probably not of the same formation, but pertains to a higher horizon—the Saint 
Croix. It is exposed on the banks of the stream passing through the village and at points farther down. As a 
building stone it is considerably lighter colored, or more nearly that of the Kasota stone, and more easily wrought 
than the Fond du Lac stone. It is in even, heavy beds, and can be easily got out. It is as firm and as desirable for 
all purposes of architecture to which it is adapted as the Cleveland freestone which is so largely used. It can be 
dressed more cheaply than the Fond du Lae stone and can be cut into ornamental forms for capping or for columns. 
Its compressive strength has not been tested yet. 

The stone from this quarry is evenly bedded in courses varying from 6.to 18 inches thick ; there are but few 
joints. The Saint Paul and Duluth Railroad Company operates the principal quarry at Hinckley, Pine county, for 
bridge construction, and the stone has lately been put into the foundations for the high bridges and trestle-werk 
on that railroad along the dalles of the Saint Louis river. It is the only rock known between White Bear lake 

and the slate region of Thompson, which begins’ near Goose Lake station. 

At Dresbach, on the Mississippi river and the Chicago, Milwaukee, and Saint Paul railroad, in Winona county, 
sand-rock of the Saint Croix, which is the lowest sand-rock in the geological scale of Minnebobes is occasionally 
quarried for ordinary building purposes and shipped to Minneapolis and Saint Paul. The stone promises considerable 
usefulness in the future, though as yet is but little quarried. The rock has been quarried to a limited extent 
also at Dakota, 2 miles north of Dresbach, and much attention has been attracted to the material at both these 
places, as it nearly resembles the Berea sandstone of Ohio, which is now largely used in first-class buildings in 
Saint Paul and Minneapolis, it being transported there by rail at considerable expense. The development of this 
industry in Minnesota, so far as Dresbach and Dakota are concerned, is due to the direct and immediate efforts and 
recommendations of the geological survey of the state in calling attention to it during 1880. There is an unlimited ~ 
supply of this stone in the bluffs of the Mississippi river, but its best color is found only near the level of the water 
of the river. The stone is of a fine texture, and varies from a light gray to buff in color, some of it showing even 
and distinct stratification, and some being massive; it is evenly and horizontally bedded in courses from 3 inches 
to 5 feet thick. Blocks 8 by 4 by 4 feet have been quarried; and blocks as large as 20 by 8 by 6 feet, or as large 
as could be conveniently handled, might be quarried. 

The other sandstones of nearly the same geological horizon are not very good for building, being too friable. 
They are exposed in the bluffs of the Upper Mississippi below Hastings, and of the Saint Croix below and above 
Taylor’s Falls, where they have been put into one or two business blocks. They are of rather coarse grain and 
friable on first quarrying, but the weather operates to harden them somewhat in the course of a few months. When 
they are finer, and mingled with an aluminous sediment, they are also somewhat magnesian. They are then fit for 
rough walls, but for first-class architecture they cannot be used, owing to the thinness of the layer and the general 
incoherency of the grain. Still in some towns this kind of shone is employed exclusively for the general home 
demand, as at Hokah and at Lake City. 

The Jordan sandstone of the geological horizon of that name in the Lower Minnesota valley is very much like 
that at Taylor’s Falls, but i is in a much higher geological horizon. It has been used considerably at Jordan, and 
serves a good purpose for’ general building, but it cannot be recommended for first-class structures. It is of a Teh 
color, but stained and clouded, or striped. by a yellowish or rusty iron cement. It is likely that the darker-colored 
beds of this stone will be found most durable. This rock appears in the Minnesota valley, forming islands and 
rapids near Carver. If it were to be wrought along the Minnesota river, where it has been for a long time subject 
to the rusting and cementing action of the waters of the river at periods of flood, it would be found much harder 
and more valuable. The bedding is even, and in courses varying from 2 inches to 2 feet in thickness, jointing 
irregular, the texture fine, sometimes friable, and there are signs of irregular stratification. There are two principal 
varieties in the quarry; that from the bottom is of light gray or bluish color; that from the uppermost 16 feet of 
the ledge is the stone which has been hitherto used exclusively in building. The gray is very similar in appearance. 
to the Berea, Ohio, sandstone. Among the buildings in the construction of which this stone has been used are the 
Foss & Wells flouring-mills, at Jordan, and the City mills and the American house (first story), at the same place. 

Ordinarily the Saint Peter formation is very friable, and particularly where it is freshly exposed, or is being 
continually reduced by the action of winds or by running water. But when the river water occasionally or 
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periodically overflows it, the repeated evaporation of the water leaves a deposit of iron- rust, which on entering among 
the loose grains of the rock soon so firmly cements them, especially on being thoroughly dried: as to make a useful 
building stone. Such a process goes on in all low Pemuae where water evaporates without free escape, and 
generally causes a rustiness on the mud or on the dead twigs or roots of the place, or even goes so far as to form a 
bog-iron ore. If a rock be exposed there it becomes more or less rusted, and if before incoherent it becomes firm. 
Although stone quarried from this formation has been put into the piers of the bridge at Fort Snelling in large 
blocks, it can hardly be said to constitute a reliable supply of good stone for the cities of Saint Paul and Minneapolis. 
When evenly and thoroughly cemented by the iron-rust it will form a durable rock, but its liability to inequalities 
in the hardness of the mass, to variations of color, and to the exhaustion of the supply will operate against its 
extensive use. 

At Mendota, Dakota county, sandstone rock of the Saint Peter subdivision of the Lower Silurian is quarried for 
bridge construction on the Chicago, Milwaukee, and Saint Paul railroad. The piers of the bridge over the Mississippi 
river at Fort Snelling are built of this stone. This stone, which serves well for heavy masonry, and could be cut for 
ornamental work in structures, shows the effect of the waters of the Mississippi river in hardening the very friable 
_ white sand-rock, known as the Saint Peter sandstone. The outcrop in which the quarry is situated is in the bottom 
land of the river and rises but a few feet above low water. It is annually overflowed and has been for an unknown 
period evidently, at least since the glacial epoch, and it is to this fact that the cementation of the siliceous grains 
is due, the evaporation of the water as summer advances leaving a sort of iron cement. It is also probable that the 
cement is partly’siliceous, since the waters of the river are slightly alkaline, and thus might dissolve some of the 
silica of the rock, depositing it again as a cement. No other such effect on the Saint Peter formation is known but 
in the valley of the Minnesota river. Above this place, the Shakopee formation is thus affected at Kasota, the 
Jordan at Van Osser’s creek, near Louisville, and the Saint Lawrence at Jessen Land; in all cases the change of 
character being due to the interpenetration of iron oxide on the evaporation of the water of the river. 

The stone used at and below Austin, taken from the low banks of the Cedar river, seems to belong to the Upper 
Devonian. It is believed to lie conformably over the Devonian limestones that are seen in outcrop farther down 
the river, a few miles south of the state line in Iowa. The stone itself in its natural color is of a light blue, and that 
color shows on most of the quarried blocks about the heart of the bedding, and on deep quarrying it would doubtless 
show only a blue color. Yet the stone as now used is very generally of a buff color to the depth of from half an inch 
to 3 inches, depending on the amount of weathering and oxidation. The thinner beds are altogether changed to that 
color. The texture of the stone is close, and the grainis homogeneous, Some large slabs and blocks are sawed for 
bases to tombstones, and worked down to a very smooth surface. It is more safely sawed to any desired dimension 
than cut vr broken, yet it is not in the least crystalline. Its aspect at a distance is that of a fine-grained sandstone, 
yet it contains no apparent grit. It is so soft that it can be cut without difficulty, appearing much like an unusually 
indurated blue shale, but it hardens in use and serves a useful purpose in common buildings, but cannot be depended 
on for first-class structures. Its argillaceous composition will ultimately cause it to crumble, especially if it be 
subjected to frequent changes of moisture and dryness. 

At several points in the banks of the Minnesota river between New Ulm and Mankato a hard, siliceous sandstone 
of Cretaceous age is exposed, which has supplied some very good building material. The layers are about 4 inches 
in thickness, and are tough and firm. They are associated with alternating layers of a friable sandstone, which 
aids in their extraction. These beds are sometimes so coarse as to justify their being designated as conglomeratic. 
The stone is very durable as a building material, but the toughness and hardness of the texture and the thinness 
of the beds, make it more suitable for flagging than for building. It is typically exposed on the land of William 
Fritz, Sec. 16, T. 109, R. 29, in Nicollet county and other places near. 


LIMESTONES. 


The lowest limestones in the geological scale are those seen in the bluffs of the Mississippi river and in the Saint 
Croix valley. They generally form the tops of the bluffs, and cause the precipitous portions, the sloping talus being 
taken up with one or more of the sandstones above mentioned. These limestone beds present a varied lithology, 
and cause some very interesting topographical features. . As a building stone they are wrought at all points where 
there is a demand (except Lake city), between Stillwater and Winona, along the Mississippi valley 01 the Minnesota 
side, and also at several places farther west, as at Caledonia, in Houston county, Lanesborough and Rushford, in 
Fillmore county, and at points in Winona county. The material they supply is in general a magnesian limestone 
of a light buff color, a firm but sometimes vesicular or porous texture, and often having a considerable proportion 
of quartz. An analysis of a sample from Sugar Loaf, Winona, gave the following result: 
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Showing that nearly one-fourth of the whole consists of quartz. In other places would be found less quartz; and 
this is particularly the case at Frontenac, where the rock is so even-grained and so free from quartz that it is sawed 
by machinery into such slabs or blocks as are wanted. The quarries at Winona and Red Wing are in beds of this 
stone that are quite similar as to texture, being open and loose, or having small scattered cavities. In these cavities 
are sometimes linings of drusy quartz crystals. In other beds this quartz is gathered instead into nodules of chert 
or flint, which, although having a white exterior, are hard, and often gray within. This is the condition of the 
quartz in the stone at Frontenac, but these flint lumps are not common there. In other places whole beds are 
cherty and worthless for a building stone. This formation, which probably at the present time furnishes more stone 
than any other in the state, is destined to be still further used for the same purpose, as it is most favorably situated 
at its exposures both for excavation and for shipment and transportation, and supplies one of the best materials for 
all purposes of architecture. It varies from a light buff to a light drab color. When placed in a structure it has a 
lively and cheerful expression. At Frontenac it is cut into ornamental forms with comparative ease, and the same 
kind of beds as those at that place are found throughout the southeastern part of Goodhue county and the northern 
portion, at least, of Wabasha. It is but slightly changed after many years exposure to atmospheric influences; 
indeed, it has not been in use long enough yet in the state to show any change whatever by lapse of time, although 
it is in some of the oldest buildings of the state. The homogeneity of its composition and texture, as at Frontenac, 
and the regularity and thickness of its bedding, are qualities that enable it to supply slabs and blocks of any desired 
dimensions. Its resistance to pressure, amounting to 5,000 to 7,000 pounds per square inch, is sufficient to warrant 
its use in all ordinary structures, while for door moldings and caps, for sills and water-tables, and for all trimmings 
to brick structures, it is unsurpassed. 

The limestone of the Saint Lawrence horizon, the lower portion of the great magnesian limestone of the west, 
in the vicinity of Stillwater lake, is often somewhat siliceous, and the determinations made at the National Museum 
for this report show it to be properly sometimes a dolomite and sometimes a siliceous dolomite. A chemical analysis 
of the samples of the stone usually show a high percentage of magnesia, considerable iron, and siliceous matter. 
At a quarry of this limestone at Stillwater, on lake Saint Croix, and on the Saint Paul and Duluth railroad, the 
ledge is about 45 feet thick, and extends still farther below. It alternates in bands of compact and of vesicular rock 
from 3 to 6 feet each, and there is about an equal amount*of each kind, all lying in horizontal courses. The coarse 
and vesicular dolomite is used for the heaviest masonry, such as bridge construction; it is in beds of from 18 to 30. 
inches thick, and is more firm and durable than either of the other varieties. One variety is called ‘ sand-rock ” 
by the quarrymen, though plainly containing very little, if any, quartz sand, and has a uniform and granular 
texture. The other principal variety is most useful for general purposes; it is especially sought for and adapted 
to use for sills, water-tables, and caps, making a stone which is fine and uniform in texture, and of uniformly light 
buff color. It yields a good surface under the hammer and chisel, and is employed for bases and tombstones ; it is 
also used for ashlar, pilasters, and copings. The use of this stone thus far has been only local, and the following 
are some of the buildings in the construction of which it has been employed: The state prison, public school-houses, 
one Catholic church, store building of Mr. Isaac Staples, Universalist church, and the Fayette-Marsh block, all 
in Stillwater. 

The Saint Lawrence limestone is quarried at Stockton, Winona county, for bridge construction and foundations, 
and employed in the railroad work along the Winona and Saint Peter railroad and in the towns on that road. The 
stone was used in the construction of the railroad round-house at Winona. In texture it is generally uniform, but 
sometimes vesicular, cherty, and geodic; in color it is buff; it is a dolomite containing a small percentage of iron. 
The stone is evenly and horizontally bedded in courses usually from 9 to 25 inches. There is a coarse concretionary 
(apparently brecciated) condition sometimes seen in this formation from 25 to 100 feet in thickness, which has to be 
entirely thrown away or used as filling by the railroad. A concretionary condition occurs in isolated masses and 
nodules, and does not extend far horizontally; at least it is not always present at any given horizon. The quarry 
is operated by the Chicago and Northwestern railroad, and most of the best stone is used in bridge and other 
construction. The Saint Lawrence is quarried also at Winona for general building purposes and flagging for local 
use; some of it is burned for lime and shipped to Minneapolis and Saint Paul. The location of the principal 
quarry is on an eminence known as Sugar Loaf hill. The stone has been used in the construction of a Congregational 
ehurch, an Episcopal church, and the jail at Winona. It is usually fine and uniform in texture, but some of it 
is porous and contains quartz lumps. The color is usually buff; it is evenly and horizontally bedded in courses from 
4 inches to 3 feet in thickness; there are signs of irregular stratificatioy. Blocks 8 by 6 by 24 feet thick have been 
quarried, and blocks of any size that can be handled may be quarried. The perpendicular joints are usually from 
10 to 20 feet apart. The magnesian limestones of Minnesota are generally buff in color—at least the dolomites are— 
the only variation from buff being in some of the aluminous parts of the Trenton, when the term “ dirty drab” | 
might be used, perhaps. ’ 

The Saint Lawrence limestone quarried at Red Wing, Goodhue county, is used locally for general building 
purposes and for quicklime. It was employed in the construction of Christ church, the Red Wing and Diamond 
flouring-mills, the first stories of the Saint James hotel, and the residence of Dr. A. B. Hawley; all at Red Wing. 
It is a dolomite, fine in texture; some is vesicular and some compact, and the color varies from buff to light buff. It is 
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evenly and horizontally bedded in courses varying from 4 inches to 3 feet. Blocks 8 by 6 by 24 feet in thickness have 
been quarried, and blocks of any size that can conveniently be handled may be quarried. The quarries at Red 
Wing do not differ much in the manner and kind of stratification, or in the quality of stone produced, from those at 
Stillwater. 

At Frontenac, in Goodhue county, this formation is quarried for general building purposes, and used to some 
extent also for bases and tombstones. It was used in the construction of Barney’s block, in Saint Paul. It is here 
also a dolomite of medium fine and very vesicular texture, buff in color, and evenly and horizontally bedded in 
layers often as thick as 54 feet; it is jointed at irregular intervals. The dimensions of the largest block that has 
been quarried are 11 by 7 by 54 feet, weighing 18 tons; this is about as large as can be obtained from the quarry. 
Saws and rubbing-beds are used in dressing this stone at the quarry. This stone is considered one of the best in 
the state; it is seen in some large first-class buildings in both Minneapolis and Saint Paul, and-the front of a large 
block in Minneapolis is being constructed of it by Mr. H. D. Wood. 

That limestone formation (Shakopee) which is wrought at Mankato, Ottawa, Kasota, Shakopee, and Saint 
Peter lies about 100 feet higher in the geological scale than the last mentioned, but it is in nearly all places where . 
wrought of nearly the same character and as useful for all purposes, though f does not present the evenness of 
texture and freedom from quartz seen in the Frontenac stone. At Kasota the river has at some early time stained 
it in the same way that it has the Saint Peter sandstone, near Mendota, giving it a rusty pink color, or a fawn color, 
as described by Featherstonhaugh, and at the same time greater tenacity and endurance under pressure—10,000 
pounds per square inch. For its beauty, its regularity of bedding—which is sometimes nearly 2 feet in thickness— 
and its homogeneous texture, which renders it easy to shape into all forms, it is adapted to ornamental work as well 
as heavy masonry. It is cut, as at Mankato, into posts, sills, caps, and water-tables. For its adaptability to all 
uses it is worthy of being ranked with the Waverly sandstone, which is beginning to be imported into Minneapolis 
and Saint Paul from Ohio, and it is more enduring even than that under the action of atmospheric changes, owing 
to the more general and abundant dissemination of the caleareous cement, while its variegated coloring and its 
more lively expression make it preferable in many kinds of work. It is used in the State Lunatic Asylum building 
at Saint Peter. The Episcopal church and the old asylum building are also constructed from it. The Baptist 
church in Saint Paul is built of the Kasota stone. In old structures where it has been exposed for a number of 
years to the disintegrating action of the elements it shows as hard and sound as ever. It even becomes harder at 
first on exposure as the quarry water dries out. 

The Shakopee, the upper member of the Lower Magnesian, is quarried at Kasota, Le Sueur county, for general 
purposes of construction, and especially for bridges, flagging, and tombstones. It is used throughout Minnesota, 
and in Eau Claire, Madison, and Hudson, Wisconsin; Le Mars, Sioux City, and Muscatine, Iowa; Sioux Falls, 
Dakota, and Winnipeg, in Manitoba. The following are some of the principal buildings in the construction of 
which it has been used: In the Insane Asylum at Saint Peter; trimmings in Saint Mary’s chureh, Minneapolis ; 
Plymouth church, Minneapolis, and Gilfillan’s and Odd Fellows’ blocks, in Saint Paul. The stone is a dolomite, 
ferruginous, and contains considerable siliceous matter. Specimens of the stone at the National Museum are 
dendritic. The stone at Kasota is all, or nearly all, stained with iron having a faintly-pinkish color, although 
originally buff. This stain comes from the flooding of the Minnesota river at early (glacial) times. The stone 
is suberystalline and vesicular, with signs of irregular stratification, and is evenly and horizontally bedded in 
courses from 3 to 4 feet in thickness. Blocks 10 by 11 feet by 1 foot thick have been quarried, and blocks of 
as large size as could be conveniently handled may be quarried. Around the joints there is a recent penetration 
of iron and carbonaceous stain, sometimes 6 or 8 inches in ue joints, having a wavy outline, according to the rate 
and ease of penetration by infiltrating water. This is usually cut away as waste in dressing blocks of the stone. 
Much of the stone at Kasota and some of the equivalent beds at Mankato have a color (designated by 
Featherstonhaugh as “‘fawn-color”) not common to building stone. It is an accidental quality due to the more free 
penetration or chemical retention of the iron of atmospheric ferrated waters. Wherever the stone of the Shakopee 
formation is found so situated as to have been covered by the Minnesota river in its flood stages, or in the floods 
of the glacial epoch, it is uniformly so colored. In none of its layers, when found in higher land in the interior of 
the state, is this color found, but it has usually the buff color of the weathered siliceous limestones (non-argillaceous). 
The highest-priced stone of the Kasota quarries is that which is most colored by the presence of iron, being faintly 
reddish or pink. 

Near Mankato, Blue Earth county, the Shakopee limestone is quarried for railroad-bridge construction and for 
general building purposes, and extensively used along the line of the Chicago, Saint Paul, Minneapolis, and Omaha 
railroad, the Winona and Saint Peter railroad, and the Chicago, Milwaukee, and Saint Pan railroad ; in western 
and Ri ate Minnesota; Eau Claire, Wisconsin ; Sioux Falls, Dakota; Le Mars and Sioux City, Tow a; and the 
following are some of ie buildings in the Pps Me tien of pinch it fae been used: The trimmings of the publie- 
school buildings at Sioux Falls and Albert Lea, Minnesota; the jail at Blue Earth; the state normal school and 
other schools at Mankato. The stone is here also a dolomite, containing some siliceous matter, usually ferruginous; 
buff in color, suberystalline, sometimes fine, close-grained, and sometimes open and vesicular, with cavities of half 
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an inch or less in diameter; signs of irregular stratification, evenly and horizontally peated in layers often 6 feet 
in thickness; it is irregularly jointed, and blocks 8 by 4 feet by 18 inches have been quarried, and blocks 20 by 10 
by 6 feet might be quarried. All the quarries in the vicinity of Mankato are in the same beds, and very nearly the 
same details of stratification are present. There is a bed of shale connected with the rock. at Mankato which in 
some particular localities becomes more calcareous, and is possibly suitable for a cement. The light blue color 
which appears in the deep portions of some of the quarries indicates the original color of all the rock; on further 
quarrying this blue color will probably increase in amount. The Galena limestone (at first a light buff stone) 
at Mantorville, in Dodge county, shows the same change in the deeper layers. In the quarry of the Winona and 
Saint Peter railroad, near Mankato, for quarrying convenience the layers are designated as follows, from the top 
downward : 

1st. White ledge, very fine-grained stone. 

2d. Red ledge, harder and pinkish. 

3d. Gray ledge, coarse-looking stone. 

4th. Soft ledge, will not stand frost. 

5th. Bridge stone, coarse in texture. 

The Trenton limestone, which is largely used at Minneapolis, Saint Paul, Northfield, Faribault, and Chatfield, 
and was formerly quarried at Fountain for shipment to points farther west on the Southern Minnesota railroad, 
is a bluish, rather dark colored stone, that varies in value very much at different places between Minneapolis 
and the southern part of the state. At points toward the north, nearer the old shore-line of the Paleozoic ocean, 
much aluminous shale was deposited, even in those comparatively quiet times when marine animals flourished and 
on their death supplied a considerable calcareous sediment. Farther south the quiet, lime-producing epochs were 
less mixed with aluminous sediment, and were separated more distinctly by periods of agitation when large amounts 
of shale were deposited. Hence in this formation at Minneapolis and Saint Paul the aluminous shaly ingrédient is 
distributed through the calcareous, and also constitutes heavy beds of itself, while at Northfield the calcareous 
layers are pure; at Fountain they are almost free from alumina and sand, and at the same time in passing toward 
the south the purely aluminous beds become less frequent as the caleareous become more numerous. The cities 
of Minneapolis and Saint Paul have to depend very largely on the Trenton limestone for building material or to 
import from other places. The stone itself has an attractive and substantial aspect when dressed under the 
hammer, the variegations due to the alternating shaly and limy parts giving the face a clouded appearance as of 
gray marble, without being susceptible of a uniform polish. Where protected from the weather the shale will 
endure and act as a strong filling for the frame-work of calcareous matter for a long time; but under the vicissitudes 
of moisture and dryness, and of freezing and thawing, it begins to crumble out in a few years. This result is 
visible in some of the older buildings, in both Saint Paul and Minneapolis, and has provoked a very general 
inquiry for some suitable substitute in those cities. The natural color of the stone on deep quarrying is blue, 
but it is often faded to an ashen drab to the depth of several feet, depending on the ease with which water and air 
find access within. The porous layers are apt to be most faded. The long-weathered surface is of a light buff 
color, or if iron be present in dripping water or contained in the stone as pyrites, so situated as to be oxidized, the 
color is sensibly deepened to a rusty yellow, and at the same time the stone is rendered more enduring on account 
of the irony cement. This is noticeable at Minneapolis and at Saint Paul, where the old river bluffs, formed before 
the last glacial epoch, have endured the exposure of a much longer period than the river bluffs between Fort 
Snelling and Minneapolis that have been formed by the recession of the falls since the last glaciation. The skaly 
portions in particular, where closely mingled with the calcareous, are so stained and hardened that the rock seems 
almost another formation. It becomes separated into layers 2 or 3 inches thick. Some of the first large buildings 
erected in Saint Paul were made largely or wholly from such iron-stained and weathered parts of this formation, 
and, although they do not present that uniformity of color and appearance of solidity and strength that the dark blue 
stone lately quarried gives to a building, the stone itself has withstood the climate and storms of this latitude more 
successfully than later buildings constructed wholly of the blue-stone. Toward the southern portion of the state 
this changed condition is not so noticeable, indeed it is not so possible. The beds are more compact and calcareous, 
and the effect of the elements is more superficial. 

In the vicinity of Saint Paul the rock is a slightly-magnesian limestone, containing protoxide of iron. The 
texture is fine and semi-crystalline, usually showing signs of regular stratification, evenly and horizontally bedded in’ 
courses from 3 to 24 inches in thickness, joints 10 to 30 feet apart; blocks 6 by 2 feet by 1 foot have been quarried, 
and blocks 10 by 5 by 2 feet may be quarried. Saint Paul and vicinity is the only market, and the following are 
some of the principal buildings in the construction of which the stone has been used: The Fire and Marine 
Insurance building, the cathedral, the McQuillan block, the German Catholic church, the custom-house, and most 
of the stone buildings in Saint Paul. 

In the immediate vicinity of Minneapolis the stoue contains varying amounts of magnesia, ordinarily hardly 


sufficient. to be called a magnesian limestone. The upper layers in nearly all of the quarries are made up of a 
siliceous dolomite. 
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The blue, slightly-magnesian limestone, however, preponderates at all the quarries, and silica and protoxide of 
iron are nearly always present in greater or less quantity. The following is a full section of the Tr sa a as exposed 
at the Minneapolis quarries, given in descending order : 

1. Dolomite, somewhat argillaceous, making a durable building stone, but generally not regarded as highly as 
the rock of No. 5; it contains numerous casts Of fossils; thickness, 8 feet. 

2. Similar to No. ft, or gradually becoming more impure with shale; thickness, 2 feet. 

3. Calcareous green shale, mainly in one bed or layer; thickness, 4 feet 8 inchés. 

4, The last passing gradually into a calcareous shale resembling the well-known building rock of this vicinity, 
sometimes used for rough walls, distinctly set off from the next below; thickness, 2 feet 4 inches. 

5. The regular building stone of Minneapolis. The shale which impairs this stone is intimately disseminated 
through the calcareous layers without showing regular lamination, yet causing a mottled or blotched exterior on 
being dressed; the fossil remains are usually comminuted; thickness, from 10 to 14 feet. 

6. A vesicular, less argillaceous, but magnesian and rather softer rock lying near the bottom of the blue 
limestone and generally not distinguished from it; thickness, 18 to 24 inches. 

7. Blue shale, worthless for building; thickness, 2 feet. 

As to the texture of the Minneapolis stone it is generally fine and compact, seldom vesicular, and often 
interlaminated with shaly belts. At some places it separates into laminz of from 1 inch to 2 inches on weathering; 
some of it is mottled with argillaceous spots, but is otherwise compact, though showing fragmentary fossils. The 
color of the stone most used at Minneapolis for construction is a light blue, and until recently it was used exclusively, 
but at present building stones from Ohio, Iowa, and Illinois are being introduced. Some of the building stones 
from other parts of the state are also being used in the city, particularly that from Frontenac and from Kasota. 
The Trenton at Minneapolis and Saint Paul splits under the weather along the dark argillaceous belts that pervade 
it, and for that reason is not now regarded as a first-class building stone. The better rubble from the upper 
layers of the Minneapolis quarries really embraces the best rock for dimension work, and as to quality it is as 
durable a rock as the highest priced; it is sold cheaper because of irregular shape in fracture, rendering it unfit 
for range work. However, the quarries in the central and northern part of the city do not have this rubble, nor the 
“soap rock”, which is sold for poor rubble, that layer having been denuded by the glacial and drainage forces so 
as to leave only the regular ‘‘ quarry rock”, which is No. 5 of the section before given of the Trenton at Minneapolis. 
The lowest layers in all the Minneapolis quarries show some variation in the composition and texture. 

The following is an analysis of the dolomitic white limestone at the Baxter quarry: 
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The blue limestone which prevails Padang this section is present in the same quarry. While this formation 
as a building material at its northern outcrops at Saint Paul and Minneapolis is rather inferior, at its southern 
exposures it furnishes a dark blue stone of excellent quality. Nothing can be more suitable for heavy walls, and 
especially for foundations below the water-table, and for all gothic structures, than the blue limestone taken from 
the formation at Fountain, or at some of the quarries at Faribault. 

At Cannon City, near Faribault, Rice county, the Trenton limestone is a calcareous dolomite, containing 
protoxide of iron and silica; color, bluish-drab; massive, uniform, fine, and fossiliferous in texture; evenly and 
horizontally bedded in courses varying from 4 inches to 3 feet in thickness. Blocks 12 by 4 feet by 10 inches thick 
have been quarried, and blocks 20 by 3 feet by 15 inches thick may be quarried if desired. It is perpendicularly 
jointed at intervals. The material is used for general building purposes sometimes, and formerly for table-tops 
and work of that character. The market is at Faribault and within a radius of 20 miles of that place, where it was 
used in the construction of the Deaf Mute Asylum building, Shattuck School building, Episcopal church, and the 
public-school buildings. 

The stone from the Faribault quarries is in the same stratigraphical horizon as that in the quarries at 
Minneapolis and Saint Paul. A comparison shows that the siliceous and the argillaceous impurities seen at the 
first-named place have greatly diminished in passing from north to south. There is a shale bed underlying the 
building-stone layers and separating them from the underlying Saint Peter sand-rock. The beds themselves are 
sometimes a foot thick, but are more generally from 6 to 8 inches in thickness. On deep quarrying they combine 
_ into heavier layers. 

At Minneapolis, and to some extent also at Saint Paul, there is a very different sort of stone in the Trenton 
limestone formation overlying the beds that are wrought, which is more enduring than the regular building 
stone. This does not appear in the quarries near the falls, but is seen in those near the university, where the 
formation has not been so much eroded. This rock is generally rejected by builders, as already stated, and is 
confounded with the worthless shale that separates it from the regular building-stone layers. It is an impure 
limestone, containing a large per cent. of silica and alumina, and also of carbonate of magnesia. It is more correctly 
a dolomite, resembling in that respect the rock at Red Wing and at Winona, though not having the bright, cheerful 
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color of the stone at those quarries. It is subcrystalline, rough to the touch, hard, but splitting to thin lenticular 
chips under the weather. It is of a blue color within, but on exposed surfaces becomes a dirty buff. The grain is 
close, except for the cavities resulting from absorbed fossils. The fragments into which the stone weathers out are 
brittle and somewhat sonorous under the hammer. The older portion of the State university contains a large amount 
of this stone, and its superior durability can there be seen. This ‘part of the Trenton limestone is about 8 or 9 
feet thick, and is separated from the blue-stone usually wrought by a thickness of 5 or 6 feet of worthless shaly 
rock, which builders sometimes smuggle into a wall. 

Still higher in the geological scale are limestones that appear in the southern counties, known as Upper Trenton 
and Galena. The banks of the streams that pass into Root river in the western part of Fillmore county and in 
southwestern Olmsted exhibit many large exposures of the Upper Trenton, and there are many quarries in it, but 
they are mainly for quicklime. They might be utilized for building stone, since the rock is heavy, firm, free from 
shale and sand, and easily accessible. The Galena beds are extensively wrought at Mantorville and at Spring Valley, 
and somewhat at other points in Fillmore and Olmsted counties, and in northwestern Goodhue county. The color 
of this rock is buff, sometimes dark buff, although on deep quarrying the heart of the beds shows that its normal 
color, like most other limestones, is blue. Its composition, like that of the rock at Red Wing and at Winona, is 
dolomitic, comprising a large percentage of carbonate of magnesia, but it is without the quartz that is found in 
the limestones along the Mississippi, and is on that account less hard to quarry and cut, as well as less durable. 
Its texture is open, even porous, with minute cavities, and sometimes with larger openings, due to the absorption 
of fossils. In this latter case it presents a rough and forbidding aspect. This, however, is not common, the 
sedimentation having been generally so undisturbed by chemical or.mechanical agencies that the layers are yet well 
preserved. The grain is crystalline and somewhat granular. Minute crystals of brown spar often line the 
cavities. It sometimes also embraces iron pyrites, which, weathering out, stains the face of the rock with iron rust. 
The granular texture seen in some parts of this formation, which is a character seen in most magnesian limestones, 
has sometimes made it pass for a sandstone. As a material for building it is a little surprising that this formation 
has not been more employed. It occurs in fine exposures in the southeastern part of Goodhue county, abundantly in 
Dodge county, as well as in Olmsted and Fillmore, along the streams, and can be extensively wrought. It furnishes 
a building material not only suitable for all ordinary uses in foundations and abutments for bridges, but one that cuts 
easily to a regular and smooth surface. Its bedding is sometimes heavy, reaching 2 or 3 feetin thickness, and the 
stone is strong enough to endure both pressure and long weathering. It is of a light and lively color, and in that 
respect has the advantage of darker-colored stone. 

The Galena limestone is quarried at Mantorville for general building purposes and to some extent for monument 
bases. The principal markets are Rochester, Mantorville, and Spring Valley. The following are some of the 
buildings in the construction of which the stone has been used: Wright’s hotel, two school-houses, the court-house, 
and Ginsburg’s brewery, in Mantorville. Blocks 22 by 25 by 24 feet may be quarried. The stone is evenly and 
horizontally bedded in courses varying from 6 inches to 3 feet in thickness; joints are irregular, crossing each other 
at varying angles. The various quarries here are near each other and furnish the same kind of rock. Mantorville 
is one of the old and important quarry towns in the state, but of late years, owing to poor wheat crops, there has 
been but little demand, and the quarries have been comparatively unproductive. The material is a siliceous dolomite 
containing iron in the form of sesquioxide. 

The limestone of Hudson River age is quarried at Clinton Falls, Steele county, near Owatonna, for walls and 
buildings, but more especially for foundations at Owatonna and in the surrounding country. It is a siliceous 
dolomite containing protoxide of iron ; in color it is a drab; its texture is sometimes slightly vesicular, but usually 
fine and compact; shows signs of irregular stratification, and is evenly and horizontally bedded in layers from 2 to 6 
inches thick. Blocks 4 by 4 feet by 4 inches are the largest that can be quarried, on account of the frequent joints. 

The Devonian limestones are of two very different sorts. One kind is found in Fillmore county, southwest of 
Spring Valley, and particularly along the tributaries of the Upper Iowa river. This stone in all respects except. 
its more even and close texture, being without the porous features, is like the Galena limestone at Mantorville. 
Its color is the same, but its even and non-vesicular texture is enough to distinguish it from the Galena. The 
bedding is also less thick, being, when in exposure, usually less than 8 inches, though when quarried it is also in 
heavy beds. It is a yellowish, magnesian limestone, sometimes with a finely arenaceous composition, and is suitable 
for most purposes in common masonry. It is tolerably free from calcite lumps, but has some chert nodules. It is, 
however, generally useful for a cut stone in its outcrops in Fillmore county. It has been but little opened in 
Minnesota, principally because the region in which it occurs has not yet developed so as to create a demand for 
first-class stone for building. In Michigan and Ohio this formation supplies some of the most valuable limestone 
for building. The other sort of Devonian limestone overlies the last, and is much finer grained. It is light-colored, 
or sometimes nearly white, hard, and fine. It is uniform in grain and texture, and not in the least porous. Some 
parts of it would make a beautiful white, or nearly white, marble, if it were deeply quarried. In ordinary 
working it breaks with a conchoidal surface, but by some care a uniform cutting can be made in any direction. 
Some of the beds of this rock are about 10 inches or a foot thick, but they are more frequently about 4 or 6 
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inches, and can then be got out in slabs of considerable size. It is a fortunate circumstance that sometimes layers 
of clay are interposed between the beds, which facilitates their being obtained insizable blocks. The most favorable 
point for yuarrying this stone is at Le Roy, in the southeastern part of Mower county. | 

' Limestone suitable for all purposes of building is found well exposed for quarrying along Deer creek, at 
Frankford, in Mower county. The age of this rock is not fully established,.but is supposed to be of the Upper 
Silurian age. This stone is suitable for heavy masonry, being often 3 feet thick or more. The stone has about the 
same color as that at Le Roy, but is somewhat darker. Its texture is vesicular, with abundant calcite and some 
chert, and itis apparently a magnesian limestone. | 


SLATE. 


At Thompson, where the Saint Paul and Duluth railroad crosses the Saint Louis river, the Huronian slates 
have been opened for the production of roofing slate, and with very good success. This enterprise is not now carried 
on, but there is no known reason why it should not he revived and made profitable. The slate is black, hard, 
and compact, fine and uniform, contains no spots developing crystals, pebbles, or other defects, and is apparently 
of the best quality. Considerable quantities which were taken out over ten years ago have been exposed on the 
ground to the weather at that place, and show no effect from such severe tests. The amount of the supply here 
is exhaustless, but of course some care must be exercised in selecting the beds for quarrying. Slates of different 
grades of hardness can be obtained, which will supply material not only for roofing, but for writing slates, tables, 
mantels, and all other uses to which such slate has been applied. The locality is perfectly accessible from the south 
by the Saint Paul and Duluth railroad, and from the west by the Northern Pacific railroad. 

A good quarry in this slate was opened at Knife Falls, Carlton county, by the Saint Paul and Duluth Railroad 
Company, in 1880. The quarry is at a point 5 miles north of the Northern Pacific junction, near the northern 
boundary-line of Carlton county. Considerable stone was taken out, but none has been shipped or dressed in the 
condition of roofing slate. All that has been quarried was designed for flags, and the pieces are from a quarter of an 
inch upward in thickness and generally contain about 6 square feet, though some are larger. They are dark blue 
or nearly black, smooth and uniform, and well adapted for flagging, flooring, or marbleizing. The form of the natural 
slabs, as determined by transverse joints, is subrhomboidal and rectangular. No prices or markets were 
established before the whole enterprise, which must have involved an expense of $15,000 or $20,000, was 
abandoned by the railroad company, which abandonment is said to have been brought about in pursuance of the 
policy of the company to re:.nquish all extraneous enterprises and conduct only railroading. This termination of 
such a movement has hud a bad effect on the reputation of the slate. Slates were quarried in 1870 on this formation 
at another point about 3 miles distant, and the weather has not yet injuriously affected it where used as roofing. 
This attempt was also very expensive to the owners, and, when the financial stringency came on, it was also 
abandoned. This formation appears very abundant in Minnesota farther north and east, especially about 
Vermillion lake, where the slates are less brittle and of a light green color. 


PAVING STONE. 


For pavement in ordinary roads or in the streets of cities a variety of material has been used, but in general 
the harder and tougher kinds of rock are the best. Sandstone is altogether too soft, unless it has been hardened 
into a quartzite by some method of metamorphism. Such changed sandstone is the quartzite at New Ulm and 
southwestward to Rock county, and also the quartzite or cemented sand-rock of the Cretaceous below New Ulm, 
in which the cement, being principally silica, has compacted the entire mass so as to form one very tough substance. 
This latter, however, is probably not obtainable in very large quantities, and its cemented condition is variable and 
perhaps not extensive. Still, whatever there might prove to be would, especially in connection with the Potsdam 
quartzites of New Ulm and of Rock and Pipe Stone counties, furnish a supply ample for that part of the state and 
for a large export to adjoining parts of Iowa and Dakota. The limestones of the Lower Magnesian, viz, those at 
Winona, Red Wing, Mankato, Kasota, and Shakopee, are better for paving material than other limestones that 
contain less silica, being firmer and harder and less soluble by water. Of good road material Minnesota has a 
superabundance. The granites, greenstones, traps, and quartzites form the most conspicuous feature in the geology 
of the northern and eastern portions of the state. The so-called trap-rock at Taylor’s Falls is the most accessible of 
the firmer kindsof stone, excepting the pebbles and bowlders found in the drift scattered nearly all over the state. 
The granite at Saint Cloud and Sauk Rapids is also accessible, and is nearly as durable. The gneisses of the Minnesota 
valley are very suitable for the same use, and the rocks of the north shore, being very largely tough dolerites, are 
superior for this purpose. Some of the best exposures are at Duluth of stone known as ‘Duluth granite”. These 
dolerites of the north shore are wrought into rounded forms on the beach by the action of the waves, and sometimes 
these rounded stones alone constitute the beach. They have been carried by ship-loads from Minnesota to Chicago 
and other cities for use in paving streets. They are found in considerable numbers in grading the streets of 
Minneapolis and Saint Paul, associated with similar forms of other hard rock, and are thrown with the dump and 
buried again. A little thoughtfulness would save thousands of dollars to each city. 
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FLAGGING. 


So far as known, the state is not abundantly supplied with stone that is naturally and easily separable into 
sheets for flagging. Yetit is to be borne in mind that there has not yet been created a large demand for flag-stones, 
and that perhaps when the demand arises some of the quarries now in operation, or others, will be found to possess 
a good supply of flag-stones. Some of the heds most likely. to furnish such stone of a durable character are the 
lighter colored, or at least the thinner bedded, portions of the red quartzite at New Ulm, or at some other points 
southwest of there. In the exposure of this quartzite at Redstone, near New Ulm, some of the lower layers are 
argillaceous and thin, and can be-got in large slabs, which, with proper handling, could be broken.to shape and size 
for flagging; but in general such beds are covered by a large thickness of firm, heavy layers of quartzite. 

The Cretaceous beds at Fritz’s quarry, a few miles below New Ulm, and at other places near, also will furnish 
a pretty good flagging, which it would be much easier to obtain than the stone at Redstone, the beds being separated 
by other layers of incoherent sand-rock. There are places in the Minnesota valley, above New Ulm, where the 
quarries would also furnish a good flagging stone, but of course, while more enduring in use, this stone would be 
more difficult to quarry. Of the limestones, or siliceous limestones, the beds of the Saint Lawrence or Shakopee 
formations are most promising. The former is in outcrop, as already stated, all along the Mississippi river fiom 
Winona to Hastings, and thencé up the Saint Croix valley to and beyond Stillwater, and the latter is characteristically 
exposed at Shakopee, Ottawa, Kasota, and Mankato. Some of the thinner beds furnish a very superior stone for 
flagging, which is now somewhat used for that purpose. At the present time it is generally broken up for lime- 
burning or is sold as inferior building stone. The exposures of the Saint Lawrence formation at Hebron and other 
places in Nicollet county, and at Saint Lawrence, nearly opposite Jordan, in the Minnesota valley, are also very 
favorably situated for obtaining flagging; at Saint Lawrence particularly the beds are of about the right thickness. 
Some firm slabs of flag-stone are obtained at Kasota. 

In the northern part of the state nothing is known that will answer for flagging, unless it be certain layers in 
the red sand-rock at Fond du Lac, or the argillite at Thompson. The former can be easily tested and readily 
obtained, but it would be rather soft for such use. It can be got in large slabs, but it would be refractory to 
work into shape and slippery in use, though very firm and durable when onee laid. 


IOWA. 
By W. J. McGzx. , $ 


The principal sources of knowledge of Iowa geology are the three reports of Owen, (a) Hall, (b) and White. (c) 
Unfortunately, the official surveys on which these reports were based were not carried to sucli detail as to afford 
more than a general outline of the geological ‘phenomena of the state, and accordingly the published information 
on the subject is much less full and accurate than could be desired. Moreover, since the last of these surveys was 
brought to a close, additional natural exposures of strata have been discovered, the number of artificial exposures 
has been tripled, and, in consequence, beds probably distinct from those officially recognized have been brought to 
light, and material defects in the official maps have been detected. 

In the dozen years that have elapsed since the publication of White’s report many data have been collected 
by different observers. These are in part scattered through various publications, but are yet mainly unpublished. 
Among the latter are the observations I have made during the past four years, extending over the Cambrian, 
Silurian, and Devonian systems, which observations, though made in a desultory and unsystematic manner, and 
imperfectly. connected, have been drawn upon almost exclusively in the preparation of the following descriptions, 
so far as the above-named systems are concerned. The descriptions of the newer systems are based mainly on 
the works of Hall and of White, especially of the latter, though in nearly every stage the observations of these 
‘gentlemen have been supplemented by my own. Since, however, careful and systematic geological work is yet 
required in every portion of the state, it is manifest that no high degree of accuracy can be claimed. Particularly 
reliable or particularly unreliable representations will be specifically indicated in the following pages. A few - 
modifications in the classification of the rocks have been introduced for reasons mentioned in the detailed descriptions 
of stages. Synonymy, etc., may be learned from White’s report, already cited. 








a Report of a Geological Survey of Wisconsin, Iowa, and Minnesota “ * * , Made under instructions from the United States 
Treasury Department. Published by authority of Congress. Philadelphia, 1852. 

b Report on the. Geological Survey of the State of Iowa. * * * Published by authority of the legislature of Iowa. 1858. 

c Report on the Geological Survey of the State of Iowa to the Thirteenth General Assembly. Des Moines, 1870. 
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QUATERNARY PERIOD. 


DRiFT.—Under this general term are included the several beds of aqueo-chemical, vegetal, glacial, lacustral, 
and alluvial origin, which represent no fewer than eight distinct deposits, and which cover the sedimentary strata 
over more than 99 per cent. of the state. While the thickness of the drift is variable, it is generally sufficient to 
preclude the economical extraction of the underlying rock for industrial purposes, and at the same time to embarrass 
geological investigation, except in the deeper valleys of erosion; and over fully one-third of the state its depth and 
continuity are such as entirely to conceal the older strata. 

Over much of the northern half of the state erratic bowlders of granite, syenite, and other crystalline rocks 
abound in the drift, and are more or less extensively employed for building and ornamental purposes. They are 
found in greatest abundance and perfection and of largest size in Butler, Bremer, Black Hawk, and Buchanan 
counties, where, as in all the northern third of the state, they either lie upon the surface or are but partially buried. 
Farthersouthward they diminish in size, become wholly buried, and finally diminish in number. The large bowlders 
have been most largely worked in Buchanan county, chiefly at and near Independence; but they are pretty largely 
employed for heavy foundations, bases, monuments, ete., at Osage, Mason City, Charles City, Waverly, Marshall, 
Eldora, and elsewhere. Smaller bowlders are also used for foundations, ete., either in their natural form or simply 
broken into irregular fragments (by blasting or by plugs and feathers), or, more rarely, dressed, in nearly every 
county in the northern part of the state, where they serve as a substitute for the inaccessible bedded rocks ; but 
the demand is so variable and the supply so limited that the industry is neither important nor permanent. 


CRETACEOUS PERIOD. 

INOCERAMUS.—This newest stage of the sedimentary strata of Iowa consists of three conformable chalky beds, 
of which only the uppermost is sufficiently indurated to form a weak and friable limestone. It isnot known except 
in the bluffs of the Sioux river in Plymouth and Woodbury counties, and it is practically worthless for purposes of 
construction, though the upper division is sometimes employed for cheap foundations, ete., in the vicinity of Sioux 
City. 

WoopspurRy.—The materials forming this stage are either sandstones, generally shaly and impure, or 
argillaceous, arenaceous, calcareous, or (rarely) bituminous shales. It is exposed along the Missouri and Sioux 
rivers in Woodbury county. At and in the vicinity of Sioux City the purer sandstone layers are quarried to the 
value of perhaps $1,000 or $2,000 per year, the product being used for common rubble, riprap, macadam, paving and 
curb stones, ete. The material is tolerably suitable for such purposes if care is exercised to exclude the obscurely, 
shaly, or otherwise defective portions. There is so much waste as to enhance its cost, but it can nevertheless be 
furnished at a less price than stone transported thither from better quarries. 
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NISHNABOTNA STAGE.—The Nishnabotna stage is mainly a coarse-grained, friable sandstone, generally quite 
ferruginous, sometimes gravelly and passing into pudding-stone, and rarely clayey. When cemented it is usually 
by iron, and it hence assumes the reddish-brown color of the hydrated sesquioxide. It is frequently obliquely 
stratified, and is generally massive or with very irregular and obscure bedding and jointage planes. It is exposed 
along the Nishnabotna river in Cass county, in Guthrie county, and in a few other localities ; the only important 
quarry being at Lewis. A few smaller quarries are operated near Lewis, and others are said to be worked in 
southeastern Guthrie county. 

Fort DopGE.—The stage to which it seems appropriate that this name should be applied is a deposit of nearly 
pure light gray, regularly-bedded gypsum, resting unconformably upon Saint Louis and Lower Coal strata, and 
unconformably overlain by drift, supposed to extend over an area of about 25 square miles in the vicinity of Fort. 
Dodge. The bedding is horizontal, and it is generally distantly and vertically jointed. It is also finely laminated 
horizontally in alternate white and gray lines, the latter containing all the slight impurity with which it is charged. 
It is quite soft when first quarried, but hardens considerably on exposure. Some years ago it was quite extensively 
used as a building material, but it has now fallen into disrepute. Among the structures built from it are an arched 
culvert over Two-Mile creek, on the Illinois Central railway, and the depot building on the same railway at Fort 
Dodge, both of which were erected from 15 to 20 years ago. Four years ago the culvert was seen to be in good 
condition, and during the past season but little sign of dissolution could. be detected in the depot building. 
Foundations built at about the same time are, however, reported to have given way. It is now almost exclusively 
employed in the manufacture of plaster of paris. 

I have made but few and casual observations in connection with the Cretaceous rocks of the state, and hence 
their description is mainly taken directly from White’s report. Itis probable that much of the northwestern third 
of the state is underlain by Cretaceous strata; but the depth of the drift is so great as to prevent the actual 
determination of the geographical extent of the system. The classification adopted is that of White, except as 
regards the gypsum deposit, which is provisionally given a specific stratigraphical designation and included within 
the Cretaceous system. As shown by White, the deposit is apparently a precipitate of sedimentary character 
(Geology of Iowa, 1870, II, p. 300), and it hence must have been laid down in a basin isolated from the sea and 
subjected to gradual evaporation; and since the Cretaceous seas extended farther northeast than those of any 
other age between sub-Carboniferous and Quaternary times, it is regarded as most probable that this little inland 
basin was filled by sea-water during that period, and desiccated during the elevation that closed that period in Lowa. 

The limited information as to the employment of the Woodbury sandstone for building purposes was mainly 
derived from incidental observations made some years ago; but from reports of a resident during the past season 
it appears that the material is used to about the same extent as at that time. 


CARBONIFEROUS PERIOD. 


UprEerR CoAu.—The materials forming this stage of the general Iowa section are, as far as known, pure, 
magnesian, argillaceous, arenaceous, and earthy limestones, generally intercalated with shaly bands and partings, 
together with shales, clays, sandstones, and a thin coal seam. The pure and magnesian limestones are regularly, 
smoothly, and approximately horizontally bedded, and generally distantly jointed by the ‘‘clay seams” of the 
quarrymen; though the ledges, especially in the pure limestones, are independently cut up into angular blocks of 
various sizes by irregularly-ramifying vertical ‘dry seams”, which often simulate fresh fractures. The area occupied 
by this stage is very considerable, though most of it is so deeply covered with drift that the rocks are accessible 
only along waterways. 

In addition to the quarries specifically reported on there are small quarries supplying local demands for common 
rubble (used chiefly for cheap foundations, etc.) at Glenwood, Malvern, Red Oak, Macedonia, Corning, Bedford, 
Clarinda, Numa, and Winterset, in southeastern Cass county, in southern Decatur county, and elsewhere, which 
collectively produce building material to the amount of many thousands of dollars annually ; indeed the demand 
for building stone for all except the more costly structures in the southwestern part of the state is chiefly met by 
the product of such local quarries. They are, however, so irregularly worked as to render it quite impossible to 
collect reliable statistics of their operation and product. All of these quarries are in limestone, the sandstones 
being worthless for building purposes so far as known. 

The dolomite, which occurs only at Winterset, and in a few ledges at Earlham, is light buff or grayish-buff, 
finely saccharoidal, homogeneous, tough, quite free from grit, and seldom penetrated by dry seams. It well 
resists exposure and the action of frost, and is in all respects an excellent stone. ‘The pure limestone is whitish or 
light gray, sometimes with a bluish tinge, finely suberystalline, the fracture being generally conchoidal. It usually 
occurs in only a few ledges at any point, intercalated with impure limestone, but is not confined to any part of the 
area of the Upper Coal rocks. It is somewhat injured: by dry seams, and does not perfectly resist the action of 
frost. The impure or argillaceous portions are light buff, yellowish, bluish, and sometimes blue-black, especially 
when freshly quarried ; is approximately homogeneous, fine, compact, and brittle, and much cut up by dry seams. 
This stone is soon destroyed by frost, especially when kept moist, as at the ground level in foundations. Both the 
pure and argillaceous phases are remarkably uniform in lithological character over the whole area of the stage. 
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MIDDLE CoAL.—This division of the Coal Measure series consists of shales, clays, sandstones, and limestones, 
with half a dozen thin coal seams, the limestones and sandstones occurring in thin, discontinuous beds. Its strata 
occupy a variable, tortuous belt, bounding the area of the newer stage, but not yet satisfactorily separable, 
geographically, from the Lower Coal stage. St. John mentions (Geology of Iowa, 1870, I, p. 284) that the limestones 
of this stage are quarried in the western part of Dallas county, and that the sandy ledges afford a fair freestone near 
Adel and south of Indianola; but it appears, from inquiries made, without visiting these localities, that neither 
here nor elsewhere are these rocks systematically quarried to any considerable extent. 

LOWER Coau.—The lowest member of the coal-bearing rocks in Iowa is mainly composed of shales, clays, and 
friable sandstones, with occasional thin layers of impure limestone and a number of valuable beds of coal, the 
whole occupying a very considerable but extremely irregular area. Over this area (which was largely determined 
by Hall and White) the strata are tolerably uniform in character and approximately horizontal, though sandstones 
predominate toward its eastern and northern margin, and in the isolated outliers, and the beds are apparently 
disturbed by a number of gentle parallel undulations which coincide in direction with the principal waterways. In 
some eases certainly, and apparently in nearly all, the lines of erosion follow the anticlinals. Moreover, its ‘~ 
attenuated margin is deeply lobed by the erosion of the tributaries of these streams and by all minor waterways 
which originate withinits area. Accordingly itis quite possible that the terminal portions of many of the eastwardly- 
extending lobes are nearly insulated; while conversely, the Story county, Pella, and other sub-Carboniferous 
exposures may be completely surrounded by coal-bearing strata. The rock oceurs in the southeastern part of Jones 
county, near Oxford, but its extent is not known. A brown sandstone also occurs in the eastern part of Delaware 
county, 5 miles south of Dyersville, and a ferruginous conglomerate is found in small quantities in the northeastern 
part of Howard county; but these exposures equally resemble the Nishnabotna sandstone, and may possibly not 
belong to cither the Cretaceous or the Carboniferous systems. 

The limestones of the stage are, so far as known, worthless for building purposes; but the sandstones, which 
are usually coarse, more or less ferruginous, heavily bedded or massive, rather distantly jointed, and often obliquely 
laminated, are quarried in many localities, chiefly near the margin of the area occupied by the stage, or in its 
isolated outliers. At Red Rock (9 miles north of Knoxville) it yields an excellent freestone of brick-red color, 
which attracted much attention a few years ago, but which is now mostly abandoned in consequence of the opening 
of quarries in superior limestone and sandstone strata of the Saint Louis stage in the vicinity. A less valuable 
freestone is reported to be quarried in a small way near Ripley, and in Boone county, 10 miles west of Sheldahl. 
At Steamboat Rock (4 miles north of Eldora), Eldora, near Marshall, at Kellogg, and south of Sigourney, a coarse, 
brown, friable, ferruginous sandstone, sometimes conglomeratic, which supplies local demands for common masonry, 
is quarried in a primitive manner whenever the material is called for; the aggregate annual product (excluding 
Eldora) is, on an average, about 80,000 cubic feet, worth about $2,500, but the output appears to have been less 
than usual for the past year or two. 

The sandstones of the outliers are, as a rule, superior to those of the Lower Coal area proper. At the Dutch 
colonies, in Iowa county (Hast Amana, Amana, Middle Amana, Hohe Amana, West Amana, and Homestead), 
lying from 5 to 10 miles east of Marengo, it is finer and firmer than in the localities previously mentioned, and 
generally obliquely laminated. It is employed in the construction of the principal buildings, including mills and 
factories, in the several towns. The laborers of the colonies work the quarries whenever building’ material is 
required, or they are not otherwise engaged, moving about 75,000 to 125,000 cubic feet of rubble per year; but 
since this labor has no financial equivalent, and the product is common property, the value of the material is 
indeterminate. In the outliers of Muscatine and Scott counties the rock is still more extensively utilized as a 
building material. In the western part of this area it is lithologically similar to thatfound at Amana, or somewhat 
coarser and more friable, as in the Hare and Starke quarries; but eastward it is finer and less ferruginous, as in\a 
quarry near Buffalo and the Goetsch quarry, in Davenport, where it is fine, uniform, clean, imperfectly cemented, 
and light buff or white in color. In the last-named quarry it reposes unconformably upon Devonian limestone, 
both being quarried, but neither extensively. 

Sarnt Lovurs.—This stage is made up of three distinct divisions. The uppermost of these consists mainly of 
pure limestone, sometimes ‘brecciated or concretionary, sometimes regularly bedded, compact, finely suberystalline, 
homogeneous and brittle, with a conchoidal fracture, and is overlain by a bed of clay, the whole being some 40 
feet in thickness. The middle member is a sandstone or freestone, usually regularly bedded, distantly jointed, firm, 
homogenous, and hard; its thickness never exceeding 20 feet, so far as known. The lowest bed is an equally 
homogeneous, compact, regularly-bedded, distantly-jointed dolomite of unusual strength, fineness, and toughness. 
The area over which the strata of this age form the floor of the drift is not known with sufficient accuracy to permit of 
separating this from the older stages of the sub-Carboniferous series ; butits outcrops are known in Lee, Des Moines, 
Henry, Washington, Van Buren, Jefferson, Keokuk, Wapello, Mahaska, Marion, Story, Hamilton, and Webster 
counties; its identity in the second as well as in the last three of these counties being stated on W hite’s authority. 

The uppermost division is the least valuable as a building material, though it is largely quarried for phocit 
purpose at Franklin, Mount Pleasant, Ottumwa, Chillicothe, Givin, Sigourney, Ames, Fort Dodge, Webster City, 
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and elsewhere. In all of these localities it forms a fair, sometimes excellent, building stone. It has also been 
quarried for use in lithography, chiefly near Farmington, where the rock is similar, lithologically, to that found at 
Franklin. It is no longer used for this purpose, since it has been found to contain too many dry seams, often 
cemented by crystalline carbonate of lime. Its ordinary color is light buff, light gray, or nearly white, sometimes 
with a bluish tinge; and its normal texture, where of value as a building material, is fine, homogeneous, brittle, 
and sometimes very hard, as at Ottumwa. This phase resembles the pure limestone of the Upper Coal stage. Itis, 
however, impure in its northwesterly extension. At Ames and at Webster City it is generally buff or yellowish in 
color, somewhat earthy or argillaceous, and quite similar to the impure portions of the Upper Coal limestone; while 
at Fort Dodge it is almost silty in part, dark blue or black when freshly quarried, though weathering to gray, and” 
very erratic and refractory under the hammer when first extracted. It need hardly be said that the stone from 
these quarries does not well resist the action of frost. Little is known of the Webster City quarry further than 
that it supplies local demands for cheaper masonry, and that it is not largely operated. The city is in part supplied 
with better stone from the Farley quarries. 

The middle division is largely quarried at Keokuk, Fairfield, Mount Pleasant, and Dudley. At Fairfield it is 
composed of siliceous sand in a calcareous matrix, and is irregularly bedded and closely jointed, rendering it 
difficult to find blocks of large dimensions ; but it is so hard, and resists disintegration so perfectly, that a door-sill in 
constant use for twenty years exhibits scarcely perceptible wear. ‘Ten miles northeast of Fairfield a small quarry, 
used locally, is said to yield much larger blocks of similar quality. Near Oskaloosa the rock is reported to be 
much the same as at Fairfield. It is here used for millstones with partial success. At Keokuk and at Mount 
Pleasant, but especially at Dudley, the ledges are smooth, uniform, distantly jointed, and free from dry seams, 
permitting the extraction of blocks 10 by 20 feet, or larger, though it is here less hard and indestructible than at 
Fairfield. The rock is generally gray or bluish-gray in color. | 

The lowest and magnesian member is extracted at Keokuk, Mount Pleasant, Chequest creek (5 miles southwest 
of Kilbourne), Brighton, Washington, Givin, Ottumwa, Dudley, Tracy, Pella, Durham, and Knoxville. At 
Washington, Brighton, and Knoxville it sometimes exhibits a styolitic structure, and is in addition rather irregularly 
stratified and closely jointed. At Durham, Pella, Tracy, Dudley, Givin, Chequest, and Mount Pleasant, however, 
it is regularly and rather heavily bedded, quite homogeneous, and distantly jointed. Its color varies from bluish- 
gray at Washington and Knoxville to bluish-buff at Chequest, yellowish-buff at Pella and Tracy, light buff at 
Givin and Durham, and whitish at Mount Pleasant; and in texture it is finely saccharoidal or compact, homogeneous, 
and tough, resembling in some cases the Upper Coal dolomite. At Chequest it is susceptible of a fair polish, and is 
widely known as “‘Chequest marble”, and at Tracy, Pella, and elsewhere it may be carved with great facility. 
The bluish tinge is remarkably permanent, as at Washington, where fractures exposed for a number of years 
exhibited no perceptible alteration in color, and appeared almost as fresh as if just taken from the quarry. 

KErokvuk.—This stage comprises two members, the upper being an irregular mass of shaly or calcareo-siliceous 
strata, abounding in geodes, while the lower consists of compact grayish or biuish limestone, generally regularly 
bedded, with shaly partings. The area covered by the rocks of this age is known to be limited, though it cannot 
yet be delineated cartographically. The only localities where these rocks are known to occur are portions of Lee 
and Des Moines counties, and a narrow belt along the Des Moines river, in Van Buren county, where they have 
been brought to the surface by one of the gentle anticlinals already referred to, coupled with the erosion of the 
valley. The stage appears, from White’s observations, to attenuate and perhaps disappear toward the interior of 
the state. 

The pure limestones of Keokuk age, like those of the Saint Louis and Upper Coal stages, are finely sub- 
crystalline, compact, brittle, homogeneous, and hard; light gray, whitish, and slightly bluish in color; but the larger 
portion is earthy or argillaceous, as is much of that of the Upper Coal. These impure limestones are buff, yellowish, 
or bluish, uniformly bedded, separated by shaly partings, which sometimes graduate into the ledges and again 
develop into considerable layers of clay; they are distantly jointed, but much cut up by independent systems of 
dry seams ramifying through each ledge, and liable to suffer disruption and disintegration when exposed to the 
atmosphere and frost. The Keokuk strata are not extensively quarried, the important quarries being confined 
to Keokuk and Bentonsport. 

The smaller quarries in the vicinity of Keokuk and near Bonaparte, 5 miles southeast of Bentonsport, are also 
in this stage. The material is employed to some extent for dressed caps, sills, etc., as well as for rubble, macadam, 
and other common grades of building stone. 

BURLINGTON.—This stage, like the Saint Louis, is made up of three well-marked beds. The uppermost division 
consists mainly of light gray, whitish, or buff, regularly-bedded, compact, suberystalline limestone of approximate 
purity, with occasional clayey or shaly partings, becoming siliceous, cherty, and irregular toward the top. The 
middle member is predominately siliceous, but it is generally shaly, seldom sandy, and without compact and regular 
strata. The lowest division is a yellowish or grayish, compact, pure limestone, regularly and rather heavily bedded 
centrally, but cherty both above and below. The highest member constitutes about one-half and each of the two 
lower divisions about one-fourth of the total thickness of the stage. Its geographical extent is probably still 
less than that of the Keokuk division of the sub-Carboniferous rocks, since it is known only at its typical locality, 
Burlington, along lines of erosion in Des Moines and Louisa counties, and in the northern part of Washington 
county. , ; 
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The Burlington rocks are practically identical with those of Keokuk, and are similarly used for common masonry 
and occasionally for dressed work. They are, however, extensively quarried only at Burlington. Portions of the 
uppermost division are nearly white in color, fine, compact, homogeneous, and hard, with a conchoidal or splintery 
fracture, like the so-called lithographic limestone of the Saint Louis stage. This phase has been used to some extent 
for ornamental purposes, but it contains too many incipient fractures and is too liable to unexpected disruption to 
be of special value. 

KINDERHOOK.—The rocks of this age, which occupy a singularly long and narrow belt, are of rather variable 
character. At Burlington nearly the whole thickness of the stage is made up of shales and clays, with a few 
unimportant beds of limestone at the top, which include oolitic and magnesian layers. This phase is tolerably 
constant throughout Des Moines county, the dolomite forming the upper, the oolite the middle, and the shale the 
basal and principal portion. Along English river in Washington county the dolomite is considerably thicker (the 
oolite remaining inconspicuous), and, though rather earthy and irregularly bedded, is quarried in a small way near 
Riverside and Kalona, yielding common and heavy rubble, locally used for foundations, well-rock, bridge-piers, 
ete.; the average annual product of the several quarries probably falling below $1,500 in the aggregate. The stage 
is next known in Tama and Marshall counties, on both sides of the Iowa river. Here the basal shaly division is 
mainly absent or concealed beneath the river level, not to appear again in Iowa, and the two calcareous divisions 
are of predominant importance. At Montour the oolite is heavily bedded or massive, regularly and tolerably 
distantly jointed, and gray or bluish-gray, weathering to buff or yellowish. On the opposite side of the river the 
same oolite is less heavily and more regularly bedded, and is quarried by a number of individuals for lime and 
common rubble, the rubble supplying the vicinity and the towns of Toledo and Tama. These quarries are generally 
operated by farmers during leisure time, and yield collectively perhaps 75,000 cubic feet per year, worth about $750 
at the quarries, or $3,000 delivered. A similar phase is presented at Conrad, Grundy county, where the material 
is more extensively utilized. Near Le Grand the uppermost or magnesian bed shows a thickness of over 40 feet, 
while the oolite is mainly beneath the river. Here the dolomite is regularly and rather heavily bedded, distantly 
jointed, compact, fine, and homogeneous, and generally buff, whitish, or yellowish in color. The coarser ledges are 
here so extensively used for rubble, bridge work, dimension stone, and other purposes as to require a railway 
station for the sole use of the quarry; while the finer ledges, which are often beautifully veined by iron peroxide, 
are sawed into slabs and shipped to distant markets for ornamental purposes, under the name of “Iowa marble”. 
Near Dillon the same dolomite is unusually hard and firm, and is the sole member exposed. At and near Iowa Falls 
the two uppermost divisions of the same stage (as identified by White) again appear; but here the limestone is 
pure, finely subcrystalline, compact, hard, and without a trace of oolitic structure, and the dolomite is remarkably 
magnesian, generally heavily but regularly bedded, though in part massive and tolerably distantly jointed. Both 
members are quarried quite largely. The purely calcareous bed here resembles lithographically the brittle white 
limestone of the Burlington, Keokuk, Saint Louis, and Upper Coal stages. Several small quarries have been opened 
in the Kinderhook strata toward and above Alden, along the Iowa river; but their product is insignificant. At 
Humboldt and Dakota both the oolitic and subcrystalline phases of the middle bed, as well as the magnesian 
division, are exposed and largely quarried. Near the headwaters of Lizard creek the purely calcareous division 
again approaches the surface over a considerable area, and is exposed in a number of localities in both the oolitic 
and suberystalline aspects. It is here quarried in a small way by half a dozen individuals in both Humboldt and 
Pocahontas counties, the total value of the annual product falling short of $1,000. The material here appears to 
be of unusual strength, hardness, and homogeneity, is regularly bedded and not very closely jointed, and promises 
to be of great value when the quarries are properly opened and adequate means of transportation provided. In 
addition to the foregoing there are small quarries near Ackley and Hampton which yield thinly-bedded, “shelly”, (a) 
irregular limestones representing this stage, and another of like character is said to exist near Eldora, where a 
ravine cuts through the Lower Coal sandstone. The product of these quarries is trifling, and the real value of 
the material is very small since the use of it is almost an injury to the consumer. 


DEVONIAN PERIOD. 

HAMILTON.—The Devonian rocks of Iowa are extremely variable, both lithographically and paleontologically, 
but our knowledge concerning them is meager. The predominant lithological phases may be enumerated and 
described in the order of their excellence: 

1. The “Old State House” dolomite. 
. The Mason City dolomite. 
. The Mason City limestone. 
The La Porte limestone. 
. The Osage dolomite. 
. The Buffalo limestone. 


bo 
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a The convenient term “shelly” (prebably a corruption of shaly) is frequently applied by quarrymen in this state to rock which 
separates into irregular plates, generally an inch or less in thickness, and a foot or more in diameter. Such rock may not be shaly, as 
shown by the comparative purity of the Kinderhook limestone where it exhibits this phase. The phrase “excessively thin-bedded” might 
be equivalent, if the limited lateral extent of the plates were also borne in mind. 
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7. The Iowa City limestone. ; 
8. The Waverly limestone. 
9. The Independence limestone. 

10. The Cedar Rapids limestone. 

11. The Fayette breccia. 

12. The Rockford shale. 

13. The Independence shale. 

1. The first of these is a peculiar, heavily-bedded or massive, slightly-magnesian gray limestove of remarkable 
homogeneity, toughness, and durability, largely made up of comminuted fragments of fossils, chiefly Atrypa 
reticularis. It is found at the North Bend or Old State House quarry, 9 miles northwest of Iowa City, not 
visibly associated with other strata; and only since the collection of statistics for the Census Office was completed 
has it been found to pass beneath apparently conformable strata of limestone of the Iowa City phase at Roberts’ 
ferry. It is not known except in the immediate vicinity of the great bend in the Iowa river. 

2. The Mason City dolomite is a rather heavily and regularly bedded brown and brownish-buff, distantly 
jointed, saccharoidal, homogeneous, tough, and compact magnesian limestone, lying conformably beneath pure 
limestone strata, and only known in the deeply-eroded valleys of Lime and Willow creeks at Mason City. 

3. The third phase is a light gray or white, compact, homogeneous and brittle, finely subcrystalline, pure 
limestone, usually rather heavily bedded and distantly jointed, though considerably cut up by independent 
systems of fractures in each ledge. It closely resembles the pure limestone of the Upper Coal at Earlham, 
Stennett, Corning, and other localities; of the upper division of the Saint Louis at Franklin, Farmington, Mount 
Pleasant, Ottumwa, and elsewhere; of the Keokuk and Burlington at their typical localities; and of the middle 
division of the Kinderhook at Iowa Falls. Similar rock occurs elsewhere in occasional ledges, as at Garrison, 
Waterloo, Orchard, Floyd, Marble Rock (where the name of the town was derived from it), Osage, and Mitchell. 
The phase indeed appears to graduate into that of Iowa City on the one hand and into that of Waverly on the 
other, though it is approximately uniform throughout at Mason City. 

4. The La Porte limestone is rather heavily and regularly bedded, compact, homogeneous, rather finely 
subcrystalline, but at thesame time slightly tough. Itis not quite pure, is somewhat unctuous to the touch, resists 
the action of frost fairly, and resembles the Mason City limestone as regards jointing. It appears to be normally 
bluish-gray, changing to gray or whitish on oxidation; but, asin the Saint Louis dolomite of Washington and 
Knoxville, the alteration is accomplished so slowly that partially-oxidized blocks remain distinctly mottled for 
years. A precisely similar phase has not been detected elsewhere, though certain ledges of the La Porte quarry are 
essentially identical with certain ledges occurring at both Iowa City and Waverly. 

5. The Osage dolomite is a somewhat earthy and slightly ma gnesian limestone of light buff or yellowish color,. 
and of tolerably fine, homogeneous, and compact texture. It is regularly bedded, sometimes with earthy, shaly, or 
cherty partings, rather distantly jointed, but sometimes independently seamed. It exhibits in a slight degree the 
tendency to become separated into angular fragments on exposure to the atmosphere, and especially to frost, 
‘ which characterizes all of the inferior rocks of this stage. It is of rather variable character, and can only be 
arbitrarily separated from portions of the Waverly limestone. It occurs associated with limestones of the Mason 
City and Iowa City phases at Osage, Mitchell, Saint Ansgar, and Orchard; with the Waverly limestone at Waverly 
and Waterloo; with the Mason City limestone at Marble Rock (where it exhibits but very slight tendency to fracture 
on exposure), and with the Iowa City, Buffalo, Independence, and Iowa City phases at Davenport. 

6. The Buffalo limestone is irregularly bedded, obliquely and rather closely jointed, blue, but weathering to. 
gray within a year or two after quarrying, generally abundantly fossiliferous, and extremely hard, brittle, and 
refractory. Itis quarried at and near Buffalo, where the fossiliferous portions are slightly used for ornamental 
purposes, chiefly for paper-weights, table-ornaments, and the like, large pieces of uniform character being difficult to 
procure. It is liable to become fragmentary on exposure. A somewhat similar but less hard and pure fossiliferous 
limestone is found at Charles City and Nashua, and unfossiliferous rock, resembling. that of certain ledges of the 
Buffalo quarry, occur at Davenport, West Union, and in a few other localities. 

7. The phase assumed at Iowa City is that of a non-magnesian but sometimes argillaceous, fine-grained, 
subcrystalline limestone, blue or even black on fresh exposure, but rapidly weathering to gray, buff, or whitish. 
It is tolerably regularly bedded, with occasional shaly or clayey partings, generally distantly jointed, but much 
cut up by independent systems of dry seams and fractures of fresh aspect, and it is quite disposed to become 
fragmentary onexposure. It oceurs at lowa City, Roberts’ ferry, Muscatine, Atalissa, Garrison, La Porte (in the: 
five last-named localities associated with other phases), Solon, Fairfax, Marion, and elsewhere. At Bristow the 
rock is quite similar, and at Rock Falls and West Union (in part) it partakes somewhat of the character of the 
Buffalo limestone. At Iowa City and Roberts’ ferry it abounds in crystalline masses of the Hamilton corals, A. 
cervularia davidsoni and Farvosites (of two or three species), forming respectively the Bird’s-eye and the Fish-egg 
varieties of the so-called Iowa City marble. 

8. The Waverly limestone differs from the last in being more earthy, slightly magnesian, more yellowish in 
color, and still more disposed to become fragmentary on exposure. It occurs at Waverly, Shell Rock, Waterloo, 
Independence, Raymond, Vinton, Davenport, and Chatham, generally associated with other phases. Some blocks. 
obtained a number of years ago from the latter locality, however, resemble the La Porte stone. 
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9. The Independence limestone is hard and brittle, blue, but weathering to gray, irregularly stratified or 
shelly, and regularly and closely, though often obliquely, jointed. It prevails near the eastern margin of the 
stage, as near Cresco and Lime Springs, north of Waucoma, at Payette, Quasqueton, Independence, and in several 
smaller quarries. It is usually fossiliferous, fragmentary, and somewhat similar to the Buffalo limestone. 

10. The Cedar Rapids limestone somewhat resembles that of Iowa City, save that it is without regular jointing 
or bedding, and is so extremely fragmentary as to be worthless, except for macadam, railway ballasting, ete. It 
occurs at Cedar Rapids, west of Mount Vernon, at Atalissa, and in part of the Davenport quarries, where it is 
associated with other phases. | 

11. At Fayette, Quasqueton, and elsewhere, a bed consisting of an gular fragments of compact, brittle limestone, 
embedded in a matrix of similar material, occurs. It is of no value for purposes of construction. 

12 and 13. Neither the Rockford nor the Independence shales yield materials that can be used for building 
purpeses in their natural condition. Both are made up of shales and clays. 

It will be observed that a number of the quarries mentioned in the foregoing paragraphs are not represented 
in the tables. All of these are small, except a few which have been practically abandoned within a few years. 
More than thirty different openings have been visited during previous years. In the aggregate the average annual 
product of these small Devonian quarries is about 1,000,000 cubic feet, and the value of this at the quarries is about 
$22,000; though the value of the stone used for building purposes is considerably less than this. The material has 
been used mostly for foundations and underpinnings; some for bridge work, flagging, sills, etc., and some for railway 
ballast and for macadam. Most of it has been used in the vicinities of the quarries ; a little has been shipped from 
Rock Falls and from Nashua. 

The Devonian rocks of the state have been casually examined by a number of geologists in different localities, 
and have been referred to several stages, including the Chemung, Hamilton, Marcellus, Corniferous, and Upper 
Helderberg; but in view of the meager knowledge of the several beds yet acquired, it has been deemed the least 
objectionable course to provisionally group all together under the name of the single stage to which they were 
assigned by White. 

UPPER SILURIAN PERIOD. 

NIAGARA.—This sole stage of the Upper Siiurian, as found in Iowa, is nearly everywhere a buff, brownish, 
yellowish, or whitish dolomite; though hard, brittle, and vesicular, non-magnesian masses of gray color, burning 
into excellent lime, occasionally appear. Considerable portions abound in chert, which usually exists in the form 
of nodules; but it permeates the material sometimes to such an extent as to form continuous but generally vesicular 
and irregular ledges, the cavities being filled with dolomite. Other portions are friable, cavernous, vesicular, 
destitute of homogeneity, shelly, or cut up by dry seams. All such portions, which collectively constitute by 
far the greater part of the stage visible from the surface, are of course quite worthless for other constructive 
purposes than road-making. The portions extensively utilized for building material are either regularly and 
rather heavily bedded and distantly jointed, finely saccharoidal, homogeneous, and tough, and of buff, light buff, 
or whitish color, as at Farley, Le Claire, Littleport, Volga, Cascade, Clay Mills, Maquoketa (in part), Buena Vista 
(in part), Princeton, and in most of the smaller quarries of Clayton, Dubuque, Jackson, and Scott counties; finely 
laminated horizontally, distantly jointed, and without dry seams, finely saccharoidal and tough, and of buff, 
yellowish, or whitish color, as at Anamosa, Stone City, Mount Vernon, Olin, Hale, Fairview, and Buena Vista (in 
part) ; heavily bedded or massive, distantly jointed, saccharoidal, moderately tough and firm, and brown, brownish- 
buff, or brownish-yellow in color, as at the Williams quarry (between Postville and Clermont), Waucoma, Cresco, 
Brainard, and Foreston; irregularly bedded and jointed, somewhat friable, finely vesicular, imperfectly homogeneous, 
and varying from brown to white in color, as at Clinton, Lyons, Comanche, and Sabula (in part); tolerably 
regularly but variably bedded and distantly jointed, though with occasional dry seams, firm, hard, and somewhat 
brittle, buff or light buff, with veinings of oxide of manganese, as at Delhi, Monticello, Central City, Maquokets 
(in part), Sabula (in part), De Witt, and Tipton ; or, finally, tolerably regularly bedded and not distantly jointed, 
fine, compact, homogeneous, brittle, and blue or light blue in color, as at Manchester, where alone this aspect has 
been seen. In nearly all of these phases the rock discloses occasional dry seams, which are generally straight, 
diagonal to the jointing, vertical, and discontinuous, often terminating in both directions in a single block ; which 
seams may be partially or wholly cemented by crystalline calcite or dolomite, generally stained with iron oxide, and 
never simulate fresh fractures. They are seldom abundant in the larger quarries, but are nearly everywhere a 
source of some annoyance to the quarrymen, since they are most likely to occur in the larger blocks. The great 
importance of this stage as a source of building material has already been pointed out. 

The number of small quarries not represented in the tables is about 40, the average annual product of which 
is about 800,000 cubic feet of stone, valued at the quarries at about $18,000, The stone is used almost exclusively 
for foundations, principally in the vicinity of the quarries. 


LOWER SILURIAN PERIOD. 


MAQUOKETA.—The materials forming this stage are mainly shales and clays, with occasional irregular and 
discontinuous beds of impure limestone; none being pf value for building purposes. Its strata only appear in a 
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narrow belt along the eastern margin of the Niagara stage. The stage becomes so attenuated in thickness in its 
northwesterly extension as to be quite unimportant both stratigraphically and geographically, though it can he 
traced to the north line of the state. 

GALENA.—The greater part of the Galena stage consists of heavily bedded or massive and rather distantly 
jointed buff dolomite, of firm and tolerably compact texture, though sometimes vesicular or cavernous; but its 
upper portion is more argillaceous, regularly bedded, with shaly partings, and with its ledges independently but 
distantly fissured. The area occupied by the stage is inconsiderable, though, like the Maquoketa, its attenuated 
northwesterly extension can be traced quite to the state line. The rocks of the Galena stage are extensively 
quarried only at Dubuque, but they are extracted for local consumption near Elgin, at Elkader, near Massillon 
(4 miles west of West Union), and in a few other localities; the total product of these small quarries reaching 
about 50,000 cubic feet, worth not over $1,000. Twice this amount should also be added for the small quarries at 
Dubuque not specifically reported. é 

TRENTON.—In its more southerly exposures this stage is mainly composed of compact, hard, and brittle, blue 
or bluish-gray limestone, frequently rich in fossils, irregularly bedded, often shelly, rather closely jointed, and 
disposed to disintegrate rapidly. Northwardly it increases greatly in thickness, mainly by the addition of beds of 
clay and shale. It is occasionally buff or grayish in color in shallow quarries (i. e., those of less depth than that 
to which oxidation has extended), destitute of fossils, and slightly argillaceous, when it considerably resembles 
the Iowa City phase of the Hamilton. The hard, brittle, fossiliferous portions, which are not greatly different from 
the Hamilton limestone as found at Buffalo and Charles City, are also generally slightly argillaceous, the clay 
appearing in irregular dirty lines or blotches after exposure. 

The rocks of the stage are largely quarried at Decorah and Waukon. At Florenceville they are extracted 
for rubble and dimension stone to the extent of some 30,000 cubic feet, worth about $750 annually, the material 
supplying local demands, and being moved occasionally to Cresco and neighboring towns. The rock is here fine, 
compact, and brittle, breaking with a conchoidal fracture, and ringing under the hammer. It is normally blue, 
but is bluish-gray near the surface. Ata depth it is massive, but near the surface it is divided into somewhat 
irregular ledges by smooth, clean, horizontal fissures. At Bluffton (between Florenceville and Decorah) it is quarried 
for local use to about as great an extent, though the value of the product is probably below $500. At Elgin, 
Frankville (6 miles northwest of Postville), Postville, and Clayton there are local quarries whose average product 
will equal that of Bluffton. 

At Bluffton, Frankville, and Clayton the dark blue, fossiliferous phase is represented; but at Elgin and at 
Postville the rock more resembles that of Florenceville, though containing occasional, and sometimes abundant, 
trilobites. At Guttenberg both phases are tolerably largely quarried, perhaps half of the buildings in the town 
being constucted from Trenton limestone extracted in the immediate vicinity. The annual product of the two or 
three quarries here has been less than usual for a few years, but probably reaches 100,000 cubic feet, worth about 
$2,000. The stone is used for rubble, dimension work, and road material. A small quarry at Buena Vista (5 miles 
below the mouth of Turkey river) has yielded material employed in the construction of a large warehouse, and a 
large amount of railroad ballasting, but the average product is below $500 per year. In addition to these there 
are many small and unimportant quarries, some of which supply but one or two consumers, scattered over the 
whole area occupied by the Trenton stage. 

SAINT PETER.—This stage is literally a bed of siliceous sand of remarkable purity and uniformity. It is 
nowhere sufficiently indurated to form a valuable building material in its natural condition. 

LOWER MAGNESIAN.—Rocks of this age only appear in and along the valleys of erosion in the northeastern 
part of the state, where they form the summits of the picturesque bluffs of the Mississippi and the Oneota rivers 
and their tributaries. The material is essentially a coarse, saccharoidal, vesicular, cavernous, and non- homogeneous 
light buff dolomite, usually heavily but rather irregularly bedded, and without weli-defined jointage planes. It is 
only rarely that the material is at the same time so firmly indurated, so free from irregular cavities and crystalline 
nodules, so homogeneous in texture, and so uniformly bedded as to be available as a building stone, and even where 
these several conditions are as favorable as they are ever found to be, the rock is rather coarse, irregular, and otherwise 
inferior. Its resistance to atmospheric action is, however, eloquently attested by the mural precipices, castellated 
battlements, slender pinnacles, and rugged declivities which combine to form the magnificent scenery for which its 
area is justly famed. It is extensively quarried only at McGregor and Lansing, though, like the Trenton, it abounds 
in unimportant quarries which sometimes supply but a single consumer. 

In Minnesota this stage has been separated into three members (Shakopee, Jordan, and Saint Lawrence) by 
N. H. Winchell, while in Wisconsin a like number of probably not equivalent divisions (‘Main Body”, Madison, 
and Mendota) have been recognized by Irving; but none of these divisions can be either stratigraphically or 
geographically traced, nor have they indeed been clearly identified in Iowa. 
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PotspAM.—This stage is predominantly sandy, and consists mainly of imperfectly-cemented sandstones, with 
occasionally shaly intercalations which sometimes develop into considerable beds of fossiliferous shale. It is 
exposed only in the walls of the deep valleys occupied by the Mississippi and Oneota rivers and their principal 
tributaries. It is not known to be quarried except at Lansing, where it forms an inferior material for common 
masonry. (The Potsdam of Hull and White is the equivalent of the Saint Croix of N. H. Winchell.) 

Stoux.—As developed in Iowa, the Potsdam sandstone is made up of hard, brittle, homogeneous, and rather 
fine pink or reddish quartzite, irregularly bedded or massive, and closely jointed, the jointage planes being frequently 
oblique to the vertical and not rectangular in the horizontal plane. It is found only in the extreme northwest corner 
of the state, and extends thence into Minnesota, where it is denominated Potsdam by N. H. Winchell. 

There is a possibility that quarries of some importance have not been reported from some of the counties in this 
state. There are 19 counties known to be so deeply drift-covered as to be destitute of exposures of bedded rocks. 
These are Audubon, Carroll, Clay, Crawford, Decatur, Dickinson, Emmet, Fremont, Greene, Harrison, Lyon, Osceola, 
Monona, O’Brien, Palo Alto, Sioux, Wayne, Winnebago, and Wright. There are 32 counties in which there may 
be some small quarries which have not been indicated, though all possible inquiries as to their existence were 
made in passing through. These are Adair, Appanoose, Boone, Clarke, Dallas, Davis, Des Moines, Guthrie, Hamilton, 
Henry, Humboldt, Jasper, Jefferson, Keokuk, Lee, Louisa, Lucas, Madison, Mahaska, Marion, Mills, Page, Plymouth, 
Polk, Ringgold, Shelby, Union, Van Buren, Warren, Washington, Woodbury, and Worth. 

The remaining 48 counties were so thoroughly examined that it is quite certain that no important omisssions 
thave been made. 

MISSOURI. 


a By G. C. BROADHEAD. 
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ARCHZAN. 


This includes the granites and porphyries and their associated and intrusive beds in southeast Missouri. The 
granites are generally coarse in texture, feldspathic and quartzose, deficient in mica, red in color, or else of various 
shades of gray, sometimes blending into a reddish-gray. They crop out in massive beds in the northern portions. 
of Iron and Madison counties and in the southern part of Saint Francois county, with isolated exposures in Sainte 
Genevieve and Crawford counties. They afford our best quality of building stones. In some localities there 
is evidence of disintegration and decomposition on a grand scale; as, for example, 8 miles west of Fredericktown. 
At this place a well sunk 75 feet in depth passed entirely through granitic sand. In the western part of Madison 
county, at Lloyd’s, south of Blue mountain, we also find evidence of considerable disintegration. These are probably 
due to chemical causes. 

The phenomenon of rocking-stones is exhibited near the Ozark quarries, 4 miles southwest from lron Mountain. 

In the northern part of Madison county, east of the Saint Francois river, gray porphyritic granite appears over 
an undulating district near the Iron Mountain railroad. West of the Saint Francois river, the red granite rises into: 
mountain peaks. 

A syenitic granite forms a “shut-in” (a) on Saint Frangois river near the Einstein mine, forming the ‘‘ rapids” 
in Saint Frangois river. It is traversed at this place by a dike of black dolerite 44 inches wide bearing S. 60° W. 
A few miles north of this, also on the river bank, we find it containing numerous specks and scales of micaceous. 
iron and also much pyrites. Half a mile west the granite is traversed by a narrow dike of black dolerite 11 
inches wide at the north end and 4 inches at the south end. From the north end it bears S. 32° W. for 30 feet, 
thence it gradually curves to 8. 82° W. a distance of 5 feet. The adjacent granite wall has been slightly darkened 
and indurated by contact. 

At the “Lloyd” place, in Sec. 15, T. 33, R. 5 E., a shaft in decomposed syenite has revealed a vertical dike 18. 
inches wide bearing northeast and southwest. Two hundred feet northwest another shaft reveals a north and south 
dike of similar rock 2 feet wide. The dike is of a gray dioritic character. A quarter of a mile east there is a 
ereenstone dike 8 feet wide bearing a little west of rorth. Washings of sandy débris thrown out show a good deal 
of deep black magnetic-iron sand. Washings in the roads at several places within a few miles also reveal a good 
deal of this sand. In the southern part of Saint Francois county, west of Saint Frangois river, a pit has been sunk 
on a rich deposit of micaceous iron which, being very soft, was at first supposed to be graphite. 

The granite is also sometimes traversed by quartz veins, as in Sec. 2, T. 33, R. 5 E., and See. 6, T. 33, R. 6 E.;. 
also on Cedar creek, where very large quartz crystals have been obtained. At the Einstein “silver” mines, in 
Madison county, the rocks indicate an association of diorite and serpentine. The exact position and relation of the 
beds could not be ascertained, as all work had been suspended, but the specimens left include serpentine, green. 
and violet-colored fluor, clear and white quartz, argentiferous galena, wolfram, iron pyrites, and zine-blende. Th« 
massive rocks near the river are red and gray granite, with red porphyry just west of them. 

Only recently has much attention been directed to the quarrying of granite. There are but two quarries worke¢ 
to any extent, the stone from which is used for paving streets and for general building purposes, principally in the 
city of Saint Louis. The stone from a quarry 4 miles west of Iron Mountain, Iron county, has been used in a 
pavement on Washington avenue, Saint Louis, for about 6 years, and the pavement is still in good order. The 
flagging around the Southern hotel, at Saint Louis, is also of this granite; also the front of the resideace of Mr. 
Charles G. Stiefel. The amount of granite which may be obtained in this locality is practically inexhaustible. The 
eastern portion is a stratum of gray granite probably a mile in width. It has not been found farther north, but 
extends southwardly into Madison county for a distance of about 5 miles. ‘The red or reddish-gray granite lies west 
of this, and is probably several miles in width, extending southwardly into Madison county, where it is wider in 
its east and west extension and more red is color. It extends south more than 10 miles, nearly to the mouth of the 
Little Saint Francis river. 

The granite from the quarry at Knob Lick, Saint Frangois county, is a coarse, feldspathic rock, made up’ of 
red feldspar and limpid quartz, with rarely a dark-colored bronze or black mica. It occasionally contains lenticula 
or ellipsoidal pockets of fine-grained, micaceous, gray granite, and these spots are often pyritiferous. Otherwise 
the quality of the rock on the whole seems good. 

On the surface there are in several places large, rounded bowlders, some 20 feet high, resting on a small 
foundation, and some rocking-stones also occur. ‘These large masses are roughly outlined and sent to market 
for building purposes. The smaller blocks are rough-dressed into 6-inch paving blocks and shipped to Saint Louis. 
Vertical joints sometimes occur, and a discoloration of 3 inches sometimes appears. One inch of the weathered 
crust occasionally crumbles off. 

Feldspar has for several years been taken from the Sainte Genevieve quarries and used in glazing certain 
ironware. 

Porphyries are often exposed in Madison, Iron, Wayne, Saint Francois, and Reynolds counties, and form the 
highest peaks in this region, being elevated from 200 to 660 feet above the valley. The foot of these mountains is. 





a A local term signifying that steep, rocky cliffs approach close to each bank of the stream. - 
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generally flanked by porphyritic conglomerate, or limestone and sandstone of Potsdam age. The testimony of the 
rocks goes to show that previous to the formation of sandstone and limestone the country presented the appearance 
of rough porphyry knobs rising from 1,000 to 1,500 feet above the sea. In these depressions was the Potsdam sea, 
in its early ages quite tempestuous, as is evidenced by the conglomerates and coarse sandstone, chiefly formed of 
eroded fragments from the Archean rocks. These sandstones occupied the shore-line of the Potsdam sea. In 
the course of time these waters became more quiet, and calcareous sediments with occasional sandy matter were 
formed; but observation shows that this deposit in no place extends along the Archean slopes over 350 feet above 
the present valleys. 

The porphyries, in their typical and most common form, seem to be a fine-grained, impalpable mixture of 
orthoclase and quartz, generally of a red, brownish, or purple color, sometimes dark gray or black, and porphyritic 
chiefly from the presence of feldspar crystals and often grains of crystallized quartz. Most of the porphyries on 
their edges show a shade of red; many of them are banded and show cleavage planes; in some we find well- 
marked lines of stratification, and some even show ripple marks, indicating a sedimentary origin. At Pilot Knob 
the porphyry incloses rounded pebbles, and epidote, hornblende, and serpentine occur; also beds and veins of specular’ 
iron represented on a large scale at Pilot Knob, Iron Mountain, and Sheppard mountain, some of the ore at the 
latter place being magnetic. Slate, resembling roofing slate in character, occurs on Buck mountain, in Iron: 
county, and dikes of diorite and dolerite are sometimes seen. 

At the so-called Tin mountain, in Madison county, the porphyry is traversed by coarse dioritic dikes and black. 
dolerite, and on the waters of Captain’s creek a dike of coarse syenitic greenstone; 75 feet in width, cuts the porphyry.. 
In Sec. 16, T. 32, R. 6 E., there is an interesting exhibit of a series of dikes traversing dark porphyry (see Tig. 8: 
in Missouri Geological Report, 1874). Against the porphyry wall on the east are 104 feet of greenstone, next west 
a few inches of dolerite, then 4 feet of porphyry, then 2 feet of greenstone, then porphyry. The course of the dike is. 
S. 45° W. 

In Iron county, in Sec. 9, T. 32, R. 4 E., a dike of hornblende rock, standing several feet above the general 
surface like a wall, can be traced north and south for one-eighth of a mile. On Gray’s mountain, in Wayne county, 
and in the southeast part of Iron county we find exposed beds of steatite. In the northeast part of Reynolds 
county and the northern part of Madison county eruptive porphyry has been found of a gray color, and containing 
large crystals of white feldspar. 

In Iron county are found amygdaloidal rocks flanked with porphyry. The amygdules are of a white mineral. 
A few miles southward the porphyry contains blue crystals. 

A good exhibition of a dolerite dike in porphyry is on Mine La Motte property, at Jack diggings, and there is 
another dike at a cave on Rock creek. The porphyry is generally very hard and difficult to quarry. 


SEDIMENTARY ROCKS. 


A section of the unaltered Sedimentary in connection with the Archean of southeast Missouri is about as 
follows : 

1. Twenty feet of coarse, sometimes vitreous, sandstone, the second sandstone of Missouri geologists. 

2. One hundred and twenty-five feet chert beds, with some clay and quartzite; contains Murchisonia straparollus,. 
orthoceras, and a few species of trilobites, typical of the calciferous sand-rock. 

3. One hundred to 300 feet of magnesian limestone, chert, and quartz, crystalized in drusy cavities; corresponds 
to the Third Magnesian limestone. 

. Magnesian limestone, 100 to 150 feet. 

. Fifty feet gritstone and lingula beds, to be referred to the Potsdam age. 
. Ozark marble, 5 to 50 feet. 

. Five to 90 feet sandstone and conglomerate. 

Ane a Be Archean. 

The Lower Magnesian limestone, with the lingula beds just below, incloses the lead mines at Saint Joseph, in 
Saint Francois county, and also the mines at Mine La Motte. The galena is found with these rocks in horizontal 
beds between the layers of limestone, or occurs as a replacement of limestone beds, or is disseminated in the 
limestone; and these I regard as by far the richest lead deposits of the west. 

The Third Magnesian limestone may be found over the greater part of 20 counties of Missouri, often forming 
mural escarpments along the streams, and sometimes extending to the highest hills. It is generally lead-bearing. 
It is both coarse and finely crystalline, and is often a pure dolomite of a bluish-gray or flesh color. It very rarely 
contains shale beds; but, especially in the upper part, there are some thick chert beds. At the lead mines of 
Washington county it is often cavernous, and includes numerous drusy cavities lined with minutely-cerystallized 
quartz. At some of the mines, especially those of central Missouri, it has undergone a decomposition, and quantities 
of dolomitic sand are thrown out. It is well exposed along the Osage river from 10 miles above its mouth to the 
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line of Benton county; on the Gasconade from 20 miles above its mouth to its head, and on.the two Pineys. It 
is seen on Osage river, first near Castle rock; passing up stream it gradually rises, and at the south line of Osage. 
county it attains a thickness of 180 feet. It is often cavernous in the middle and lower beds, and sometimes forms 
natural bridges across streams. Many of the caves occur in this limestone, and saltpeter has been made from the 
clay deposits on the floor of the caves. Of note we might name Friede’s cave, 10 miles northwest of Rolla. Other 
caves are found in Maries, Pulaski, Miller, Ozark, and in other counties of south Missouri. This formation also 
seems to be the source of many large springs in south Missouri, from which flow those bold, swift, clear streams, 
affording unsurpassed water-power. On the Osage, in Miller, Morgan, and Camden counties, the Third Magnesian 
limestone forms steep, mural escarpments and wild, picturesque scenery. 

The second sandstone lies next above; it is generally coarse, whitish, or slightly brown, tinged by iron, 
occurring more often in thick beds, and affords a good building stone. It is often the top rock on the cherty hills 
of south Missouri; and the pineries, when found, generally grow here. It is also the formation containing most of 
the iron deposits of central Missouri. 

The Second Magnesian limestone chiefly forms the Missouri bluffs from Saint Charles county to the west line of 
Cole county, often extending from the foot of the bluffs to their top. It contains very few beds suitable for building 
purposes, but the lower 25 feet are thickly bedded, some dolomitic, and with some intercalated beds of sandstone, 
affording a very good coarse building stone; for example, near Rolla, at Hermann, the Osage and Moreau, near 
Pacific railroad, at Jefferson City, and near Stoutland, in Camden county. But above these beds there is scarcely 1 
foot in 50 feet of this formation suitable for building purposes. This is also occasionally lead-bearing. Most of 
the limestones in the upper half are readily acted on by frost. The middle and upper portions contain numerous 
ereen and drab shale beds, with many intercalations of concretionary chert, sometimes assuming curious grotesque 
forms. 

The saccharoidal or first sandstone is found along the Mississippi hills from near Sainte Genevieve via Plattin 
creek, through Jefferson county, the western part of Saint Louis county, thence up the Missouri river, chiefly capping 
bluffs nearly as far west as Jefferson City. It is also pushed up to view on Sandy creek, in Lincoln county, near 
Auburn, and on the north line of Lincoln, west of Prairieville, and on Spencer creek, Ralls county, near the Saint 
Louis, Hannibal, and Keokuk railroad. It is generally a pure white sandstone, containing 99 per cent. of silica. It 
is well exposed at Crystal City glass-works, where it is used in the manufacture of fine plate-glass. At this place it 
is pure white and soft, and about 40 feet are exposed. At Pacific, Franklin county, it is well exposed for 100 feet, 
the upper 70 feet being a pure white soft sand; the lower part is tinged with oxide of iron. Due north of this, on 
the Missouri bluffs, Saint Charles county, it is 133 feet thick. Thirty miles east of this, or a few miles west of 
Saint Louis, borings reached it at 1,300 feet below the surface. 

This sandstone is regarded as superior for glass-making, but it is often not sufficiently coherent for building 
purposes, though there are a few exceptions, namely, the stone used on the Missouri Pacific railway at Berger and 
between Hermann and Gasconade. Some quarries on the hills near by afford a beautiful pink-banded sandstone. 
Obscure fragments of a large species of orthoceras have been met with in Gasconade county, some of which 
measure 8 inches in diameter, others nearly 2 feet. 

The First Magnesian limestone is found in Pike, Ralls, Lincoln, Saint Charles, Warren, Callaway, Boone, 
Franklin, Saint Louis, Pettis, Jefferson, Sainte Genevieve, and probably in a few otber counties. Its greatest 
thickness is about 150 feet. It is generally easy to work, and forms a durable building stone of some beauty. Its 
prevailing colors are drab and buff. It caps the hills at Pacific, Franklin county. Missouri college, Warren county, 
is built of it, and very good quarries can be opened near by. 

The Black River and Bird’s-eye formation is probably found in Lincoln, Pike, Ralls, Saint Charles, Saint Louis, 
Warren, Franklin, Jefferson, Perry, Sainte Genevieve, and Cape Girardeau counties, but is wanting in central and 
southwestern Missouri, The upper beds are often full of winding vermiform cavities. The lower often have minute 
specks of calcite, and are likewise varied in color and would sometimes polish into a handsome marble. Such are 
found in Warren county on the hills near affluents to the Missouri, and are well exposed near heads of Tuque 
creek and Charette. The colors are drab, pink, purple, flesh-color, and buff. Another handsome variety found in 
Warren county has a brown appearance, with dark, almost black, winding lines, as of fucoids. Some of these 
would undoubtedly look handsome if polished, and are also durable. Ormoceras tenuifolium and other characteristic 
fossils have been found. 

The Trenton beds, lying above the Black River beds, occur generally in thin layers of a bluish-drab color and 
may generally be found resting upon the Black River beds. At Danville, Missouri, and on Loutre river, near west 
line of Montgomery county, also at some places in the northern part of Lincoln county, it occurs whitish or else 
variegated, with many specks of cale spar disseminated, and appears very well when polished. The upper beds 
are almost entirely, made up of numerous fossils, including Orthis, Pleurotomaria Murchisonia, with occasionally 
Ceraurus pleurex anthemus. 

The Upper Trenton or Receptaculite limestone is found from Cape Girardeau, along the river counties, to 
-Jefferson county, thence northwest to the town of Pacific and along the Missouri bluffs from Saint Charles county 
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to the eastern part of Warren county, thinning out westwardly. ‘It is also found in Lincoln, Pike, and Ralls. 
counties, resting on Trenton. It is quite cavernous in these counties, but in the counties on the Missouri and 
lower Mississippi it is a good building stone, and it also burns into an excellent quality of lime. The upper beds 
are brownish-gray, the lower a white, crystalline limestone. In Warren county the upper 20 feet is a light gray, 
the lower 8 feet a dark brown limestone. Receptaculites Oweni is everywhere found. We also find Chetetes 
lycoperdon and sometimes a trilobite. It corresponds in age with the Galena group of northern Illinois, but is not 
galeniferous in Missouri. 

The Hudson River formation is found only in some of the counties on the Mississippi river. The beds are 
chiefly shaly, and are sometimes very pyritiferous. I regard this group as the source of most of the mineral springs 
of northeast Missouri. It affords some good flag-stone beds in Lincoln and Pike counties. 

The Upper Silurian is best developed in Perry and Sainte Genevieve counties, where occur several hundred feet 
of drab and variegated limestone, which looks handsome when polished. In Pike county we find a drab and brownish 
limestone, sometimes in very thick beds, closely resembling the Grafton beds, and as useful for building purposes. 
We find this at Bowling Green, Paynesville, and between Frankfort and Louisiana. In Warren and Montgomery 
counties and the eastern part of Callaway county there are about 20 feet of a coarse, gray, crinoidal limestone, 
which is said to be a good “ fire rock”. 

The Devonian is not of sufficient importance to take rank among building stones. It is best developed in 
Callaway county, where it affords many fine organic remains. | 

SuB-CARBONIFEROUS.—In the lowest, the Chouteau or Kinderhook group, we find at its base, at Louisiana, 
55 feet of dove-colored, compact limestone, having a conchoidal fracture. This rock has every appearance of a 
lithographic limestone, and was so named by Professor Swallow. In other portions of the state the same limestone 
is represented by a thickly-bedded dolomite, and as such it is found on Sac river, in Cedar county, and at Taborville, 
in Saint Clair county. 

Above this limestone are the vermicular sandstone and shales, characterized by winding, vermiform cavities from 
northeast to southwest Missouri. It is a friable, easily-worked sandstone, sometimes affording good beds for 
building purposes. The thickness, including the shale beds, is about 75 feet. Above this is the true Chouteau 
limestone, the upper beds of a coarse, gray,and sometimes ferruginous, crinoidal limestone, containing Leptena 
depressa and Spirifer marionensis ; below this is a thickly-bedded magnesian and sometimes argillaceous limestone, 
containing geodes of quartz and calcite and occasional chert beds. Where not too subject to frost action it affords 
a useful building material; as such it is found in Pike, Lincoln, Ralls, Boone, Callaway, Pettis, Cooper, and Greene 
counties. The lower part is formed chiefly of thin layers of dove colored limestone, which was seen 100 feet thick 
a few miles west of Sedalia. 

The next above is the Burlington group, called by Professor Swallow the Encrinital. In Saint Charles county 
we find at the top about 17 feet of chert, with alternations of red clay. The middle beds are gray and coarse; the 
lower gray and brown, generally coarse and encrinital. Crinoid stems are commonly diffused throughout, the lower 
strata sometimes abounding in well-preserved Crinoidee. This group is found at Burlington, Lowa, Quincy, Illinois, 
Louisiana, Missouri, and is well exposed on the Mississippi bluffs in counties north of Saint Louis, and from the 
western part of Saint Charles county, in remote hills, as far as Howard. It is eccasionally met with in southwest 
Missouri, in Cedar, Dade, Greene, and Christian counties, where it is often cavernous, containing large and beautiful 
caves. The streams in Greene and Christian counties owe their origin chiefly to springs in this formation. 

The upper beds of the Keokuk group are sometimes shaly, with geodes of quartz, and some of them are quite 
beautiful. The lower beds are gray and bluish-gray, with lenticular and concretionary chert beds. Archimedes, 
Hemipronites crenistria, and crinoid stems are numerous, and some fish teeth are found. This is the limestone of 
Keokuk, Iowa. It is found in the central part of Saint Charles county, in Saint Louis, Boone, Howard, Monroe, and 
Cooper counties, and is especially well developed in southwest Missouri, from Henry county southwest. It is the 
lead-bearing rock of Dade, Jasper, Cedar, Newton, and Lawrence, and is also found in McDonald and Barry counties. 
It is, in part, equivalent to the siliceous group of Tennessee, and is well developed in Benton county, Arkansas. It 
is probably 300 feet thick in its greatest thickness, and affords good quarries for building purposes. The Saint 
Louis group is best developed in Saint Louis and Saint Charles, and is also found in Lincoln, Lewis, Clark, and 
Knox counties. It is generally a compact, dove-colored, or finely-crystalline ash-gray limestone, with generally a 
splintery fracture. It is much finer grained than any other group of the sub-Carboniferous. It is also cavernous 
in Saint Louis, Saint Charles, and Lincoln counties, as shown by occasional funnel-shaped sink-holes which 
communicate with subterranean passages. The outlets of these sink-holes about Saint Louis have generally become 
filled, and ponds are the result. The characteristic fossils are Melonites, Lithostrotion, Productus, and Hemipronites 
crenistria, with numerous Bryozoa, with sometimes beautiful Crinoidew. The lower or Warsaw division abounds in 
Archimedes and Pentremites. 

The Chester group of 200 to 300 feet of limestone, with a sandstone, is found in Perry and Sainte Genevieve. 
The sandstone, often ferruginous, is found in northeast and southwest Missouri. Good quarries of this sandstone 
may be opened near Newtonia, Newton county; near Lamonte, Pettis county; in eastern and northern portions of 
Cedar and near Lamine, in Cooper county, and a very good quarry is worked near Sainte Genevieve. 
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The Coal Measures include the Upper Coal Measures (barren), 1,300 feet; Middle Coal Measures (productive), 
320 feet; Lower Coal Measures (productive), 300 feet. 

In Atchison there are exposed 180 feet of rock, including, at top, 40 feet of sandstone and red shale beds, with 
limestone and beds of calcareous shales below, containing well-preserved remains of mollusca, some of them 
presenting a strong Permian type. Below these are chiefly shale beds, with some limestone and occasionally 
sandstone, but with very little coal or even bituminous shale. There are thicker limestone beds in the Upper 
Measures than below, and they are aiso better for building purposes than those of the Middle and Lower Measures. 
Nevertheless some (especially the blue limestones) contain a good deal of pyrites, and are necessarily inferior. 
Those most suitable may be quarried at Kansas City, Jackson county, and in Cass, Clay, Platte, Andrew, Holt, 
Nodaway, Atchison, Daviess, Livingston, Mercer, and Harrison counties. 

The middle series are chiefly sandstone, with some limestone beds and some coal heds of workable thickness, 
but rarely contain good beds ‘of building stone. The Lower Coal Measures are the productive measures; they 
also contain beds of valuable sandstone for building, with numerous outcrops in southwest Missouri. Much of it 
is also suitable for making grindstones. The quarries near Miami station, in Carroll county, and near Meadville, 
Linn county, are the best in north Missouri, the others being inferior. In southwest Missouri most of the sandstones 
are bituminous. 

Recapitulating, we would briefly say that the granite of southeast Missouri is the best material for building 
purposes. The pure limestones are generally of good quality. But few of those of the Upper Carboniferous are 
durable, nor are many of the beds of the Second Magnesian limestone. The sandstones are most eagerly sought 
after, chiefly because they are easy to quarry and to work into shape. They also answer better for city work. 
The best include the Potsdam of southeast Missouri, found in Madison, Saint Frangois, and Iron counties. Others 
may include the sub-Carboniferous of Sainte Genevieve, Newton, Cedar, Pettis, Howard, and Cooper counties; also, 
the sandstones of the Carboniferous, found among the Lower Coal Measures of southwest Missouri, chiefly in 
Barton, Vernon, Cedar, Saint Clair, Henry, Johnson, and Carroll counties. The second sandstone along the Osage 
and on hills of southwest Missouri is also a good building stone. 

SAINT LOUIS QUARRIES.—The most extensive limestone quarries in this state are located in and near the city 
of Saint Louis. The formation is the Saint Louis division of the sub-Carboniferous period. The extent of the 
quarry industry in this locality is not so much due to the superiority of the stone as to its aecessibility to the 
Saint Louis market. A representative section of the quarries is shown at Mr. Moran’s quarry, which shows 20 
feet of loose material; 20 feet of thin, shelly limestone, in layers from 3 to 8 inches in thickness ; 3 feet of brownish- 
colored limestone, containing some chert. From this quarry a specimen of Productus marginicinctus, a very rare 
fossil peculiar to this group, has been obtained. 

The stone from this quarry is used for the construction of foundations and other ordinary building purposes, 
and for street pavements, especially for macadam. The stone from the best Saint Louis quarries is strong and 
durable, and is also well adapted to the manufacture of lime. Its principal use has been in the construction of 
foundations. The excavation has been carried at one quarry to a depth of 60 feet, but at present the quarry is not 
worked to a greater depth than 40 feet, 20 feet of the lower portion of the excavation being filled with water. A 
section at this quarry shows 8 feet of cap-rock; 8 feet of limestone in thin layers; 9 feet of limestone in layers 12, 
4, and 2 inches thick, and below this a massive, heavy bed of limestone; still lower the beds are from 1 foot to 2 
feet thick, this being the most applicable for building purposes. The quarry of Mr. Philip Steifel has become 
somewhat noted for its fine mineral specimens, including calcite, pearl-spar, dog-tooth spar, millerite, and fluor-spar. 
The fluor-spar is of a yellow color; the calcite is white, or colored on the outside with millerite. In some places 
the limestone has a greenish tint from the presence of nickel-sulphide. The millerite has bunches of stray hair-like 
crystals of a bronze color, and each crystal is a delicate hair-like mineral. Jt has been found penetrating the calcite 
and extending from side to side in the limestone. It is also frequently found associated with the pearl-spar. 

Among the most valuable of these quarries as regards the quality of the material are three at Cote Brilliant, 
about 24 miles from the city of Saint Louis. Its development is only retarded by its being at a greater distance 
from the market than many of the other quarries. 

A section at one of these quarries shows 25 feet of loose material; 15 feet of gray limestone, in layers about 3 
inches in thickness; 4 feet of limestone, in layers of variable thickness; 2 feet of close-grained gray limestone; 
five 35-inch layers of gray limestone; one 22-inch layer of gray limestone; and 15 feet of limestone below the water 
level. 

The best layers are pure limestone, susceptible of being quite highly polished, very strong and durable, and 
quite well adapted for architectural purposes. 

3 The formation in the quarry of Mr. Gottlieb Eyerman probably belongs to the upper portion of the Saint Louis 
group, though it may belong to the next higher, the Chester group. 

JEFFERSON CITY QUARRY.—The greater part of the quarry product is used at present by the Missouri Pacific 
Railroad Company for the construction of bridges; the small fragments are used for ballast, and small slabs are sold 
to citizens of Jefferson City for ordinary building purposes. 
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The following is a section at this quarry: . 
L SOLN ARGO AN 2 a) dt due 5 ac carne oe elas Mabinnale See stacy eo hed as odin Aa pA ae eons Slee boa tes 6 feet. 
2. Unevenly-bedded limestone and chert, in thin beds, suitable for ballast only .............-...------.---- 12 feet. 
3. Fine-grained homogeneous rock, in even thin layers, locally called ‘‘cotton rock”................--.---. 4 feet. 
4. Gray limestone with numerous small cells filled with white powder -.................2..-...-----+---0-- 2 feet. 
OAc NeReRDOUR UM tae | en ee sles de CUES eae aol Se sei Mec tie Mune MN akt ae tect debe Shek Av apes 2 feet 6 inches. 
6. Drab, evenly-bedded limestone, also called cotton rock... 0.2.0.2 2. eee eee ewe ee ce cece cece cece scceee 9 feet. 
7. Gray, hard, cellular limestone, generally preferred for bridge construction. ....................-.-.------ 10 feet. 


No. 6 is similar to the rock which was used in the construction of the state-house, which was erected about 
forty years ago. It is occasionally slightly discolored with stains of iron, of which minute globules and specks are 
Seen, apparently changed from pyrites. The layers from this rock are of quite uniform thickness, many of the 4- and 
6-inch layers making a very handsome paving stone. It has been quite extensively used in Jefferson City, where it 
has been termed cotton rock, by which name it is also known in other localities in this state. Tlre prevailing color 
of this rock is drab, but in some localities it has a bluish tint, and is liable to disintegrate rapidly on exposure to 
the action of frost. Some of the drab layers also readily disintegrate on exposure to the weather. The best of the 
material needs to be quarried early enough in the season to allow the quarry water to become dried out before the 
stone is exposed to the action of frost. 

No. 7 is a harder rock, and is not well adapted for cut work, though a very desirable material for heavy bridge 
construction, for which little dressing is necessary, and for which the qualities most desirable are those of strength 
and durability. The. rocks at Jefferson City may all be referred to the Calciferous sand-rock group, known in 
Missouri as the Second Magnesian limestone series. Fossils are very rarely found. A section of 200 feet may be ~ 
seen at Jefferson, and only a lingula is found in the upper beds; the other beds abound in fucoids. Lime 
manufactured from some of the layers possesses hydraulic properties. 

BOONVILLE QUARRY is located on the bluff side of the Missouri river, just above the railroad bridge, and about 
12 feet above the ordinary water-level in the river. When the river rises to the level of the quarry operations are 
necessarily suspended. The bluff rises steeply above the quarry for over 100 feet, so that the quarry cannot advance 
far inward on account of the rapidly-increasing amount of cap-rock. The layers of stone are generally tolerably 
. even, and from 10 to 16 inchesin thickness, with occasional partings of caleareous shale. A vertical section of quarry 
‘rock 16 feet in thickness is exposed. The strata dip slightly to the west. A little to the east, at the bridge, about 

30 feet of gray, cherty limestone are exposed, containing, as far as could be seen, only specimens of an Archinedipora 
and a turbinated coral. The quarry rock lying above this also contains specimens of Archimedes. 

SEDALIA QUARRY.—The product of this quarry is used locally for foundations. The strata quarried lie at the 
junction of the Chouteau or Kinderhook group with the Burlington beds. The following is a section of the quarry : 


MOOseTMSterials.. 2. s- sme sees = oe nk SSE Ra Sa at ak iar ON yea | RE RES 2 naa See eae aR eee RR 5 feet. 
Gray ferruginous limestone, in two layers......-....---...----..---- PN ers a ee > se ee te ae te on 5 feet. 
Ein MINGStODe waa Or Ges DUNC! CLOW seem astanvics of sumer Wee > mele siesiee is eetsue sd ahcces ws iseus saciece aan cats cor oat 3 feet. 
Shales se usek ese PR RS ware c Leta sant ate Stn ee slai seta tai sisiadiapne assis cigs esse means as eels len wee ata 5,2 1 to 3 feet. 


Blue limestone, with chert concretions and some masses Of calcite 22... -.2. 22-220 o.. sees wee ene e ens wees 5 feet. 


. The floor of the quarry rests on a rock similar to the lowest which has been quarried. The lowest beds are the 
least durable, the upper 5 feet of limestone being quite durable. These two layers belong to the Burlington group, 
and the beds below them to the Chouteau. 

A number of small quarries have been worked in this vicinity. From some of these blocks 4 feet thick may be 
obtained, all, however, containing: more or less chert concretions and masses of calcite. One of the older quarries 
shows much of the rock shattered by frost. 

CLINTON QUARRY is located about 4 miles south of Clinton, Henry county. It furnishes material to the town 
of Clinton, principally for sidewalk pavements. The stone is an argillaceous limestone, and occurs in a stratum 
about 15 feet in thickness, and in layers from 2 to 10 inches in thickness. The thinner layers are drab-colored 
throughout; the heavier layers have a lead-biue color in the interior, and those layers which have not been exposed 
to atmospheric action also have the lead-blue color. Below this quarry rock occurs a seam of bituminous coal 4 feet 
in thickness, which is one of the best coals of southwest Missouri. Below this again there are 9 feet of blue 
shales, with ironstone concretions to the level of the water in Grand river. Similar beds occur near Brownsville, 
Sabine county, and may be referred to the same geological age. 

KANSAS CITY QUARRIES.—The stratum of limestone designated in the Missouri Geological Reports as “ No. 87, 
general section, Upper Coal Measures”, has been quarried extensively at quarries in bluffs of Kansas City and for 
2 miles further east; also in a quarry opposite the Union depot, Kansas City, now abandoned on account of expense 
of stripping. The rock is also occasionally quarried in bluffs at and above Rosedale. Its color is generally a light 
gray, becoming locally a bluish-gray, and, when exposed, a lighter and often ferruginous gray. The middle portion 
of about 9 feet is beautifully oolitic, and is most valuable for building; it works freely and is easily dressed. 

Below Kansas City the stripping at first is only a few feet, but of course increases as the operations extend 
into the bluffs. 
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Limestone No. 90, Upper Coal Measures, lying a little above, is often quarried and used for ordinary foundation 
work, while the iimestone under consideration is used for general building purposes. It may be seen in the basement 
walls of the Merchants’ exchange, the Journal office, and the building at Twelfth and Washington streets, Kansas 
City. It contains the characteristic coral Campophyllum torquium (O. and §.). It is generally evenly bedded in 
layers from 6 to 16 inches in thickness, and is much used in foundations. It is apparently durable and of more 
than usual strength. Its texture is homogeneous, and often has numerously-disseminated bright cale-spar specks. 
The color in the quarry is a grayish-drab, weathering to a brownish-drab, and shows a brownish discoloration 
along the joints. , 

Limestone No. 96, of Upper Coal Measures, also found here, is a bright gray rock with numerous specks and 
short lines of calcite. It contains also many fossils whose shells are of pure calcite, or else the interior is nicely 
crystallized. The strata are generally from 6 to 9 inches thick and of very irregular bedding. The entire stratum 
is 30 feet thick. An examination of the various quarries in Kansas City indicates that about 50,000 cubic yards of 
rock have been removed and used in the city during the past twelve or fourteen years. This includes from 9,000 
to 10,000 cubic yards from the bluff opposite the Union depot, 30,000 cubic yards from southwes Kansas, and the 
remainder from south Kansas. The various railroads have probably taken out and used 10,000 cubic yards not 
included in the above. 

There is quite a number of localities in Missouri where limestone has been quarried or may be quarried, beside 
those in which there are actually working quarries as represented in the tables. Three miles north of Canton, Saint 
Louis county, the Central Marble and Stone Company has recently opened a quarry in the sub-Carboniferous 
formation. The beds vary in thickness from a few inches to 8 feet. Considerable quantities of this stone have been 
quarried for bridge abutments, foundations, and for flagging. The stone has a uniform texture and gray color, but 
becomes darker on exposure to the atmosphere; and this may prove a defect if the discoloration does not go on 
uniformly. The quarries are located less than half a mile from the Saint Louis and Keokuk railroad and one mile 
from the Mississippi river. 

Near Bowling Green, Pike county, the Niagara limestone has been quarried in a small way for the past forty 
years, and has been quite largely used for bridge abutments on the Chicago and Alton railroad, and occasionally 
for the construction of buildings. A dwelling in Bowling Green, built about forty years ago, is of this material, 
and the stone still looks well and shows no signs of disintegration. There are two quarries. A section at one quarry 
shows 4 feet of soil and gravel, 4 feet of shelly limestone, and 12 feet of building stone in three layers, the upper of 
which is 2 feet in thickness, and the two lower each 5 feet thick. This stratum of building stone is separated from 
a stratum of equal thickness below by 1 foot of shales. This last stratum of building stone consists also of three 
layers, 4, 6, and 2 feet in thickness. At the other quarry about 40 feet of rock are exposed in layers from 1 foot to 
to 2 feet in thickness. The stone when first quarried has a bluish-gray color and weathers to a brownish-buff color. 

Near Glencoe, Saint Louis county, the Trenton limestone has in former years been quarried for building 
purposes. There are at present quite extensive quarries still in operation, but their product is all manufactured into 
lime. At Cape Girardeau, Cape Girardeau county, is quarried the Lower Silurian limestone, most of the material 
being burned, and that which is most suitable being reserved for purposes of construction. At present some of 
this stone is being shipped for repairing the state capitol of Louisiana, which was built of this stone, and was partly 
destroyed during the late war. The quarry is situated about three-quarters of a mile from the wharf, on the 
Mississippi river, and the stone was at one time quite largely shipped to the south. An analysis of this rock by 
Dr. A. Litton, for the Missouri Geological Report, gave carbonate of lime, 99.57; silica, x trace; alumina, a trace. 

The total thickness of rock exposed at the quarry is about 30 feet, the upper portion being in thinner layers and 
a little darker in color than the lower. The lower portion is a beautiful white limestone, and blocks 6 feet in 
thickness could be obtained. 

Near Rolla, Phelps county, quarrying has been done in a small way in the lower portion of the Second 
Magnesian limestone. This stone has been used for the construction of culverts and bridge abutments, and near 
the same place a thinly-bedded, hard, and durable limestone occurs which has been used for sidewalks. 

Some of the limestones in southeast Missouri have been called marbles. The Cape Girardeau limestone has 
been termed a marble by some. In the Kansas City Review of Science and Industry the marbles of southeast Missouri 
are described; and it is given as the reason why these marbles have not been extensively developed, that they 
usually occur in beds not of sufficient thickness to furnish blocks of adequate size for the purposes for which marbles 
are usually employed. It states that near the head of Cedar creek there are several outcrops of variegated red and 
drab marbles. A section of rocks on a southeastern branch of Cedar creek shows 10 feet of coarse magnesian 
limestone resting on 10 feet of light drab marble of fine grain traversed with brown veins. Near the mouth of 
Cedar creek, Madison county, some of the finest exposures of the most handsome varieties of marble occur. It is 
handsome when polished, and the outcrops show that it is very durable. At the head of Tom Suck creek, in 
Reynolds county, are thick beds of tlesh-colored marble. Two miles north of Cape Girardeau, on the land of Dr. 
Thomas Holcombe, are outcrops of variegated purplish-red limestones, with occasional calcite specks in heavy 
layers. Marbles of fine texture passing through various shades of flesh-color, yellow and green, pink, purple, 
and chocolate, all handsomely blended, are said to occur in Sainte Genevieve county. These marbles occur 
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in the Potsdam and Niagara formations. The Potsdam marbles are found on Stout’s creek and Marble creek, in 
Tron county; Cedar creek, Marble creek, and Leatherwood creek, in Madison county; and Tom Suck creek in 
Reynolds county. The Niagara marbles are found in Cape Girardeau and Saint Genevieve counties. 

Near Mooresville, Livingston county, limestone in the lower portion of the Upper Coal Measures has been 
quarried since 1866, but the quarries have not been regularly worked. A section there shows 1 foot of soil, 4 feet 
of shelly limetone, 2 feet of clay shale, 1 foot of bituminous shales, 6 inches of clay shales, from 2 to 3 feet of blue 
fire-clay, and 9 feet of oolitic limestone valuable for building purposes. The rock is rather hard, quite strong and 
durable, and is especially applicable for heavy masonry. This same formation has also been quarried in hills 5 
miles south of Princeton, Mercer county, near the line of the Chicago, Rock Island, and Pacific railway ; also on the 
Wabash, Saint Louis, and Pacific railway, Clay county, about 8 miles from Kansas City. It may also be found near 
the base of the bluffs at Kansas City, and at several places near Pleasant Hill, Cass county, where it is locally 
termed cotton rock, and is said to withstand a higher degree of heat than many other limestones. 

At Forest City, Holt county, there are several limestone beds exposed, and also a soft sandstone, but the 
Stripping is generally so heavy that the best layers of the rock cannot be extracted with profit. Limestone also 
crops out 2 miles above Forest City, and beyond this for 20 miles no building stone occurs. 

Near Amazonia, Andrew county, 144 feet of evenly-bedded, ferruginous gray, and somewhat oolitic limestone 
occurs. A quarry of this rock was formerly worked 24 miles northeast of Savannah, and the stone was transported 
by wagons to Saint Joseph and used in the construction of buildings. Similar quarries might be opened near the 
line between Andrew and Buchanan counties, and the same formation also crops out near Atchison, Kansas. 

Near Greenwood, Jackson county, the Missouri Pacific Railroad Company has opened a quarry, but the material 
is used principally for ballast, and only a small amount has been used for the construction of culverts. Oolitic 
limestone of the Upper Coal Measures has also been found near Greenwood, and is used for purposes of construction 
on the Missouri Pacific railroad. The stone is well adapted for rough masonry. 

Near Pleasant Hill, Cass county, there are several quarries situated in different localities which have occasionally 
been worked. The stone has been used principally for the construction of railroad bridges and culverts, and for 
local purposes. The formation belongs to the Upper Coal Measures, and consists of a number of limestone beds, 
some of which are oolitic and some shelly. Blocks 2 feet in thickness and of any length and breadth desired may 
be obtained. 

At Neosho, Newton county, a whitish-gray oolitic limestone is quarried for lime. This stone works freely, and 
would be well adapted for purposes of construction. A coarse, dark gray limestone is also quarried near N eosho, 
some of which contains many chert concretions. 

The sub-Carboniferous limestone has been quarried for local use at Springfield, Greene county. The quarry rock 
shows a face of 10 feet in depth of coarse, gray limestone. The upper beds resemble the Keokuk limestone, and the 
lower beds are more of the Burlington type. The geological divisions recognized in Iowa, Illinois, and eastern 
Missouri cannot strictly be sustained in southwest Missouri. 

The Second Magnesian limestone has been quarried near Marshfield, Webster county. The exposure shows 
one bed 33 inches in thickness of buff limestone. This appears to be a durable stone, easy to quarry and,to dress. 
It is covered with but little cap-rock, but the stripping would be slightly increased as the excavations would be 
extended into the hill. There are two good exposures a few hundred feet apart. 

QUARBIES OF SANDSTONE.—At a quarry located 14 miles west of Miami station, Carroll county, there are two 
grades of material produced. The poorest quality contains many plant remains, and shows dark lines of fragments 
of plants, along which it is often fractured by frost. ‘The best quality is free from these defects, and is a rather 
beautiful gray sandstone. There is a vertical face of about 70 feet exposed, the lower 45 feet being without any seam 
of bedding, but containing occasional concretionary masses of harder sandstone. At the top there is a depth of about 
6 feet of soil and clay, and below this are 20 feet of rough and sometimes shelly sandstone layers. The quarry rock 
is a rather coarse, gritty, sandstone, making an excellent building stone, and being also valuable for the manufacture 
of grindstones. The concretionary masses are of no value whatever. They have some argillaceous layers 
interstratified, and also contain many nice fragments of plant remains. Although there seem to be no bedding 
planes in the lower 45 feet, still there are a few faint, banded, dark carbonaceous streaks occurring from 6 to 12 
feet apart. The absolute percentage of waste material embraced in the concretionary masses amounts to about 
one-fiftieth of the entire mass. The concretionary portions disintegrate quite rapidly on exposure to the weather, 
but the other material is very durable. This quarry has been actively worked for about fifteen years, and the rock 
has been shipped to various markets in Missouri, Kansas, Iowa, and Nebraska. Hastwardly along the bluffs the 
rock has a more brown color, and is not so highly esteemed. 

The Warrensburg quarries are of the same geological age as the above. At the quarry of Messrs. Bruce & 
Veitch the rock when quarried often shows planes of cross lamination, and this, although otherwise of good quality, 
is not of sutticient value for shipping purposes, but is used locally for ordinary purposes of construction. 
Considerable loss results from this defect. The planes of these lamine are separated by carbonaceous matter. 
The stone in this quarry is quite soft when first taken out, and hardens on exposure. Various openings liave been 
made in this vicinity which are not now worked. From one of these 6,000 cubic yards were excavated, and 
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from another 500 cubic yards. Three-quarters of a mile northwest, on the land of Mr. Bunn, a coarser sandstone 
of the same geological age appears, about 20 feet in thickness, forming a solid bluff on the Blackwater for several 
hundred yards, and seems to underlie an area of about 10 acres. 

Quarries 2 miles north of Warrensburg occupy a tract of probably over 200 acres in sandstone of the Tovar 
Coal Measures. The total thickness of this sandstone is over 100 feet. The quarries have not developed the 
entire thickness suitable for building purposes, only 45 feet in depth having been quarried. 

The sandstone hills are bounded on the north by Blackwater river, on the west by Post Oak creek, and on the 
east by Potts branch. Approaching Warrensburg from the north we still find sandstone, but of an inferior 
quality. In the railroad cuts and southward, and throughout the town, and for a short distance north, the rock is 
generally brown and soft, and crumbles to powder on exposure. It also sometimes alternates with shaly beds, 
and sometimes incloses beds of ferruginous conglomerate, and but rarely is it suitable for building purposes. 

Northwardly, as we approach the quarries, the rock is more homogeneous, the color becomes a light gray, and 
bluish-gray in deeper quarries. Concretionary masses of a harder sandstone not easy to work, in fact worthless for 
shipping, sometimes occur. These contain many carbonaceous stains and fragments of calamites and other plants. 
A trunk measuring over 1 foot in diameter, with its bark half an inch in thickness changed to bituminous coal, was 
taken out. It is supposed to belong to a coniferous tree, probably Dadoxylon acadicum of Dawson. 

North of the Blackwater good quarries have also been opened, and over thirty years ago columns for the 
court-house at Lexington, Missouri, were cut out. Those columns are still entire, and are discolored only by time. 

The Normal School building at Warrensburg was the first structure of note in which this stone was used, but 
since then it has been largely shipped to many places, including Saint Joseph, Kansas City, and Saint Louis, 
Missouri; also Chicago, Lllinois, and Lincoln, Nebraska. 

In 1871 the quarries were opened, and in 1874 one firm shipped 900 car-loads over the Missouri Pacific railway. 
A block 20 by 6 by 24 feet was taken out and used in the Chamber of Commerce building at Saint Leuis. The 
rock weighs 140 pounds to a cubic foot when dry, but only from 145 to 150 pounds when first quarried. It 
forms a large proportion of the face-stone of some Saint Louis dwellings, and it was also used in the Union 
Depot building at Chicago. It stands the test of time very well. It is not known to have scaled off, but after 
long exposure it becomes darker on the surface and somewhat stained. 

The Miami and Warrensburg quarries are systematically worked by means of channeling and wedging. No 
powder is used except for removing the cap-rock. 

A quarry in Clinton, Henry county, furnishes stone for ordinary construction for local use. A section of the 
quarry shows 3 feet of loose material, 4 feet of sandstone in layers from 1 nee to 4 inches in thickness, and below 
this 7 to 8 feet of sandstone in teers from 2 to 3 feet in thickness. 

The Sainte Genevieve quarry is located about 14 miles from the Mississippi river, which furnishes the means of 
transportation. Blocks of the largest size desired can be obtained at this quarry. Pieces 150 feet long, 20 feet 
wide, and 10 feet thick are often channeled off and loosened with the wedges. 

The Insurance building at Sixth and Locust streets, Saint Louis, was chiefly built of this stone, including the 
figures on the top. The stone has been much tarnished by the smoke of the city. Among the other structures of 
this material are the Singer Sewing Machine building in Saint Louis, the approaches to the Saint Louis bridge, the 
arsenal at Rock Island, Illinois, and the state capitol of Iowa. Everywhere the stone has proven very durable. 
The quarry shows 25 feet in thickness of good uniform rock ; the layers, 14 to 5 feet thick, can be split readily into thin 
slabs if required. It is occasionally false-bedded, and then contains fragments of plant remains, chiefly carbonized. 
The thin layers are very much ripple-marked and the texture of the rock is generally homogeneous. It is soft when 
first quarried and hardens on exposure. It is a good fine grit, and a number of grindstones have been made of it. 

The geological age of the formation is the Chester group of the sub-Carboniferous. The bluffs near by show 
about 25 feet of gray limestone of the Saint Louis group lying below it. 
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GENERAL DESCRIPTION. 


SuB-CARBONIFEROUS.—The sub-Carboniferous occupies a very limited area in the southeast corner of the 
state, but is highly galeniferous, as the lead mines in southeast Kansas occur in this formation. 

CARBONIFEROUS.—The Carboniferous, as developed in the Lower Coal Measures of southeast Kansas, incloses 
some thick and valuable coal beds. It also includes many beds of sandstone of an excellent quality for building 
purposes and good flag-stones. These may be found of good quality and well exposed in Cherokee, Crawford, 
Bourbon, Neosho, Labette, Montgomery, Wilson, Woodson, Greene, and Elk counties. 

The Middle Coal Measures include several good beds of workable coal, and coal has been mined at Oswego, 
Fort Scott, Thayer, and near Toronto, and in Osage county. In Bourbon and Linn counties we find several thick 
limestone beds, but the western outcrops in Greenwood county are chiefly of sandstone. 

The Upper Coal Measures in northeast Kansas include a number of limestone beds, with a good deal of shale 
and some sandstone, but in southern Kansas we find but few beds of limestone, nor do the Upper Coal Measures 
include many strata desirable for building purposes. 

The Permian is made up of beds of drab-blue shales, with occasional limestone strata. In the lower series we 
find many excellent beds of rock for building purposes; some of the strata are slightly magnesian. The middle 
beds are now very much worked; in fact quarries are now opened and successfully worked upon all the lines of 
railroad where this rock is found. The character of the rock does not materially differ in the various quarries, 
whether in northern, central, or southern Kansas. The building stone of the lower strata is not so soft as that 
higher in the series. The color is always the same shade of drab or buff. The beds are all softer than those of 
Carboniferous age; and, being at the same time durable, they are much sought after by builders. While I call these 
rocks Permian, I must say that the contained fossils have also been obtained from the Upper Carboniferous of 
Missouri and Kansas; in fact, I believe nearly every well-known Permian fossil of Kansas has also been obtained 
from the known Upper Carboniferous strata of Kansas City, Missouri. Lithologically the rocks seem different, 
and we have mostly to be guided by their general appearance, which is very easily recognized even in small 
Specimens. 

CRETACEOUS.—The Dakota group is easily recognized, it being composed entirely of sandstone or shales. The 
sandstones are sometimes of a dirty white color, but are more often aferruginous brown. Good specimens of fossil 
leaves of dicotyledonous plants are sometimes found; also occasional layers of clay, ironstone, and some thin 
deposits of a poor quality of coal. 

The Fort Benton group in the lower part consists of dark shales, with beds of brown limestone in the upper part, 
which are very much used for building purposes. Although this rock is very soft, it is otherwise very durable and 
strong enough for buildings of several stories in height. One bed, banded red or brown and buff-brown, I have 
traced from Mitchell county through Russell and Ellsworth counties to Rush county. It is easily wrought with a 
common saw, and forms handsome walls, but is too soft for sidewalks. 

The Niobrara group of western Kansas affords the white-chalk beds, which furnish a very handsome white 
stone, but it is too soft for many purposes. It is extensively developed in western Kansas. This formation contains 
many rare and interesting remains of extinct vertebrata. The Tertiary is confined to northwest Kansas. 

The building stones of Kansas, although extensively used, are much softer than those of the states east, but, 
being easily worked, are being used now in many cities. Most of the Permian strata are too cellular or porous. 

QUARRIES.—The stone quarried near Irving is used at Atchison, Kansas City, and on the line of the Union 
Pacific railroad, which passes at a distance of about half a mile from the quarry. The rock is quarried for a 
distance of three-quarters of a mile in the bluffs south of the railroad. The upper or western quarry is from 15 to 
20 feet above the valley; the lower quarry is from 30 to 40 feet above it. The outer rock is blasted off and used for 
ballast on the railroad. After the stripping is taken off a level floor is sometimes exposed from 20 to 20 feet wide, 
and extending several hundred feet along the hill. The limestone formation quarried here is of no great thickness. 
At the upper quarry there are 3 feet of shales and soil, and below this three layers of limestone, the first 8 inches 
in thickness and the other two each 13 inches in thickness. At the lower quarry there is 1 foot of soil, and below this 
are four layers of limestone 9, 12, 16, and 19 inches in thickness, respectively, the last sometimes divided into two 
layers. The stone is quite soft and easily quarried, and is also easily dressed when first taken out, but hardens on 
exposure. The strata are very nearly horizontal and the beds are of quite uniform thickness. For the construction 
of railroad bridges and other like structures the stone requires but little dressing. 

From a quarry on the hill-top 1 mile southwest of Frankfort the stone is: used principally for foundations, 
though a church and a school-house and some storehouses have been constructed of it. There are other small 
openings both to the east and to the west of it. The hill is about 150 feet high, and the quarry rock occurs near 
the summit, with shales below, while a good bed of building stone appears near the base of the hill. The beds 
here worked are apparently the same as those quarried near Irving, and dip to the west from 80 to 100 feet in 7 
miles. 

‘ihe Atchison quarry furnishes stone for ordinary building purposes for local consumption. The limestone is 
here only from 4 to 8 feet in thickness. Sometimes it is cross-laminated, when it can only be used for common 
purposes. The bedding is generally even and horizontal. 
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Stone near Manhattan is quarried chiefly on the hill-top, about 200 feet above the valley of the Kansas river. 
A large portion of that used for the superstructure of buildings is taken out about 30 feet below the summit of the 
hill. A section of the rocks here is about as follows: Soil, 1 foot; limestone for bridge construction, 16 inches; 
limestone, 11 inches; flag-stone, 4 inches; two layers of limestone, 12 and 14 inches; depth not exposed, 30 feet; 
shaly, bluish limestone, 2 feet; building stone, 1 foot; and dark shale to the base of the hill, 170 feet, with a few 
limestone beds and red shale about half-way down. 

The stone used for bridge masonry is cellular and coarser than the other, but is equally strong and durable. 
Of the stone from these quarries there have been constructed in Manhattan an addition to the college building, 
six churches, the Adams hotel, and several fine residences. 

There are about 35 common buildings in Topeka: built from the stone from a neighboring quarry. They are 
all roughly built and laid in mortar. Some buildings have brick fronts, with stone in the remainder of the 
superstructure. This stone is also used in foundations. From another quarry the stone is shipped to various 
points along the Missouri Pacific railroad in Kansas and Missouri. This stone was used in the construction of the 
Congregational church and the public-school building at Emporia, Kansas, and an opera house is now being 
constructed of it in the same town. The Missouri Pacific Railroad Company has selected this material for the 
construction of shops, one about to be built at Parsons, Kansas, and another at Sedalia, Missouri. 

The stone from a quarry near Lane, Franklin county, is used principally at Ottawa and at Garnett, and some has 
been shipped to Chicago. One of the buildings of the asylum for the insane at Osawatomie was built of this stone. 
There are two varieties of stone obtained at this quarry, one a little darker in color than the other, and more 
uniform and compact in texture. The darker-colored variety has beeu dressed and sent into the markets for 
several years under the name of “ coralline” limestone. It is sometimes called oolitic limestone, being largely 
composed of small fossil fragments very much like the Indiana oolitic limestone and having also a similar 
appearance. This variety has a very firm, compact structure, and is susceptible of being quite highly polished. 
In the lighter-colored variety the fossil fragments are many of them larger and not so uniform in size, showing 
some evidence of stratification in alternate layers of coarser and finer material ; and the interspaces between the 
fossil fragments are not well filled, giving the stone a rather open and vesicular structure. This stone being easily 
quarried and dressed, is quite extensively used for buildings and trimmings. The quarry which is here most largely 
worked is on the point of a bluff about 100 feet in height. A branch of the Missouri Pacific railroad passes along 
the base of the hill, and provision might easily be made by which the stone could be placed on a car at the quarry, 
but at the present fine it is drawn a distance of 1 mile to the station. A section of the quarry shows the following : 
Loose material, 4 feet ; vesicular buff limestone, one layer 4 feet in thickness and another 1 foot in thickness; gray, 
irregularly-stratified limestone with some chert connections in layers from 2 to 6 inches in thickness, 6 feet; blue 
shale in thin lamina, 1 foot; irregular layers of buff limestone, 2 feet; gray limestone, 4 feet; and bluish-gray or 
drab oolitic limestone, 6 feet. This last has lately been most extensively used for building purposes. The layers 
are from 18 to 24 inches in thickness. These beds are all referred to the upper portion of the Carboniferous period. 
They are also well exposed along the bluffs of Pottawatomie creek from near Lane to Garnett. The upper quarry 
rock has been quarried at Greeley on the hill-top and used in railroad masonry. It has also been quarried near the 
Lawrence and Southern railroad, north of Garnett, and appears in the Marais des Cygnes bluffs near Ottawa for a 
distance of 15 miles tothe east. Good specimens of fossils can sometimes be obtained from this formation. 

The geological age of the formation in which the Cottonwood quarries are located is probably the middle or 
upper part of the lower beds of the Permian period. The rocks here lie below those quarried at Marion Center 
and Florence, and are probably above the Dunlap stone. Blocks of any length and breadth desired, and 24 feet 
thick, can be obtained from these beds. The quarries are easily worked by channeling and wedging. The stratum 
of quarry rock is, however, only about 6 feet in thickness, overlaid by a few feet of thin limestone layers and shales. 
The stone is used for general building purposes at Kansas City, Saint Joseph, Omaha, Des Moines, Pueblo, Denver, 
Lincoln, Atchison, Leavenworth, and Topeka. The material may be seen in the west wing of the state-house 
and in the basement of the post-office at Topek; in the basement of the depot at Pueblo; in the court-house at 
Leavenworth; in Creighton college at Omaha; in the depot at Atchison; inthe Missouri Valley Life Insurance building 
at Leavenworth; and in numerous other buildings along the line of the Atchison, Topeka, and Santa Fé railway. 

The beds quarried at Marion Center belong to the Middle Permian, and are at a horizon above those quarried at 
Cottonwood station, as has already been stated. A general section here shows: Flag-stone layers from 2 to 6 inches 
in thickness, 5 feet; magnesian limestone, 16 inches ; yellowish-drab soft limestone, uniform in texture, easily dressed, 
and used for the construction of buildings, 23 inches; and drab-colored limestone, considerably fractured and 
containing numerous chert concretions, 20 feet. The material from this quarry has been used in the construction 
of the asylum for the blind at Wyandotte, and the asylum for the insane at Topeka. 

The Florence quarry is now worked only to a small extent for flagging, and occasionally some building stone 
is taken out. Mostof the stone quarried is manufactured into lime and cement, the lower beds being used for 
lime. The excavations extend along the side of a hill for a distance of about 1,000 feet. A section here shows: 
Local drift, 4 feet ; drab limestone in thin layers used chiefly for lime, including also flag-stone layers and some stone 
which has been used for purposes of construction, 14 feet; below this are 6 feet of rough layers of limestone; 2 feet 
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of yellow shales; and 6 feet of rough limestone, sometimes apparently in two layers, with occasional cavities 
sometimes 2 inches in diameter. These strata are evidently equivalent to those at Cottonwood station, all of well- 
known Permian type, with typical Upper Carboniferous fossils. This stone was used in the construction of a sugar 
factory at Sterling, Rice county, and of a church at Topeka. 

The formation quarried at Augusta probably belongs to the Upper Permian beds. The quarry rock lies at the 
base of a hill and includes 6 feet of soft, buff-colored limestone in layers 1 foot and 2 feet in thickness. A few feet 
higher in the hill flag-stone layers occur 2, 6, and 8 inches in thickness. This stone is a little harder than the 
building-stone rock, and is used principally for sidewalks. Another building-stone quarry has been opened 15 
miles south of Augusta, where the rock presents a favorable appearance. Although quite soft, the stone is 
sufficiently strong for all ordinary structures and is quite durable. It has been used in the construction of some 
stone buildings at Augusta and at Wichita. Its largest use is perhaps for foundations and trimmings. 

There are probably a half dozen irregularly-worked quarries of the same kind of stone around and in Fort 
Scott. It is locally used for buildings, walls, foundations, and also for pavements. There are several houses built 
of it, and it stands the wear of from ten to fifteen years exposure very well. It turns to a brownish color on long 
exposure, and it possesses all the strength required for common structures. The layers are generally separated by 
thin, brown, calcareous, shaly bands, often containing fragments of Crinoidee and other known Carboniferous fossils, 

The following isa general section of Fort Scott strata: Limestone, 4 feet; calcareous shales, 1 foot; bituminous 
shale, 4 feet; coal, 8 inches; shales and fire-clay, 3 feet; hydraulic limestone, manufactured for that purpose here, 5 
feet; blue and bituminous shales, 3 feet; coal, 18 inches; fireclay, 4 feet; and shales and sandstone, about 75 feet. 

The stone quarried at Winfield has a uniform light drab or gray color, and is soft and very easily worked. It 
is quarried by means of plugs and feathers, the holes being bored with a common 14-inch auger having no point. 
These holes can be bored by one man at the rate of 6 inches in depth per minute. The stone has a handsome 
appearance and a good reputation for durability. It is shipped for general architectural purposes to Wellington, 
Ottawa, Leavenworth, Topeka, Atchison, and Wichita, Kansas; and to Kansas City, Missouri. A hotel, two school- 
houses, several churches, and other buildings have been constructed of it in Winfield, where over 10 miles of 
sidewalk have also been paved with flags from the quarry of Messrs. Hodges, Moore & Co. Some of the flags 
laid down are 10 feet long and 8 feet wide, and much larger sizes can be obtained. The rock occurs in layers 
from 4 inches to 2 feet in thickness, and the fine even stratification allows the heavier beds to be split into thin 
flags. There are usually from 4 to 6 feet of good building stone capped by from 3 to 5 feet of rough limestone. 


COLORADO, CALIFORNIA, MONTANA, UTAH, ETC. 
By WILLIAM FOSTER. 


In collecting data for the following report, notes were obtained from ledges in regions where the quarry industry 
is but slight; in some cases observations were made on ledges not yet quarried for building purposes. 

The whole line of the foot-hills in the eastern slope of the Rocky mountains, in Colorado, 4 is of outcrops of 
sandstones which vary considerably in color and texture. They are quarried in many places both for local use and 
to ship to Denver, which is the chief market for them all. 

At Fort Collins a very compact sandstone is taken out for “ footings” and foundations of all kinds. It is 
especially applicable to this purpose on account of its being capable of withstanding great pressure. It is also 
split into flags for sidewalk paving, but its color makes it objectionable for superstructures, being striped with 
different shades of reddish-brown. There is another sandstone near the same locality which can be quarried in 
blocks of any size required and in any quantity ; it has a uniform light color and fine grain, and cuts almost as easily 
as chalk, but grows much harder on exposure. 

At Morrison, in Jefferson county, are quite extensive quarries of both red and almost white sandstone of the 
Jurassic period. The white is only fit for foundations, but the red is a favorite stone for trimmings and also for 
whole buildings. It absorbs a large amount of water if left lying on wet ground, and then falls to pieces if exposed 
to frost, but it lasts well in masonry. 

At Manitou, El Paso county, an almost white sandstone of the Cretaceous period is quarried, which is now being 
used in Denver in the construction of Tabor’s new opera house; also in the new Union depot,and in many other 
buildings for trimmings. 

At Cafion City, where the Arkansas river cuts through the Cretaceous beds, are two quarries just opened: 
the Branford on one side and the Berlin on the other. The stone is light greenish in color and cuts very easily, 
and is being taken out at the Branford quarry for the walls of the new Paver horns for Arapahoe county at 
Denver. 

At Coal Creek, near Cafion City, is another good sound stone. Still farther south, at Trinidad, Las Animas 
county, stone is quarried and shipped to Denver. Some“ Trinidad stone” was put into the James office building 
in Denver. A little red granite split from bowlders has been used from a locality owned by the government, the 
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Platte caiion, between Jefferson and Douglas counties. It will not polish, on account of an excess of mica and 
hornblende. There are plenty of fine granites all through the mountains, but on account of the expense of 
working and transportation to market they are not used. 

In the immediate vicinity of the town of Castle Rock there is a large amount of lava (rhyolite) quarried, and, as 
with other stones, Denver is the chief market. The Denver and Rio Grande Railroad Company has used a good 
deal of it for stations, etc., along the line of its road. 

The rock splits in all directions easily with a hammer, has great strength in proportion to its weight, and makes 
a very handsome building with a stone face or rubble work. It will not take a polish or even answer for nice cut 
work, as it is porous and full of soft places called ‘‘ mud-holes” by the workmen. 

The only building stone which is quarried in Wyoming is at Sherman, the highest point on the Union Pacific 
railroad. At this point, the summit of the Black Hills, the road cuts through a very heavy body of red granite 
similar to the Scotch, but with much larger crystals. The monument to Mr. Ames is being quarried and cut at 
Sherman. Mark Hopkins, of San Francisco, had some taken out for his residence in that city, for steps, vases, 
etc.; his tomb at Sacramento is also built of it. The stone is very hard to work, and the sharpest tools are required, 
or the crystals of feldspar will fly out instead of cutting. 

There is plenty of geod granite in both Montana and Idaho, but there is no demand for an article which would 
cost so much there. A little stone has been used in the roughest kind of buildings, such as storehouses, breweries, 
and for foundations of some buildings, all taken from bowlders. Utah has a great variety of fine stones fit for 
buildings—marbles, limestones, sandstones, and granites—but as yet no regularly-worked quarries. Most of the 
stone work is done by the Mormon church for its own purposes, and the bodies of rock are mostly public property 
and free to all. 

The granite in Little Cottonwood cafion, used for the new temple in Salt Lake City, is taken from large 
bowlders which have rolled down from each side of the cation, and are split up and loaded upon the cars. When 
the supply gets short, more are rolled down to a convenient place for working. The stone is a very handsome 
gray, and does not rust on exposure, but there are large, almost black, knots called “ nigger-heads”, through the 
bowlders, and care has not been taken to have these come on the inside of the walls of the temple, thus marring 
what would otherwise be a very handsome building. The supply is unlimited, for when all the bowlders are 
used the solid ledge may be taken; the formation extends about miles up the cafion on each side. At Red Butte, 
near Salt Lake City, in the foot-hills, is a red Triassic sandstone, which may be had in several different shades. It 
has been used for the walls of several buildings, the piers of the old Mormon tabernacle, and for the foundations of 
many buildings. It is easily obtained, as it lies on the crest and sides of quite steep mountains and can be quarried 
and rolled down into the cafion below. The supply is so great that there will be no need of deep working for many 
years. The United States government has used about 7,000 cubic yards of this stone in the construction of the 
officers’ quarters, barracks, storehouses, etc., at camp Douglas. The buildings made of this rock are all of rubble 
work. <A few sample grave-stones have been cut from it, and blocks of the same are used for bases to monuments 
made of other stone. As all help themselves as they wish, I was unable to get any idea of the amount used each 
year or the expense of quarrying per ton or per yard. 

In Echo caiion, near Croydon, there is a quarry of red sandstone similar to the Red Butte, and probably of the 
same age, owned by the Union Pacific Railroad Company, and is worked by it for stone to put in bridge piers all 
along the road. It is considered very good for this purpose, as it does not shake to pieces with the jar of the 
trains. The company has allowed other parties to take stone for use in the vicinity and at Ogden, but the amount 
used in that way is small. 

From 80 to 150 miles south of Great Salt lake, marble specimens have been found, and also the rock in place, 
though not of a very good quality, owing to the beds being so twisted and shattered that it is impossible to obtain 
clear pieces of any size. Payson and San Francisco are the localities where most of the specimens have been obtained. 

At Manti, in the Sanpete valley, the Mormons have built a temple of oolitic limestone quarried on the ground. 
It has a very warm, rich, light brown color, cuts very easily, and yet holds its surface well. 

At Ogden the Episcopal church is built of a fossiliferous limestone. I was unable to get samples, as there is no 
regular work done. 

The state of Nevada has quarried some stone in the state-prison grounds at Cation City by convict labor. The 
stone is of very coarse sand, and contains fossils of both mollusks and vertebrate animals; also the tracks of some 
animal with three toes, like a bird, very plain in the surface of the stone which forms the floor of the prison-yard. 
The tracks are 11 inches long from heel to toe, and are 22 inches apart. The United States mint at Carson, the city 
hall and county buildings, are all built of this stone, and some was taken to Reno to form a portion of the walls of 
the state prison. The Carson sandstone is not fit for steps, floors, or any place where there is much wear, as it is 
coarse-grained and soft, and in such positions has to be replaced often. It also absorbs a large quantity of water, 
making it unfit for foundations or places where it is likely to be exposed to moisture. 

At Virginia City a voleanic rock is used for engine beds at the hoisting-works, and in other places where heavy 
solid foundations are required. The rock will not take a polish, but makes fine rubble work or stone face. It 
is quite easily quarried, and when freshly taken out cuts well and grows harder on exposure to the weather. There 
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is no regularly-worked quarry. Granite is also plentiful in the vicinity of Virginia City, but it is not much 
used owing to cost of working and transportation. A slab is being eut for the Washington monument. The stone 
is very heavy and of the best quality, but there is no market to encourage any one to open a quarry. The main 
part of the walls of the old state prison at Reno is of andesite, taken from a large body of this rock which lies 
about 2 miles north of the city, very easy of access. The rock forms the top of two low hills, which can be connected 
very easily by a side-track with the narrow-gauge railroad now building from Reno to Oregon. Reno has a few 
buildings, such as storehouses, built of it. 

The building-stone resources of California are immense in both quantity and quality. The granite quarries 
of Penryn, Pino, and Rocklin are worked extensively and with system. All the granite used in Sacramento and 
San Francisco, except a little from New England, comes from these quarries. 

Around the northern end of the bay of San Francisco, at Napa, Petaluma, Bridgeport, ete., are immense beds 
of basalt of several different qualities available for the construction of buildings in the future, but now only used 
for paving stone in San Francisco, Sacramento, and neighboring cities. A few small buildings have been put 
up in the vicinity of the quarries. Rhyolite is fourd near Mokelumne Hill in Calaveras county, of several different 
colors. It is used so far only in the immediate neighborhood; none has been shipped. Lake and Plumas couaties 
each has many varieties of volcanic rocks, but they have not been sufficiently investigated to determine their value 
as material for construction. On account of want.of means of transportation, it will probably be some time before 
it is used except locally. 

The sandstones are also well represented, both in color and texture, all around the bay of San Francisco. At 
Armory point, just east of Benicia, the United States government has built a large arsenal of light brown sandstone 
quarried on the spot. This is all that has been used of it, though the color is handsome and the stone is very 
durable. Angel island, in the bay of San Francisco, now government property, has furnished a bluish sandstone 
which was used for the Bank of California building; and as far as I can learn, that is all of any account. 

Near Alameda, Livermore, Haywards, and a number of other small places, quarrying has been carried on in a 
very small way in sandstones of various shades of light brown and blue, mostly for the San Francisco market. <At 
San José, near the southern end of the bay, is a quarry of light brown sandstone of several degrees of coarseness, 
unlimited in extent, and of very even color. The quarry has only lately been opened, and is now used in the 
trimmings of the new city hall in San Francisco, and for foundation and trimmings of the State Normal School 
building, San José, and that is all. It is almost pure silica, and stands fire so well that it is used for lining blast- 
furnaces and for cupolas, forges, etc.; it cuts very easily, when first quarried, into either ornamental, statuary, or 
faced stone, and grows very hard on exposure to the weather. 

California marbles are so bent and fractured by upheavals that it is hard to get pieces of any size without 
cracks and cavities. 

Thousands of dollars have been spent at Colfax in an attempt to open a deposit of drab marble and get it into 
market, but the parties failed ; some of the material was used for mantels, fireplaces, floor-tiles, etc., but the quantity 
was small and the stone not much liked, so no work has been done for some years. 

The so-called “California onyx” is the most beautiful of the marbles, and a small quantity was found at 
Suisun. This has now all been worked out. Kessler Brothers own another body of it near San Luis Obispo, and 
are now doing some very handsome work, such as counters for stores, mantels, fireplaces, vases, table-tops, ete. 
The quarry has not been opened long, and being far from market little has been used, and the quarry is not regularly 
worked. The owners are going to try and introduce it into the eastern cities. 

In Kern county there are marbles of many shades, but all are more or less broken and shattered, making them 
very hard to work. At Indian Diggings, Eldorado county, a marble has been quarried with almost white ground 
and blue streaks running through it, used a little for grave-stones, but not much liked, and is not now quarried. 

Arizona and New Mexico at the present time use very little stone for building purposes; the climate does not 
require it, and “adobe” is much cheaper. The Pueblo Indians once used cut stone in the construction of their 
dwellings, which are now in good preservation in many places. 
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CHapTeR VIL—STONE CONSTRUCTION IN CITIES. 


AKRON, OHIO. 


Akron has ready access to the celebrated quarries at Amherst, Berea, and other localities. The greater part of 
its stone construction is of the sandstone quarried from local quarries, while Berea sandstone is also largely used ; 
for foundations and underpinnings the local sandstone is exclusively used. The Akron sandstone, when carefully 
bedded, makes a very durable building stone, but its strength is not very great when the pressure comes unequally 
upon it. Memorial Chapel building is of sandstone from Marietta, Ohio. Stone has been but little used in paving 
the streets, and sandstone from Medina, New York, is the material used for this purpose. The sidewalks are 
largely paved with Berea sandstone. 


ALBANY, NEW YORK. 


Stone fronts in Albany are mostly of Connecticut brownstone. Ohio sandstone is used in trimmings. Granite 
from Maine has been used in some of the finer structures, such as the state capital, city hall, United States court and 
post-office buildings, and the state hall. Among the buildings in which Connecticut brownstone has been used are 
the Albany academy, cathedral of the Immaculate Conception, Saint John’s Roman Catholic church, Saint Peter’s 
church, Second Presbyterian church, Protestant Episcopal church, and Emanuel Baptist church. As in all the 
towns and cities on the Hudson, Albany is largely of brick; stone is used for large public edifices and in dwelling- 
house fronts to a limited extent. The cheapness of brick enables them to compete successfully with stone, even in 
foundations and cellar walls. A great variety of stone has been used in the new capitol building; the mass is 
Maine granite. In the interior decorations Mexican marble, Bellville sandstone, Ohio sandstone, and Lake 
Champlain marbles have been used. 

Saint Joseph’s Roman Catholic church is trimmed with Caen stone; this material weathers badly, and’ does 
not stand the severe winters. The Episcopal church, State street, is trimmed with Hudson River sandstone from 
Schenectady. This material comes out with natural faces, and these are weathered to brownish and greenish-yellow 
shades of color, giving the front a highly-variegated aspect. The weathering or fading on exposure is seen in different 
shades of color between the stone of the building proper and the tower ; the latter, of later construction, is the darker 
shade. The Second Reformed church, a large edifice of a composite style of architecture, is of limestone of Trenton 
age. The foundations and underpinnings are built of limestone from Amsterdam, Howe’s cave, Kingston, and 
Glens Falls; also sandstone from Schenectady, Highland, and other places in Ulster county is used for this purpose. 
The streets are largely paved with stone, and the materials used are bowlder or cobble-stone and granite blocks 
from New England; the dimensions of these blocks are usually about 14 by 4 by 8 inches. The following is an 
approximate statement of the number of miles of pavement of the different materials: 384 miles of cobble-stone 
pavements, 4 of granite block pavements, and 14 of macadamized pavements; total number of miles, 433. Number 
of miles of unpaved streets, 894. 

The sidewalks are largely paved with stone, and the materials used for this purpose are the Hudson River blue 
flag-stone, and blue flags from the Helderberg mountain; also some Potsdam sandstone; the curbstones are of 
the same materials. 


ALLEGHENY, PENNSYLVANIA. 


What is true of stone construction in Pittsburgh is also true of it in Allegheny, as the two places are separated 
only by the Allegheny river, and the sources of their building materials are precisely the same. In rare instances 
Connecticut brownstone is used, and a very little of New England granite, principally for cemetery work, but nearly 
all the stone construction is of sandstones and limestones of sub-Carboniferous and Carboniferous age quarried west 
of the Alleghany mountains, in Pennsylvania and Ohio. 


ALLENTOWN, PENNSYLVANIA. 


The stone used for foundations and other ordinary purposes of construction in Allentown are limestones and 
hard sandstones from small quarries in the mountains near the city. Sewers are constructed entirely of brick. 
The building stone used here is limestone and the mountain sandstone, and is of the most durable quality. The 
city engineer reports that the ground in some portions of the town is unfavorable to heavy buildings on account of 
being cavernous. The bridge abutments and arches are built of limestone and quartzite from the mountains near 
the city. The streets are but little paved with stone, and the material used is cobble-stone from the river. Some 
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of the streets are macadamized with limestone from the vicinity. There is but little stone sidewalk paving, and 
the material is the North River and Wyoming blue-stones, but the native limestone from the Lehigh valley is 
used to some extent for this purpose. 


ALTOONA, PENNSYLVANIA. 


The sides of the mountains near Altoona are thickly strewn with surface rocks of different geological formations 
which furnish nearly all the building stone for cellars, foundations, terrace walls, and other ordinary building 
purposes in the town and vicinity. These surface rocks are durable and very hard from long exposure to the 
weather. On breaking them up numerous cracks are found, owing probably to the effects of the frequent fires 
that pass over the mountains. The material is so rough and hard.as to make it extremely difficult to dress, and 
it is therefore not found practicable to use it for any other than the ruder purposes of construction, where dressing 
is not required. Material from a quarry of what is probably sandstone of Pocono (sub-Carboniferous) age, 2 miles 
from Altoona, is being introduced to a limited extent for cellar work and foundations. It breaks irregularly and 
with a conchoidal fracture. The supply of the material which is available is not large, owing to the amount of dip 
(about 45°) into the hill. For finer cut work some sandstone from Gallitzin, on the Pennsylvania railroad, west of 
Altoona, and in Cambria county, is used. It has a local use for caps, sills, bases, etc., as far east on the 
Pennsylvania railroad as Huntingdon, a distance of 60 miles. Amherst and other northern Ohio sandstones are 
employed to a limited extent for trimmings. The stone work in Altoona is confined chiefly to cellar and foundation 
work and a few terrace walls, the ground on which the city is built being somewhat uneven. There is scarcely 
any stone work in the shape of caps, sills, and columns, brick’ being used, as there is no stone in the immediate 
vicinity which would be very suitable for these purposes. The streets are paved with cobble-stones from the streams 
in the vicinity, but there is very little stone sidewalk paving. In front of the Logan house there was formerly 
considerable pavement, constructed of hard blue slate, which has a smooth, even surface, and presents a pleasing 
appearance when first put down, but is not durable. 


ATLANTA, GEORGIA. 


The stone chiefly used in this city is from local quarries. Some is brought from Dixon, Alabama, and Bowling 
Green, Kentucky, for trimmings. The Stone Mountain granite is shipped west to be dressed, polished, and carved, 
and then returned. The only buildings constructed entirely of stone are the warehouses. The usual style of 
building is a foundation and superstructure of brick with stone trimmings. The United States post-office and court- 
house is built of granite from Vermont. The foundation is the Stone Mountain granite. The new county court- 
house is to be trimmed with Bowling Green limestone. Several stores are trimmed with Dixon, Alabama, stone. 
The brick is of very superior quality ; stucco is used to some extent; the use of stone is increasing. The city has 
133 miles of streets; of these 10 miles are macadamized, and only7 miles have brick and stone sidewalks; 11 miles 
of the streets are sewered, and of the sewers about one-third are constructed of stone. The city prisoners work 
the quarry, and they are employed a portion of the time in macadamizing the streets and roadways. 

The city of Atlanta has an abundant supply of rock and good-granite accessible. The soil is red clay and 
furnishes secure foundations. The most durable stone is gneiss, locally called “blue granite”. The Stone 
Mountain granite wears away under attrition, and has not been long enough in use to determine its wearing 
qualities. The best granite at present known in the state is in Oglethorpe county, but it has not been used much 
as yet; it resembles very much the Quincy granite of Massachusetts. The growth of Atlanta has been very 
rapid of late years, and the macadamizing of the streets has proceeded at an average rate of only one mile a year. 
Granite, chiefly from Lynch’s city quarry, is used by the railroads for bridge piers and retaining-walls ; the railroad 
cut in the city is braced in this way. 


BALTIMORE, MARYLAND., 


The rocks exposed in the immediate vicinity of Baltimore are gneiss of Archewan age, and it was this material 
that was first drawn upon for the ordinary purposes of stone construction, it being the most convenient. Baltimore 
has, since its foundation, had ready access to all the important quarries on the eastern sea-coast, and it has drawn 
largely from this source. There is much of the Connecticut and New Jersey sandstone used; and of late years 
granite from the quarries on the coast of Maine has been largely employed. In the early times of the city, stone 
brought as ballast in the numerous ships arriving was used for ordinary purposes. Another important source of 
supply in later years and at the present time is the marble quarries at Cockeysville, a short distance north of the 
city. Granite from various points in the state of Maryland has been largely used, especially that quarried at 
Ellicott City, on the Patapsco river; at Woodstock, in Howard county, and at Jones’ falls.’ Since the city has had 
railway communication with all points in the interior, serpentine from Chester county, Pennsylvania, and Ohio 
sandstone have been largely used. 

The following are some of the most important stone structures in the city: The Eutaw Place Baptist church, which 
has a tower 187 feet in height; the Brown Memorial Presbyterian church, corner of Park and Townsend streets ; 
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the Franklin Street Presbyterian church; the city hall, and the Peabody Institute. These are all built of marble 
chiefly from the Texas and Cockeysville quarries, north of Baltimore. The Peabody Institute exhibits the 
Maryland marble to good advantage, as care was taken in selecting the material. In several buildings a very few 
defective stones injure the effect of whole structures. The First Presbyterian church, corner of Madison and 
Park streets, is built of New Brunswick, New Jersey, sandstone. The city prison is built of gneiss from Jones’ 
falls, with marble trimmings. The Catholic cathedral is built of gneiss from Ellicott City; the foundation-stone of — 
the building was laid on July 6, 1806. The older monuments were erected before marble had been quarried to. 
any great depth, hence the best material was not obtained. The corner-stone of the Washington monument 

was laid July 4, 1815, and that of the Battle monument September 12, 1815; the lettering upon the latter remains. 
quite distinct, showing that this materiai, even when not selected with any care, stands the test of time quite 
well. The Rialto building, Second street; the Kilby building, Baltimore street;‘the Franklin Bank, Citizens” 
Bank, Union Bank, and the Farmers’ and Planters’ Bank buildings are constructed in part of marble from. 
Cockeysville. The foundations and underpinnings are built of gneiss quarried in the vicinity and at Jones’ falls, 

Ellicott City, and Port Deposit; all of these places are readily accessible by water. Granites from Woodstock, 

Richmond, Virginia, and from the coast of Maine are employed to some extent for the same purposes. In the 
construction of the Young Men’s Christian Association building, the Normal School building, and the Traders’ 
National Bank building, Berea, Ohio, sandstone was used. About three-fourths of the streets are paved with stone, 
the material chiefly used for this purpose being cobble-stones and gneiss from Jones’ falls and Port Deposit, and. 
granites from Woodstock, and from Virginia and Maine; although brick is the material chiefly used for sidewalk 

paving, yet much of the North River blue-stone shipped from Rondout, New York, is used for this purpose. 
Granite from Woodstock, Maryland, and from Richmond, Virginia, and gneiss from Port Deposit, Maryland, are 
also used for this purpose; the curbstones are of gneiss from Ellicott City and Port Deposit and the granite 
from Woodstock. The bridge abutments, sea-walls, and the walls of fort McHenry are constructed chiefly of gneiss 
from Jones’ falls and Port Deposit. 


BANGOR, MAINE. 


The material used for the better class of stone construction in Bangor is granite exclusively, brought chiefly 
from Frankfort, Maine, and the islands of the Penobscot bay. Underpinnings are of granite. The post-office and 
custom-house buildingsare of granite, chiefly from Musquito mountain, Frankfort. The light granite is largely used 
in the city for sills, steps, and trimmings generally. The streets are but little paved with stone, and the material 
is cobble from Mount Desert island and other islands in Penobscot bay, and some also from the vicinity of the city. 
The sidewalks are paved with brick and concrete, no stone being used for this purpose. Curbstones and crossings 
are of granite. 


BINGHAMTON, NEW YORK. 


There is little stone construction in Binghamton, and the material used almost exclusively is limestone from 
a quarry in the vicinity of Syracuse. A little stone for railroad work comes from Nineveh. The streets are not 
paved; sidewalks are largely paved with sandstone from the Wyoming blue-stone region in Pennsylvania, and 
carbstones are of the same material. Some stone from Oxford, Chenango county, is also used for sidewalk 
pavements. 


BOSTON, MASSACHUSETTS. 
By JOHN ELI0oT WOLFF, Assistant in Geology in Harvard University. 
HISTORICAL ACCOUNT. 


When the first settlers came to Boston, over two hundred and fifty years ago, they probably found the land on 
which the city now stands covered with an abundant supply of our New England bowlders, which were at once 
useful in the construction of buildings, just as they are now used in the country; but it seems probable that no ledge 
of rock was found in the old town, outcropping through the thick clay covering, although there has been some 
difference of opinion on this point.(a) That they began at once to use stone for houses is shown in the following 
record: ‘Oct. 30th, 1630. A stone house which the governor was erecting at Mystick was washed down to the 
ground in a violent storm, the walls being laid in clay instead of lime.” (b) ‘A few houses were built of stone and 
some of brick, but these were exceptions to the general rule, until Boston had become over twenty years of age.” (¢) 
About 1650 Johnson says of the city, ““ * * * the buildings, beautiful and large, some fairly set forth with brick, 
tile, stone, and slate.” 

There existed until 1864 astone house built about this time (1650), which was early known as the “‘ Stone house 
of Deacon John Phillips”. * * * “It was built chiefly of stone, the common rocks found in the native soil of 








a Cf. Mem. Hist. Boston, Vol. I, p. 554, note. S. Godon: Mem. American Acad., Vol. III, 1809, and others. 
b Snow’s History of Boston, p. 40. 
¢ Shurtleff’s History of Boston, p. 589. 
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the peninsula having been broken into various shapes and sizes, and laid into place in the rough form left by the 
maul of the workman, the massive chimneys, with their spacious fireplaces, constructed of large coarse bricks and 
stones of uncommon size, were, as far as practicable, on the outside of the building, and portions of the house were 
covered with thick slate stones at the top of each of the stories.” (a) Another writer, however, says that “the 
foundation walls were four feet thick or more; the walls above ground were two feetin thickness, and built entirely 
of small quarried stones, unlike anything to be seen in this neighborhood, and were probably brought as ballast 
from some part of Europe.” (d) 

When Josselyn visited Boston, in 1663, he found many large streets largely paved with pebble, and, near the 
common, some fine buildings constructed of stone; and Ward said in 1699: “The Buildings, like their Women, 
being Neat and Handsome, and their Streets, like the Hearts of the male Inhabitants, are Paved with Pebble.” 
In fact for some two hundred years the streets were paved almost exclusively with cobble-stones obtained from 
neighboring beaches, and perhaps from gravel-pits, until granite blocks began to be used. Drake says that the 
paving of the public streets began very early, and was made of importance after 1700; the sidewalks were also. 
early paved with cobble-stones and flags. (c) 

The red Connecticut sandstone was shipped to Boston very early. In 1665 ordinances were passed in Portland, 
Connecticut, relating to the use of this stone by outsiders, which seems to have been used in Boston within the first 
hundred years; thus the Old Province house, erected in 1679, is described as having a flight of twenty massive red 
freestone steps; the freestone used in 1737 in the Hancock house came from Middletown, Connecticut. In consequence- 
of extensive fires, laws were passed in 1692 and 1699 concerning the construction of stone houses—that of 1692 
decreeing, ‘‘that henceforth no dwelling-house in Boston shall be erected and set up, except of stone and brick, and 
covered with slate or tile”. It could not, however, be enforced. The old triangular warehouse which stood near 
North Market street, and was built about this time, had three turrets covered with slate, and slate was used for 
roofing very early; this was probably in part imported from Wales, in part obtained in Massachusetts. Professor 
Shaler says on this point: 

From the slates and conglomerates of the Cambridge and Roxbury series the first quarried stones of this colony were taken. The 
flagging slates of Quincy, at the base of Squantum Neck, were perhaps the first that were extensively quarried. A large number of the 
old tombstones of. this region were from these quarries. The next in use were the similar but less perfect slates of Cambridge and 
Somerville; and last to come into use were the conglomerates and granites that require much greater skill and labor on the part of the 
quarrymento work them. At first the field-bowlders supplied the stone for underpinning houses and other wall work; so that the demand 
for grave-stones was, during all the first and for most of the second*century of the existence of the town, the only demand that led to the 
exploration of the quarry rocks of this neighborhood. Indeed, we may say that the exploration of the excellent building and ornamental 
stones so abundant here has been barely begun within the last two decades. (d) 

In the Massachusetts records there is aletter dated 1721 describing a visit to Hangman’s island in “ Braintry ” 
bay, and to Hough’s Neck near Squantum, and a return with a cargo of 20 tons of split slate, showing how 
extensively it was used even then. The use of stone for walls, steps, and underpinning was constantly increasing, . 
and we find that the inhabitants of Quincy were alarmed at the rapid manner in which the bowlders disappeared 
from their fields, for in 1715 and 1729~30 the town passed laws regulating their use. (é) 

In 1737 the old Hancock house (taken down twenty years ago) was built of Braintree bowlders, squared and 
hammered, with red freestone trimmings from Middletown, Connecticut; and it was slated (probably at some later 
date) with slate from Lancaster, Massachusetts. 

From 174954 was built King’s chapel, now standing on Tremont street—at that time the greatest stone 
construction ever attempted in Boston, if not in the whole country. It was built of coarse bowlders dug out of © 
the ground at both the north and south commons, Quincy (Braintree), and then split and hammered. The bowlders 
were split up for this building, it is said, by heating the stone (by building a fire upon it), and then splitting it by 
letting heavy iron balls fall upon it; in fact squared and hammered granite had only been used a short time before 
this in Boston, as the art of working it to a smooth surface is said to have been introduced about this time by 
German immigrants who settled at Quincy. Of course granite obtained in this way was very expensive and the 
process could best be applied only to bowlders having a free side. 

When this work was finished it was the wonder of the country round. People coming from a distance made it an object to see and 


admire this great structure. The wonder was that stone enough could be found in the vicinity of Boston fit for the hammer to construct 
such an entire building. But it seemed to be universally conceded that enough more like it could not be found to build such another. (f ) 


In 1774 the old powder-house was built of Braintree granite, with walls 7 feet thick; and in 1793 the stone 
light-house was built on Light-house (or Beacon) island. 

About this time marble began to come into use for building, corresponding to the opening of the Berkshire, 
Massachusetts, marble quarries (1790), for the state-house, built 1795~98, is described in old books as having 
keystones, imposts, etc., of white marble ; part of this came from Boynton’s quarry in West Stockbridge, Berkshire 
county.(g) Thus the “new almshouse”, erected in 1800, had marble trimmings; and the Exchange coffee-house, 


a Shurtleff, loc. cit., p.° 666. d Mem. Hist. Boston, Vol. I, p. 5. f Chief Justice Shaw, Proc. Am. Acad., 1859, IV, p. 353, etc. 
b Savage, Police Record. e Pattee’s Hist. of Quincy, p. 599. g D. D. Field’s History of Berkshire County, p. 275. 
e Old Landmarks, p. 21. 
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erected in 1805-08, had six large Srianiile columns or pilasters upon a rustic basement, supporting an architrave 
and a cornice of the same stone. The base of the building was of hammered granite and the basement of white 
marble. The old custom-house, built in 1810, had also marble trimmings. 

About the beginning of this century came a turning point in stone construction in Boston and the country 
generally, coincident with the changes in the method of splitting granite. According to Chief Justice Shaw (loc. 
cit.) this was determined by the introduction of the method of splitting granite by drilling holes and then driving 
in small wedges. The construction of the first part of the Massachusetts state prison in Charlestown, finished in 
1805, seems to have been the cause for the introduction of this method of splitting granite by drilling holes and 
driving in small wedges, now universally used ; so that this building, together with Bunker Hill monument and 
King’s chapel, must be regarded as of great historical importance in the development of granite construction in the 
United States. 

Shortly after the beginning of this century, then, granite began to be used extensively in Boston, and of two 
varieties; white granite (the so-called Chelmsford) from Tyngsborough and Westford, near Lowell, Massachusetts, 
and perhaps some from Pelham, New Hampshire, and other places—quarried generally, if not entirely, from loose 
bowlders for many years; and the dark Quincy granite, mostly from bowlders, but a little from ledges. Thus in 
1810 the court-house (old city hall) was built of white Chelmsford stone on the site of the present building, in the 
walls of which some of the old stone has been retained; in 1814 the New South church was built of the best 
Chelmsford granite. About the same time, what is now the Congregational house, on Beacon street, was built; the 
old Parkman house on Bowdoin square, University hall in Cambridge, and others, all of Chelmsford granite ; and 
from 1818 to 1821 the main part of the Massachusetts general hospital, with several large granite columns, was 
hammered at the state prison—also of Chelmsford stone—probably from bowlders. 

The completion of the Middlesex canal to Chelmsford (30 miles) in 1803, itself a great work, with sixteen locks 
of hewn granite, opened the way for the easy transportation of granite from the vicinity of Chelmatoxds so that 
it could be delivered in the very streets of the city, and great quantities were landed at the state’s priabe in 
Charlestown and cut by the convicts. All, or nearly all, of this stone came from surface bowlders, as is stated, as 
late as 1820, (a) and were split as at Quincy; in 1818 a church was built of this stone in Savannah, Georgia, and 
$25,000 wor th was sold. 

In 1818~19 there was built of this material the first stone block in Boston, still standing on Brattle street, and 
forming originally a block of fourteen buildings, part of which now form the old part of the Quincy house. Stoves 
erected on Cornhill in 1817 were the first erected in the city on granite pillars, and in 1820 these were first 
substituted in brick buildings already standing. (b) In 1820 Saint Paul’s church on Tremont street was built of 
Quincy granite with large columns and portico of yellow sandstone from Acquia creek, Virginia. Some yellow 
sandstone from England was used in buildings on Cornhill in 1817. 

The mill-dam connecting Boston with Brookline and Roxbury, and built from 1818 to 1821, was eonmitienee one 
of the greatest constructions of the kind in the world. The sides of the dam are built of pad stone for 8,000 feet 
in length, from 8 to 3 feet thick, and 12 to 17 feet high, while the width between the walls varies from 50 to 100 feet. 
The stone used was Roxbury pudding-stone and stone from Weymouth. 

In 1824 the United States branch bank was built on State street of Chelmsford granite, and has been called 
the first building constructed of large stone (the state’s prison, however, should be noted); a part of this building 
still remains in its successor, the Merchants’ Bank building, and the two columns in the present front were taken 
from the two in the original building, but reduced in size. These two columns were originally 24 feet high, including 
the cap, and 4 feet in diameter at the base, and were cutfrom a large bowlder of granite in Westford, Massachusetts. 

The next year the construction of Bunker Hill monument began (1825-1842), the greatest monuments of its kind 
in the world, and marking a most important step in stone construction in this country. The architect was the well- 
known Mr. Solomon Willard, and the master mason Mr. Gridley Bryant. To these two men is largely due the 
development of stone construction in Boston. 

After his appointment as architect, Mr. Willard spent considerable time in looking up a quarry, and finally 
decided on the Bunker Hill quarry in Quincy, from which the stone was accordingly taken, and it was for the purpose 
of transporting to tide-water the stone for the monument that Mr. Bryant built the first railroad in America. 

From the Memoir of Solomon Willard, by William W. Wheildon, we quote as follows: 

The opening of the Bunker Hill quarry led to the discovery and opening of other quarries, caused the building of the first railroad in 
the country, and gave animpulse to business which has adorned our cities with a class of splendid and substantial buildings, both public 
and private, which for durability and beauty are wholly unsurpassed. 

Mr. Willard felt persuaded that an improvement in the material for building purposes so decided as that which he, in fact, had 


introduced would gradually effect a change in the style of building and in the general architecture of the times. Granite, as a building 
material, excepting in a few instances, and these mostly under Mr. Willard’s superintendence, had been used in small pieces or blocks of 


a W. Allen’s Hist. of Chelmsford, Mass. b Snow’s Hist., p. 328, note. 
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moderate size for cellar walls, underpinning, posts, lintels, etc., and his first measure was to introduce the material in large bloeks, such: 
as were in themselves massive and durable, which, as hesaw at once, would absolutely necessitate changes in the style of architecture and 
in the character of public buildings, stores, and other substantial structures. 

In 1825-26 the Quincy market was built of Chelmsford (and Hallowell) granite, with large columns of the same 
at each end of the building. Soon large buildings were put up of Quincy granite, and the construction of stone 
buildings went rapidly forward after 1830 to the present time, so that only a general mention is possible: 

The Tremont house, 182829, granite; dry dock at navy-yard, 1827~34; old Trinity church, 1828; Masonic temple 
(United States court-house), 183031; Suffolk County court-house, 1833~’36; and the United States custom-house, 
1837-1848, may be mentioned as opening the great development in the construction of Quincy granite buildings, 
-and as showing how the Quincy granite supplanted the Chelmsford. In 1848 we find already thirty or forty blocks 
of granite mentioned in the city. The eight stone columns put in the county court-house (1835) were of importance, 
each one requiring 65 yoke of oxen and 12 horses to transport it; and also those put up in the Merchants’ exchange, 
in 1842—the largest in the city—may be mentioned. About this time there was a considerable use of the Somerville 
diabase for basements of brick buildings and of red sandstone for trimmings. About 1845 the red sandstone 
came in for fronts, and several churches, the Boston Athenzum, etc., were soon erected. The Times building on State 
street is said to have been the first building with a red-freestone front. Rockport granite began to be used from the 
quarries about 1830, and was at first put into cellars for brick buildings, and then for posts in North and South Market 
streets. The first building of hammered Rockport stone was that of Terice How & Co., about 1846, and the Beacon 
Hill reservoir, a little later, of Rockport stone, was a very extensive undertaking. The Parker house, erected in 
1854, was the first marble building in the city. Concord granite was first used in columns in the Boston and 
Albany depot; the Merchants’ Bank building was perhaps the first front (1856) of Concord granite. ‘The Washington 
building at the head of Franklin street is said to have been the first building of Nova Scotia freestone (1858). Within 
the last twenty-five years various other building stones have been introduced: the Roxbury pudding-stone for 
churches, the different marbles and sandstones, and lastly the red granites. The building up of the Back bay has. 
been very extensively done with sandstone fronts. The great fire in 1872 wiped out hundreds of stone buildings 
and blocks which had been erected during forty years in the business portion of the city. The buildings were 
very largely Quincy granite, Rockport, Concord, Hallowell, ete., and in their places have sprung up buildings of 
lighter-colored stone, Concord and Rockport granites, and a great proportion of buildings of the yellow sandstones 
of Ohio and the provinces, together with many marble buildings. 


STATISTICS. 

According to the assessor’s list for 1880 there are about 51,000 dwelling-houses, stores, and other buildings in 
the city of Boston. The following figures can be compared with those above only approximately, on account of 
the probable differences in making the count; for in the figures for stone buildings, what appeared to be separate 
constructions were counted as units, and several dwelling-houses may make up one stone building. There are in 
the city limits of Boston, by actual count: (a) 
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a This is a close approximation, but cannot of course pretend to be accurate to a single building. 
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Therefore between 14 and 2 per cent. of the buildings of the city are of stone. Some of the more important 
constructions of the different kinds of stone are: 

QUINCY GRANITE.—United States custom-house (183748) is constructed in the form of a Greek cross. It is 
surrounded by 32 massive stone columns, each of which is 5 feet 2 inches in diameter, 32 feet high, and weighs 
42 tons. The roof and dome are covered with granite tiles worked at Quincy; there is said to be about the same 
amount of stone in this building as in Bunker Hill monument—6,700 tons. The county court-house (1833-36) ; 
there were originally eight stone columns 25 feet 6 inches high and 4 feet 6 inches in diameter, weighing 50 tons 
each. Suffolk County jail (1851); there is also some stone in the building from the Rockport Granite Company. 
Charlestown state prison (1805, 1828, and 1850); the old part was probably in large part from bowlders; some of the 
blocks were 9 feet long and 20 inches thick (1805). United States court-house (183031); Masonic temple; Tremont 
house (1828~29) ; King’s chapel, 1754—bowlders; Saint Paul’s church (1820); the yellow sandstone columns, etc., 
from Acquia creek, Virginia; Howard Atheneum (1846); Merchants’ exchange (1842), Wigwam quarry. The 
pilasters in front of this building are the largest in the city; the large ones are 41 feet 8 inches long, 6 feet wide, 
and weigh 50 tons ; Boston Museum (1846); Merchants’ National bank (in part) ; Suffolk National bank; State Street 
block; State Street wharf building ; United States warehouse, Union wharf; Lewis wharf building; Commercial 
wharf building; Commercial block; Long wharf building; the buildings of Hovey & Co. and of Hogg, Brown & 
Taylor; Mount Vernon church; Unitarian church, Jamaica Plain; Bowdoin Square Baptist church; Catholic 
church, Broadway, South Boston; many of the buildings in the navy-yard, Charlestown; United States dry 
dock; basements of Equitable Life Insurance and New England Mutual, and many other large buildings; lastly, 
Bunker Hill monument, from the Bunker Hill quarry. The monument has two parts, an inside and an outside ; 
the outside part is in form a square pyramid or obelisk, 30 feet square at the base, and tapering gradually. A 
pyramid of stone 13 feet high tops this, so that the total height is 221 feet 5 inches. Inside the pyramid there is a 
hollow cone of stone with a circular section (diameter at base 10 feet), and between the outside wall of the cone and 
the inside wall of the pyramid are placed the stone steps. There are, therefore, four wrought stone surfaces in the 
monument extending from top to bottom. There are said to be 6,700 tons of granite; a little of the stone inside is 
said to be Chelmsford granite. Height of monument to the apex, 221 feet 5 inches; height of obelisk to base of 
pyramid, 208 feet 5 inches; sides of the square, first course, 30 feet to 15 inches; height of the cone, 196 feet 9 
inches; diameter, 10 feet to 6 feet 2 inches; pyramid 13 feet high; sides of base 15 feet. 

CAPE ANN GRANITE.—The United States post-office (1869-’82) is the finest granite building in the city. 
The stone was all furnished from Gloucester, the basement of darker stone from the Blood quarry, and the 
superstructure from the “Old Pit” quarry. The superstructure of that part of the building first erected was taken 
essentially from one immense sheet in the quarry; the stone is syenite. The pavement on the floor is from Swanton, 
Vermont. Lake Champlain, Sicilian, and Sienna marbles have been used in the interior; the roof is slate, from 
western Vermont. The Boston water-works is an immense granite structure on the side of Beacon hill; the basin 
is of Westford granite. Lawrence building, Fremont street; the building of Bigelow Kennard & Co., Washington 
street; Wesleyan hall; Commonwealth building, Water street; Saint Vincent de Paul church, South Boston; 
church of Our Most Holy Redeemer, East Boston; the rope-walk at the navy-yard, 1,360 feet long; South Boston 
Savings bank, and many stores on the business streets. 

CONCORD GRANITE.—Herald building; Transcript building; Wentworth building; Emigrant Savings bank; city 
hall; Massachusetts Historical Society building; Suffolk Savings bank; Horticultural hall; Masonic temple; the 
Advertiser building; Merchants’ National bank; National City bank; Lawrence building, Devonshire street; Rialto 
building; New England Mutual Life Insurance Company’s building; building corner Summer and Bedford streets; 
‘building on Winthrop square; Brooks estate, Pearl street; Union Institute for Savings, Bedford street; Bowditch 
block, South street; Odd Fellows’ Memorial hall (in part), 27-50 High street; and Cruff’s block on Pearl street, 
from Fitzwilliam, New Hampshire. 

CHELMSFORD GRANITE (WESTFORD, etc.)—Massachusetts general hospital, the original part (1818~21) from 
bowlders, probably hammered at the state’s prison; addition of 1846 from Westford. Quincy market (1825~26) with 
some Hallowell granite; two blocks of stores, north and south of the market; church of the Immaculate Conception; 
‘Congregational house; Somerset club, Beacon street; Quincy house (old part); Parkman house; part of the 
Merchants’ National bank and new city hall; basin of Boston water-works. 

HALLOWELL, MAINE, GRANITE.—Equitable Insurance Company’s building; Odd Fellows’ Memorial hall (part 
Concord); some in Quincy market; Mutual Life of Maine, Tremont street; National Bank of the Republic; large 
block in Winthrop square (in part). 

ROLLSTONE HILL, FIrcHBURG, MASSACHUSETTS.—Fitchburg depot (1847). 

‘JONESBORO’, MAINE (Bodwell Granite Company), RED GRANITE.—Wellington Brothers’ building and Nevin 
Brothers’ building, on Chauncey street; the Morse block, South street; and the Preston building, Summer street. 

SAINT GEORGE, NEW BRUNSWICK, RED GRANITE.—Bedford building, Summer and Bedford streets. 

VINAL HAVEN, MAINE, REDDISH GRANITE (Bodwell Granite Company).—Building corner Kingston, Bedford, 
and Columbia streets. 
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MEDFORD OR SOMERVILLE BLACK GRANITE (diabase).—Front, corner Harrison avenue and Way street. 

PORPHYRITIC GRANITE FROM FRANKFORT, MAINE.—Gernish block (1849). 

MARBLE.—Goldthwaite & Co.’s store, Washington street: from Sutherland Falls, Vermont; Commonwealth 
hotel, Continental block, Washington street, Boston Penny Savings bank: from Pittsford, Vermont; Parker house, 
on School street (1854): from Rutland, Vermont; Blackstone National bank, Commonwealth Insurance Company: 
from Pittsford, Vermont; Bowdoin building, Bedford building, Summer and Bedtord streets: from Sutherland Falls, 
Vermont; Rogers’ building, hotel Comfort: from Rutland, Vermont; building corner Franklin and Pearl streets: 
from Sutherland Falls, Vermont; Saint Cloud hotel, hotel Dartmouth: from Rutland, Vermont; old part of hotel 
Vendéme, Italian marble; Richardson building, Devonshire street: from Lee, Massachusetts; block of stores on 
Pearl street (Nos. 113-151): from Alford, Massachusetts. 

TUCKAHOE, NEW YORK, MARBLE (DOLOMITE).—Sears’ building; McCullar & Parker’s building; Mason & 
Hamlin Organ Company’s building; Chandler’s building, Devonshire street; large building corner Devonshire 
and Franklin streets; New York Mutual Life Insurance Company’s building, one of the finest stone buildings in 
the country: from the quarry at Tuckahoe, New York; Montgomery building, Summer and Chauncey, hotel 
Venddme (new part): from Tuckahoe, New York. 

RED SANDSTONE FROM CONNECTICUT VALLEY AND NEW JERSEY.—Church of the Messiah, Florence street 
(1848): from New Jersey; 681 Washington street: from Longmeadow, Massachusetts; Evans house: from 
Portland, Connecticut; hotel Pelham: from Portland, Connecticut, and New Jersey; Brewer building: from 
Connecticut; Boston Atheneum: from Little Falls, New Jersey; Second Unitarian church, Boylston street: 
from Newark, New Jersey; Arlington Street church: from Belleville and Little Falls, New Jersey; five houses 
on Mount Vernon street: from Portland, Connecticut ; and great numbers of fronts in the Back bay and elsewhere. 

RED SANDSTONE FROM THE PROVINCES.—Wilde buildings, New Washington street: from Mary’s Point, New 
Brunswick; buildings of Palmer, Batchelder & Co., Jordan, Marsh & Co., Boylston bank, Young Men’s Christian 
Union, Boylston street; Channing building, Franklin street; Howard buildings, Arch street; Richardson’s 
building, Federal street: from Bay View, New Brunswick; Bristol building, Boylston street: from Wood’s Point, 
New Brunswick; bank building in Charlestown: from Bay View; Liberty building: from Wood’s Point; buildings 
of Currier & Chamberlain, Washington street, and Minot, Hooper & Co., Ringston street: from Mary’s Point; 
many fronts in Back bay and elsewhere. 

YELLOW TO WHITE SANDSTONE FROM BEREA AND AMHERST, OHIO, AND FROM Nova ScoTriA AND NEW 
BRUNSWICK, ETC.—Saint Paul’s church (1820), columns, etc.: from Acquiacreek, Virginia; Wilde buildings: from 
Caledonia, New Brunswick; Associates’ building (Leopold Morse & Co.): from Berea, Ohio; buildings of Palmer, 
Batchelder & Co.: from Caledonia, and Mary’s Point; Shreeve, Crump & Low: from Amherst and Berea, Ohio; 
Rk. H. White & Co.: from Amherst, Ohio; Boylston Bank building: from New Brunswick Freestone Company ; 
Dobson’s building: from Amherst, Ohio; Call & Tuttle, 459 Washington street: from Caledonia, New Brunswick , 
hotel Boylston: from Amherst and Berea, Ohio; Young Men’s Christian Union: from Amherst, Ohio; Tremont 
National bank: from Bay View; Simmons’ building: from Berea, Ohio; Metropolitan National bank: from 
Amherst, Ohio; Angelo building: from Ohio; Minot, Hooper & Co.: from Bay View; Harvard College building, 
Arch street: from Amherst, Ohio; Richardson’s building, Federal street: from Bay View; Rice, Kendall & Co., 
Federal street: from Berea; Alexander building, Washington street, and Sargent’s block, Lincoln street: from 
Mary’s Point and Caledonia, New Brunswick; extension Young’s hotel: from Caledonia, New Brunswick; Rand, 
Avery & Co., Mason building (trimmings): New Brunswick freestone. 

ROXBURY CONGLOMERATE OR PUDDING-STONE.—First church, Marlborough and Berkeley streets; Brattle 
Square church; Central Congregational church, beilseley and Newbury streets; Emanuel church, Newbury street; 
new Old South church; Second Universalist church; Tremont Street Methodist Episcopal church; cathedral of 
the Holy Cross; Saint James (Episcopal) church; Mission church, Tremont street; Saint Peter’s church, 
Dorchester ; Saint Columbkille church, Brighton ; Saint John’s church and the Bussey institution, Jamaica Plain, 
and several others. 

SOMERVILLE OR CAMBRIDGE SLATE.—Saint Francis de Sales church, Charlestown. 

DEDHAM PORPHYRY OR FELSITE.—Trinity church, from Mr. Bullard’s quarry, Dedham. 

The city has been very fortunate in having close at hand such an excellent stone as the Roxbury conglomerate 
for certain purposes. It has been used almost entirely for churches, the stone being so laid up that the exposed 
surface is that of a natural joint, the rusty-brown color of which is very effective in massive buildings; but of 
course this use of joint surfaces adds to the expense. 

In the trimmings of buildings the red sandstones of Connecticut valley, of New Jersey, and of the provinces 
have been universally used with brick, and also the yellow sandstones to a considerable extent, while the granites 
have been used somewhat, especially in the large brick buildings. With the Roxbury conglomerate red and yellow 
sandstone are used, but the Catholic churches seem to prefer Rockport granite. The new Old South is trimmed with 
yellow sandstone from Amherst, Ohio, and red sandstone from Longmeadow, Massachusetts. Quincy, Rockport, and 
Concord granites are the most used for trimmings and supports; also granite from Spruce Head and Hallowell, Maine. 
The new Boston and Albany depot is trimmed with two shades of the gneiss from Monson, Massachusetts. The 
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Mechanics’ Charitable Association’s new building has steps, etc., from Sullivan, Maine. The Boston and Albany 
Railroad round-house, East Boston elevator, etc., are trimmed with granite from Braggville, Massachusetts. In 
Gilman & Cheney’s building, Charlestown, granite from Deer Isle, Maine, has been used. Red granite from 
Westerly, Rhode Island, has been used in some churches. Coarse porphyritic granite (Frankfort, Maine) has been 
used in houses on Hathisat avenue. 

Marble has been used for trimmings in some large buildings, and the Tuckahoe dolomite a little, e. g., in a house 
opposite the state-house. The blue or dove marbles have been used in several buildings of white marble; that in 
the Sears and Montgomery buildings is from Dover, New York; another dove marble (Rogers and other Rath” 
comes from Rutland. The gray marble from Isle La Motte, lake Champlain, has been used for trimmings in a few 
buildings (Summer and Pearl streets). In the Richardson building on Federal street the beautiful green serpentine 
from Chester, Pennsylvania, has been used with marble, but it has crumbled badly with the exposure; the same 
stone used in Philadelphia has stood well (University of Pennsylvania buildings). The Hudson River blue-stone 
has been used for trimmings with Tuckahoe marble in the building corner Devonshire and Franklin streets. 
The bright red sandstone from Potsdam, New York, has been used a little (columns and trimmings of house Myrtle 
and Hancock streets, and in Raynor block, in Union street). 

For polished granite ornamentation there has been a considerable use in columns on the exterior of buildings 
(red Scotch, Saint George, New Brunswick, Red Beach, and Jonesboro’, Maine); dark red and pink Quincy and 
gneiss ool (new Old South church). In Wellington Brothers’ and Nevin Brothers’ buildings are polished 
columns of Vinal Haven, Maine, granite. In the Wentworth building are columns of the porphyritic Shap granite 
(English) ; in the hotel, Boylston avenue, some very beautiful columns of red Quincy; the dark may be seen in the 
Tremont National bank, Providence depot, and many other buildings. In the Herald and Bedford buildings may 
be seen polished Saint George granite, Scotch and Jonesboro’ in many others. At No. 55 High street, in the Mason 
building, the Bedford building, and elsewhere the underpinning or granite supports are of polished work. 

For foundations the granites of Quincy and cape Ann, together with Cambridge slate and Roxbury stone, are 
used. The Somerville diabase was extensively used forty years ago, and about forty-five years ago the rails of the 
Lowell railroad from Boston to Medford were laid on a foundation of this stone from Dane ledge, Somerville. 

For underpinning, Quincy, Rockport, and Concord granites are generally used; red and yellow sandstones also 
very extensively in dwellings. In Charlestown the Somerville slate and in Hexbany and Jamaica Plain the 
conglomerate are largely used, on account of the proximity to the ledges. Hallowell, Spruce Head, Vinal Haven, 
Deer Isle, and other granites have been used. In the very old houses one sees generally the white Chelmsford 
granite, looking very rough, as the bush-hammer had not been invented forty years ago. At that time the 
Somerville diabase was very extensively used for underpinning in Tremont and Hanover streets, Harrison avenue, 
and in the neighborhood of the Charles Street jail. Im many of these old streets the Connecticut sandstone was 
profusely used, and, being of poor quality then, shows the effects of the frost very plainly. Marble and Hudson 
River blue-stone have also been used. The handsome granite basement of the Art Museum building is from Mr. 
Corliss’ quarry at Randolph, Massachusetts. 

Posts and walls are made generally from the varieties of granite—Quincy, Rockport, and Concord; mainly 
for posts, Spruce Head diabase, etc.; the granites and sandstones for steps; for walls, Quincy, Rockport, Concord, 
and Chelmsford sandstone, conglomerate, and slate. . 

As mentioned before, the streets were early paved with the cobble-stones from the beaches, and these were 
generally used until about 1840, when Mr. Willard laid the first paving blocks of Quincy granite in front of the 
Tremont house; they were very large at first—18 inches by 14 feet—but became smaller until about a foot square. 
For a while (1856) blocks of trap from Bergen hill, New Jersey, were used, until in 1858 Mr. Henry Barker, of 
Quincy, introduced the small granite pavers which have since been universally used. At present the paving stones 
come from Rockport, Quincy, and the Maine quarries—all of granite. Granite curbs were used long ago; at present 
Quincy and Rockport furnish most; some are of Hudson River blue-stone. There are 355 miles of public streets and 
about 410 miles in all; of these 67 miles are paved. 

Sidewalks were flagged or paved in this century. Before the North River flagging came into use in the city, 
quantities of the Bolton, Connecticut, flagging (a mica-schist, wearing down easily) were laid down. Pemberton 
square is still largely flagged with these, and many other places in the city, where it still lingers. At present, 
while brick is generally used, the business streets are flagged with North River stone and granite flags, the granite 
principally from Rockport aad Quincy. Red sandstone flagging is used once or twice. For crossings, North River 
stone and granite; a great deal of the granite comes from the old-fashioned paving blocks. For the catch-basins 
of the sewers Rockport granite is largely used. Im some of the old city sewers pudding-stone has been used for 
side walls, and especially for culverts; in some cases the old brick sewers were covered on top with slate. In the 
improved sewerage construction at Moon island considerable masonry has been used in the pumping station—the 
granite from cape Ann, Quincy, and Mount Desert. 

The reservoir of the Boston water-works on Beacon hill has been deseribed. At the Chestnut Hill reservoir 
the lining is trap and pudding-stone with a cap of Douglass mica-schist. The East Boston and South Boston 
reservoirs are lined with Quincy granite. The Parker Hill reservoir has a pudding-stone wash-wall with cap of 
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granite from Graniteville, Massachusetts. The Mystic reservoir has a granite cap. The Sudbury Riwer conduit 
crosses Charles river over a bridge 475 feet long, of granite from the Cape Ann Granite Company ; and the Waban 
Valley bridge of the same, 536 feet long, is from Spruce Head and Deer Isle, Maine. Three dams are built of 
Farmington and Cape Ann granite, ete. 

The abutments of the Boston bridges are of granite from Quincy, cape Ann, and various other places ; the 
West Chester Park bridge, for instance, is of Milford, Cape Ann, Deer Isle, and Mount Desert granite. For the 
walls and abutments and other stone-work of railroads, granites, pudding-stone, diabase, slate, etc., are used; the 

srageville granite was used quite largely by the Boston and Albany railroad. 

For the sea-walls surrounding the city, Rockport and Quincy granites, Somerville diabase, pudding-stone, ete., 
have been used. In the sea-walls built extensively in the harbor on Galloup island, Point Allerton, Long island, 
etc., granite has been used—a great deal from Biddeford and Bamebrush, Maine. 

Forts Winthrop, Warren, and Independence, in the harbor, are of granite from Quincy, Rockport, and other 
quarries. Boston Light and Minot’s Ledge light-houses are of stone. 

ROOFING.—The John Hancock house and old state-house were slated from Lancaster; but the Welsh slates 
were used in Boston probably two hundred years ago. The Lancaster quarry furnished great amounts of slate to 
the city after the Revolution, and the slate quarries near Brattleboro’, Vermont, furnished slate early in this century. 
About thirty-five years ago the slates from western Vermont and the Maine slates came into use for roofing, and 
their use has steadily increased until very little Welsh slate is now used. At or after the time of the war, slate 
from Buckingham county, Virginia, was used in many buildings of the city. At the present time the roofing slates 
used come from Piscataquis county, Maine, and from Vermont, Pennsylvania, New York, and Wales. The green, 
red, and purple slates of western Vermont, and New York state, etc., are extensively used. We may mention the 
following examples: Trinity church (in part), Clarendon Baptist church, and Saint Mary’s cathedral: from 
Brownville, Maine; new Latin school: from Monson, Maine; cathedral of the Holy Cross, Park Street church, and 
Bowdoin Square church: Welsh-Penrhyn; navy-yard buildings: Maine and Welsh; Lowell Railroad station and 
city hall, Charlestown: Pennsylvania slate; post-office, and Eastern Railroad station: Vermont slate; Baptist 
church in Cambridge: Virginia slate. 

The use of slate by marbleizing for mantels, chimney-pieces, tables, ete., began about thirty years ago; and it 
is used for tiling, slabs, etc., as elsewhere in the country. 

Ornamental marbles were in use at least thirty-five years ago in Boston; the “ black and gold”, Bardillo, and 
Italian dove were most used then, and the others gradually came in—the German marbles last. The use of the 
blue marbles of Dover, Pittsford, and Rutland in the exterior trimmings has been mentioned; some of the other 
veined marbles have been slightly used (Sears building), and the Winooski Vermont marble in columns (Masonic 
temple), and black marble (Parker house). In the interiors of buildings the ornamental marbles have been 
frequently used, and in great variety, e. g., the Art Museum, New York Mutual, Herald, Marlborough, and many 
other buildings; and of course considerably for mantel-pieces, soda fountains, etc. The following have perhaps 
been most used in the city: 

Yellow Sienna: Italy ; Saint Baume, Jaune Fleuri, and Lumachelle, France. 

Black: from Glens Falls, New York, and elsewhere. 

Red: Lisbon, Portugal; Victoria or Irish red; Griotte, France and Spain; Echaillon, France; Formosa and 
Bougard, Germany ; Brocatello, Italy; East Mennesses red, brown, chocolate, and pink; rouge and armen France; 
Larancolin, France; red and pink, etc., from lake Ghathplath, 

Green : Givers: Alps, Gannaanat and the Marie, New York, marble (columns in entrance to Art Museum). 
The red slate is used with the colored marbles. 

Blue: Dover, Rutland, and Pittsford. In tilings, slate, red slate, Italian and Vermont white marbles, Lake 
Champlain black marble, and the Swanton red marble are largely used. 

The monuments and statuary distributed through the parks and squares of the city have necessitated a 
considerable employment of stone. The Hamilton statue on Commonwealth avenue, of gray granite, is said to have 
been the first in the country made of granite (1865). 

The soldiers’ and sailors’ monument, on the common, and that of Charlestown, are of granite from Hallowell, 
Maine. The Dorchester soldiers’ monument, on Meeting-House hill, is of Gloucester red granite. 

The Ether Monument group of statuary in the public garden is of Concord granite, as ‘is also the Good 
Samaritan group of statuary; the figures on Horticultural hall are of Fitzwilliam, New Hampshire, granite; the 
pedestal of the Franklin monument, city hall, and the Warren statue, Bunker hill, are of Roxbury, Vermont, 
serpentine; the polished bases of the Winthrop and Prescott statues are of Jonesboro’, Maine, red granite; also 
that of the Emancipation group. Quincy granite is used for the Adams, Washington, and many other bases; the 
soldiers’ monument in Jamaica Plain is of Clark’s Island, Maine, granite, with Quincy base; and the statue of 
Josiah Quincy, city hall, has a green verd-antique base. 

One of the earliest applications of stone was in the city cemeteries. The principal old burying-grounds, those 
of King’s chapel, Copp’s hill, the Granary, Charlestown, and Roxbury, are much alike in the kinds of stone used. 
Some of the oldest tombstones are of porphyritic greenstone taken, presumably, from bowlders. The Welsh slate 
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was extensively used (often to be told by lines of color crossing the slabs) with American slate, foreign and American 
marble, and sandstone. In the King’s Chapel ground may be noted the apparently early use of marble: a small 
tomb of shell marble reads 1702; the Winthrop tomb is supported by four marble columns. The Granary burying- 
ground is much similar; red, green, and blue slate tombs have been used principally. The Franklin monument is of 
Quincy granite. At the large cemetery of Copp’s hill we find much the same stones—red and greenish, Welsh, 
bluish American marble, yellow and red sandstone, and Vermont slate. In the Charlestown cemetery the John 
Harvard monument is of Quincy granite (1828). 

The weathering of the stone in these old places is noteworthy. The Welsh slates, some of which have stood 
two hundred years, are often almost unaltered, looking very fresh; the greenstone tombs have also stood the 
weather well. In a slate slab at Copp’s hill, having alternations of sandy layers parallel to the surface of the slab, 
one of these sandy layers has been eaten out, leaving the unsupported thin layer of slate to cave in; the slates are 
occasionally cleaned by the weather. The red and yellow sandstones, when standing upright,-have almost always 
crumbled or scaled off, and the marbles have suffered. One case of this is a vertical slab at Copp’s hill, about forty 
years old, of a coarse marble; below the ground it retains largely its original smoothness, but above the ground, on 
the northeast exposure, the action of the rain and atmosphere has dissolved out the cement of the grains of the 
marble, leaving the isolated grains sticking out like sandpaper; on the sheltered side there is a marked difference. 
Another large imported marble monument, some seventy years old, has weathered so that the shells embedded in 
the marble stand out in relief, and the stone is also covered with fine cracks, which, widening and admitting the 
black soot from the air, give it a peculiar appearance. 

In the recent cemeteries of the city there has been an immense consumption of stone for monuments and 
curbing. 

In Mount Auburn, in Cambridge, marble has been most used for monuments, and there are many fine pieces of 
statuary made from it; the Italian marble for the finer pieces, Vermont marble somewhat, and the pink Tennessee 
marble. Since the introduction of granite-polishing at our quarries there has been a great increase in the 
proportion of granite monuments. Quincy granite has been used since the opening of the cemetery, and there are 
many polished monuments of this stone. The light Mason, New Hampshire, granite is abundantly used here in 
polished monuments and curbing; also the Rockport granite and that of Concord. There are some fine monuments 
and tombs of Hallowell granite (the Sphinx and the Charlotte Cushman monument). Westerly granite has been 
somewhat used. Polished red-granite monuments are plentiful—Scotch, New Brunswick, and Maine. The Shap 
granite is used in a few cases; also some other granites. There are several tombs and monuments of the Somerville 
diabase, and a recently-polished one of diabase from Maine (Addison Point?). Both yellow and red sandstones 
have been used. The Winter monument consists of a large shaft of soap-stone coming, I believe, from a quarry in 
the east part of Andover forty years ago. 

The weather shows its effects at Mount Auburn as elsewhere. Some of the old marble tombs have the 
roughened surface (by solution of the lime) previously mentioned ; others, however, have stood as long without 
the same evidence of changes, especially the fine-grained marbles. In one tomb of a medium coarse white marble, 
in a course at the top part of the structure, the marble has disintegrated as follows: On the corner pieces and 
sides the marble cracks almost imperceptibly ; along these cracks the cement of the grains (or some of the grains) 
is slowly dissolved out, leaving the coarse grains, and these finally crumble off in powder. As this continues, 
whole lumps are loosened and fall off, breaking into powder; in this way one of the corners has entirely crumbled 
to loose grains which may be taken up by the handful. The tombs made of the different granites have been 
slightly affected by the weather, consisting in a change of color; this is most marked in the Quincy; the light 
granites occasionally show a rusting of the feldspar. The diabase tombs have turned a rusty brown, the change 
apparently occurring in the black minerals (augite, mica, etc.), while the feldspar whitens. It is very noticeable 
here that grains of pyrite in the stone are generally bright, without patches of rust about them; one large shaft 
of the stone, finely bushed, has been little affected by the weather. Many of the red-sandstone tombs have 
exfoliated considerably ; there is one curious case of a large tomb of this stone in which ivy had been trained up 
the face of the stone, but the continual peeling off of the layers afforded the tendrils no support. 

Forest Hills cemetery—The marbles are generally white Italian, bases often of Vermont marble. There are 
some very large tombs of marble; in one of them the Tuckahoe, New York, marble is used. There are a number of 
very beautiful monuments of the polished white Westerly, Rhode Island, granite; many of Concord, Quincy, and 
Rockport granite. The Randolph, Massachusetts, granite, with greenish spots, has been used in several polished 
monuments, and a gneissoid granite also. There are many fine examples of red granites—Scotch, Saint George, and 
Maine. <A black granite (diabase) from Addison Point, Maine, has been recently used in a polished monument. 
The brownish-red Quincy is used in some beautiful shafts; also Shap granite; occasionally red and yellow 
sandstones; Rockport, Concord, Quincy, and other granites for curbing. 

In Mount Hope cemetery there has been nearly a similar use of stone. The Odd Fellows’ monument, with large 
darved granite figures, is of Hallowell granite with two courses of polished red granite; on the posts in front are 
two polished spheres of Quincy. The Army and Navy monument is a large structure of Concord granite; marble is 
used extensively as before—Quincy, Rockport, Concord, Mason, New Hampshire, Westerly, Randolph, etc. There are 


STONE CONSTRUCTION IN CITIES. 291 


several monuments of Aberdeen granite, New Brunswick red, ete. The Vinal Haven, Maine, reddish granite has 
been used in polished work, and Hallowell granite also. For curbing, Quincy, Rockport, Hallowell, Chelmsford, 
Milton, and Randolph granites. The red Tennessee marble in a few monuments. 

At Woodlawn cemetery, in Everett, besides Italian, Vermont, and Tennessee marbles, Quincy, Hallowell, and 
others are used. There is considerable use of Vinal Haven granite; in one tomb there is the combination of 
Vinal Haven red, Spruce Head white, and black granite (diabase), all from Maine. Shap granite and the red 
granites are frequent. There is a shaft of dark soap-stone, probably from Andover. 

“ WEATHERING OF STONES.—The climate of Boston must be one of the most trying ones in the country for 
building stones, as far as natural atmospheric causes are concerned; for in the winters there is a more or less 
frequent alternation of damp, rainy, and warm days with those of intense cold, while the rain-storms are violent ; 
yet the deleterious effects of smoke and other products of certain manufactories are largely wanting; the changes 
iu the stone are hence due to the character of the stone itself, and to the defects in it; at the same time most of the 
stone buildings have not stood long enough to develop a marked change in the stone. 

The eraultes have generally been affected by chemical change alone in some of the constituent minerals, as is 
evidenced by a change of color—an effect of a higher degree of oxidation of the iron; but they have generally not 
crumbled. The Quincy granite, since it is found in the buildings that have stood longest, and since it contains a 
dark feldspar, shows often the signs of change. The stone is of many shades: blue, greenish-blue, pink, reddish, , 
brown-gray, and grayish-black, these being the colors of the feldspar, the mineral in which is found the change, if 
there be any. This turns liver-brown, rusted-red, yellow or white; often the whitening of the feldspar, with the 
white look of the quartz, causes the bush-surface to appear almost white. The hornblende seems less frequently 
affected, turning green and rusty brown. Some of the Quincy stone has stood for years without any very noticeable 
change of color. Perhaps the Boston custom-house shows best in one building the differences in the weathering, 
the color remaining unchanged in some cases, in others having become a deep brown, differing in the separate blocks, 
and even in different ends of the same block. 

The light granites (Hallowell, Concord, etc.) have naturally not changed much in color, nor have the buildings 
been standing long. The principal change observed seems to consist in a dull whitening of the feldspar, and an 
occasional rusting of that mineral to a yellowcolor. The white granite from the vicinity of Chelmsford, which was 
used so extensively in Boston fifty to sixty years ago, shows almost universally in the old buildings a change in 
the feldspar to a’honey-yellow; this is perhaps in part due to the fact that almost all this granite was then quarried 
from loose bowlders, and of inferior quality to that obtained from ledges. This can be seen in the Massachusetts 
general hospital, the central part of which—erected in 181821, of stone derived presumably from bowlders—shows 
the yellow weathering, while the wings, of stone quarried in 1846, are almost unchanged (the garnets scattered 
through some of the old stone have not changed); part of this difference may be due to the differencé in the 
date of erection. 

A red granite from Gloucester has not rusted and faded, but it has been but little used in the city. 

The marble buildings have not been standing long and do not generally show a perceptible change, except in 
the blackening and roughness of the surface. The veined ornamental marbles when exposed out of doors have 
generally suffered by the removal of the softer parts of the veins. This is notably shown in the pedestals, of veined 
serpentine marble, of the two statues in front of the city hall—one erected only four the other some twenty-five 
years ago. The calcite veins in the serpentine have become roughened by the weather, and cracks, which widen 
so that pieces fall out, often form along them; this is much more marked on the flat surfaces. The green 
Roxbury, Vermont, serpentine, in consideration of its twenty-five years’ exposure, has stood the weather well. The 
green serpentine used in one building has crumbled on the surface like sand. 

The red and yellow sandstones used so extensively in the city vary in character so greatly, even in the same 
building, that it is difficult to make general statements. Many years back a great amount of red sandstone from 
the Connecticut valley and elsewhere was brought to Boston, and can now be seen in many of the older brick 
houses ; it was generally coarsely stratified, and, moreover, was laid up with the stratification or layers perpendicular 
instead of horizontal, the consequence of which has been a frequent cracking, opening, and falling off of pieces. 
Where sandstone pillars were thus made, it can often be seen how the split began at the bottom, where the free 
edges of the layers were exposed and worked up. The introduction of better and more homogeneous stone from 
the quarries of the valley, from New Jersey, and from the provinces, and greater care by the builder, have largely 
done away with this; yet still cases of scaling off are seen. The other change in the red sandstones has been in 
the depth of the red color. 

The yellow sandstones of different shades from New Brunswick, Nova Scotia, and northern Ohio have been 
very variable in their character, the same quarries furnishing apparently both good and bad stones. None but 
homogeneous sandstones of this class have been in general use, and there have been two main changes by 
weathering, exfoliation, and falling off of pieces, owing to incoherency of the particles, giving the stone a rough 
wppearance; and also rusting of the iron in the stone. The latter has been most noticeable, and occurs either by a 
uniform change of color in the whole block of stone or only in patches; or else there are parallel layers in the 
stone, some of which rust while others do not; and consequently when the face of the stone is cut across these 
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layers we have rusty bands crossing it at intervals. This can be seen very markedly in some of the buildings of 
the city, and poor selection of the stone must be partly the cause. In many buildings, however, the yellow sandstone 
has stood unchanged; a good example of this is the Washington building, of Nova Scotia stone, erected over 
twenty years ago. 

Occasional changes of color in slated roofs are observable in the city, especially in the green slate, which often | 
changes to a yellowish-red. ‘The black slates have rusted, especially in buildings where cheap slate has been used, 
and the purple slate changed to reddish; but these seem rare. The Bolton mica-schist, having hard quartziferous 
tongues in the softer rock, has worn down by the passing feet, leaving these tongues in relief in peculiar shapes. | 

Movements of the ground have occasionally occurred, especially in the older streets, cracking the sills, and in 
some cases two motions in opposite directions appear to have affected one block of stone, cracking it twice. 


BRIDGEPORT, CONNECTICUT. 


Portland brownstone is the material usually employed in Bridgeport for the better class of stone construction. 
Gneiss from Greenwich, and granite to a limited extent, are used for the same purposes. The foundations and 
underpinnings are of gneiss from the local quarries. A long line of wooden wharves along the water-front is 
backed with stone walls of very rough masonry built of the gneiss from local quarries. The west approach to the 
Central bridge across the harbor is faced with cut stone with a dressed granite coping. The intermediate piers and 
draw-pier are built of the same material. The approach is 300 feet long and 41 feet wide. The railroad draw-pier 
and east abutment are built of Greenwich stone. Bridgeport harbor and Black Rock harbor, both within the city 
limits, have each an extensive breakwater, the first of stone quarried a little north of Lyme on the Connecticut river, 
a quarry not now operated. There is a substantial wall, over half a mile in length, of stone from local quarries. 
The streets are but little paved with stone; the material used is trap-rock from New Haven. Many of the sidewalks 
are paved with North River blue-stone, and the curbs are of the same material, with some gneiss. 


BURLINGTON, IOWA. 


Most of the limestone quarried in Burlington disintegrates and exfoliates on protracted exposure to the weather 
and to the action of frost. It appears, however, to be tolerably durable when protected as in underground work. 
This imperfection of the stone, the cost of transporting better building stone, and the cheapness of lumber and 
brick—the city having access to extensive lumber regions on the Mississippi river, which is the natural route of 
communication with the northern pineries—have very much restricted the use of stone. The banks of the 
Mississippi in this region are covered with loess or rearranged drift material suitable for the manufacture of 
brick. “This has also had its effect in preventing the use of stone as a building material. There are no natural 
obstacles to the use of heavy building materials. The substratum which is found at a limited depth being formed 
more or less with compact limestones, the glacial drift and calcareous clays forming the superficial soil are 
themselves so compact and firm as to largely obviate the necessity of paving the streets. The city sewers are the 
most important works in which stone is employed. They are mainly constructed of limestone quarried within the 
city limits, either by quarrymen in temporary quarries, or by contractors in grading streets. There are some 
sidewalk pavements of limestone flagging from Sagetown, Illinois, and Mount Pleasant, Iowa. 


CAMBRIDGE, MASSACHUSETTS. 


The materials employed for the better class of construction in Cambridge are Quincy, Rockport, and Concord 
granites, Somerville diabase or trap, Somerville slate, and Roxbury conglomerate. The foundations are of slate 
from the Somerville quarry, and diabase from the same place, with some granite from Rockport and Quincy. 
The underpinnings are built of granite from Rockport, Concord, and Spruce Head, in Maine. The soldiers’ 
monument on the common is built of Mason, New Hampshire, granite. For posts, the Somerville diabase, and 
Rockport, Quincy, and Concord granites have been extensively used. In the sewers the Somerville slate has been 
employed for the sides, and slate and granite for the top. For the stones at the entrance to the catch-basin 
Rockport granite and North River blue-stone have been used. ‘There are no stone bridges of large size. In the sea- 
walls about East Cambridge the Somerville diabase has been largely used. There are about a hundred miles of 
graded streets in this city, and about 2 miles are paved with granite chiefly from Quincy ; three-quarters of a mile is 
paved with cobble-stones. A few of the sidewalks are paved with the North River blue-stone; the curbs are of 
Rockport granite with a very little blue-stone. 


CAMDEN, NEW JERSEY. 


The materials used for stone construction in Camden are, for foundations and underpinnings, gneiss from the 
quarries near Chester, Pennsylvania, and sandstone from Greensburg, New Jersey. For the better class of stone 
construction serpentine from Delaware county, Pennsylvania, Vermont marble, Trenton freestone, Connecticut 
brownstone, and Ohio sandstone are used. Philadelphia pressed bricks are the material chiefly used in the walls 
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of buildings. The Ohio sandstone, used to a limited extent, is well esteemed here. Berea, Ohio, stone was used in 
the construction of the court-house. The serpentine tends to.crumble and split in winter, and breaks under heavy 
pressure. The streets are largely paved with stone, and in the portions which are paved with rectangular blocks 
Connecticut stone is used. Much'of the pavement is cobble-stone from the Delaware river above Trenton, but 
there is but little stone sidewalk pavement, brick being the material mostly used for sidewalks. Slate from Lehigh 
county, Pennsylvania, is used to some extent tor this purpose, and also trap-rock quarried near Lambertville; the 
curbs are of Connecticut granite. 


CANTON, OHIO. 


Canton is situated but a few miles from the important and extensive stone quarries located on the Massillon 
sandstone at Massillon. It is almost the only material used in stone construction in this city. In a few instances, 
where very fine carving and finishing were desired, Berea and Amherst sandstones were used, as the Massillon 
stone is too coarse-grained to answer well for these purposes. There are but four or five buildings in Canton 
entirely of stone; a few have fronts of stone as high as the second story, and quite a number have much stone in 
their composition in the way of corners and heavy caps and sills. The stone sidewalk pavement is almost entirely 
of Berea sandstone. The Massillon sandstone is not often found in layers of convenient dimensions for paving 
flags. The streets are largely paved with stone, cobble-stones from the drift near the city being used. 


CEDAR RAPIDS, IOWA. 


The stone from the local quarries is practically worthless for purposes of construction, and the freight is such 
on the Anamosa limestone as to render it too costly to compete with brick and timber. Much of the Anamosa 
material is objectionable on account of lack of strength and durability. The Farley stone is better, being more 
uniformly good, but the cost of shipment prevents its extensive use. Some stone has been moved from near Mount 
Vernon to Cedar Rapids within the last year or two. In some cases builders have placed Anamosa limestone on 
edge in caps, sills, corners, etc., of brick buildings with the result, which might have been foreseen, of causing its 
gradual exfoliation and separation into extremely thin laminz. Much of the stone is indeed unfit for curbstones on 
account of its tendency to exfoliate on exposure. The piers of one or two bridges across the Cedar river are of 
limestone from Anamosa. Magnesian limestone of Niagara age, quarried at Stone City, Jones county, Iowa, was 
used in the construction of the Carpenter block, Third Ward school-house, city jail, and post-office. There are no 
other important stone structures. Caps, sills, water-tables, etc., are of Anamosa limestone; the bases for monuments, 
and a few curbstones, are from Farley, although the Anamosa limestone is also used to some extent for these 
purposes. The streets are not paved; there are a few blocks having stone sidewalk pavements of Anamosa 

limestone; curbs are of Anamosa and Farley limestones. 


CHATTANOOGA, TENNESSEE. 


In the city of Chattanooga stone is just coming to be used to a considerable extent for purposes of construction. 
In the valley where the city is located there are two formations of Lower Silurian age, the Nashville and Trenton, 
and the Knox or Quebec dolomite. The latter has been used to some extent, but is rather cherty, though some of 
its courses approach marble in quality. The stone chiefly used is that classed by Professor Safford as the Maclure 
limestone, from its large fossil, Macluria magna. ‘There are several quarries of this stone in the vicinity of the city. 
The old quarry near the Chickamauga station, of what was called by the soldiers Chattanooga marble, is in Georgia, 
and is objectionable on account of having seams in it which cause it to disintegrate by the action of frost. 

The pillars of the Union depot are built of this stone, but in additions which were made to the building the 
material was rejected and that from a local quarry was used. The growth of Chattanooga has been very rapid, and 
brick has been chiefly employed for fronts, but stone is growing daily more and more important as a material for 
construction. The pillars and ornamental parts of the court-house are of Knoxville marble, the basement of local 
stone. The only private residence entirely of stone is of a common limestone from local quarries. This stone is 
largely used for steps, caps, sills, and other trimmings; it is also much used for foundations. The front of the old 
post-office, now occupied by the offices of the Cincinnati Southern Railroad Company, is of a yellow sandstone from 
the line of the Alabama Southern railway. It is soft when first quarried, and easily wrought, but becomes hard on 
exposure and resists the action of the weather quite well. It is easy to get good foundations in Chattanooga, as 
limestone usually lies near the surface. There are, however, marshy places that have been filled in, but a few feet 
of digging reaches the stone. Rolling-mills and blast-furnaces all have solid foundations of stone. The front of 
the First National bank is built from stone from a local quarry. The quarries from which material for foundations 
and underpinnings are obtained are situated from 2 to 8 miles from the city. The’ streets are macadamized with 
this same material, and there is some stone sidewalk pavement of limestone from local quarries, with curbs of the 
same material. Piers of all the bridges in the vicinity are constructed of this limestone. 
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CHELSEA, MASSACHUSETTS. 


There are only two buildings in Chelsea entirely of stone (the material used is what is called “ mortar-stone”),. 
and two have stone fronts. Those entirely of stone are built of a calcareous rock found in the vicinity. There are 
two fronts of Cape Ann granite. The foundations and underpinnings are of Cape Ann and Quincy granite. But 
few of the streets are paved with stone, and the material used is Cape Ann and Quincy granite. The sidewalks 
are not paved -with stone; curbs are of Cape Ann granite. 


CHESTER, PENNSYLVANIA. 


The only stone exposed in the vicinity of Chester is the gneiss, on which there are several quarries of considerable 
importance; these quarries furnish almost all the stone for building purposes in the city. In the bridge abutments, 
however, some Port Deposit gneiss is used in combination with the gneiss quarried in the vicinity. The streets are 
paved with stone to a limited extent, the material used being cobbles from the Delaware river and rubble from the 
gneiss quarries in the vicinity. Stone is but little used for sidewalk pavements, brick being ordinarily employed 
for this purpose. In such sidewalks as are paved with stone the North River blue-stone is used. 


CHICAGO, ILLINOIS. 
Py J. 8. F. BaTcHEen. 
LIMESTONE. 


The principal stone used in construction in Chicago is the Niagara limestone. The city is supplied with this 
stone from the various quarries located around Lemont, Cook county. It is brought to the city by means of canal- 
beats and is unloaded at the docks of the various quarry companies by means of horse. or steam-power derricks. 
It is also brought from Bedford, Indiana. 

The material is used as building, dimension, and rubble stone. The first is used in buildings as cut stone, and 
is of the best quality. The dimension stone is of an inferior quality, yellowish, and generally harder than that 
used for building purposes, and is used for vault covers, flagging, curbing, and sawed window-sills; roof-coping 
is made from a variety of this stone varying from 14 to 3 inches in thickness. This quality of stone frequently 
contains nodules or layers of flint, which occasion some trouble in working; in other places it assumes a siliceous, 
even flinty, character. This and its yellowish color do not, however, lessen its value for the above-named purposes. 

The stone used for rubble is generally of the second class, although frequently first-class stone too small for 
building purposes is used. This quality is the only stone used in the city for foundations. The stone when sold to 
contractors is in large blocks or slabs; these are broken into suitable pieces for cutting by means of hand-churn 
drills, with which holes 3 or 4 inches in depth and from 4 to 5 inches apart are made in the stone, and the separation 
is made by use of wedges and feathefs. Frequently the stone is stunned here and there by the pressure of the 
shoulder of the steel wedges. This part, although generally seeming as perfect as the rest of the stone, under 
atmospheric influences frequently scales or drops off and is condemned, when it is really the fault of the handling. 

The Lemont limestone is known to some architects as Joliet limestone, but with no valid reason, as, 
although there are a number of limestone quarries at Joliet, the stone which supplies Chicago is from Lemont, Cook 
county, excepting occasionally when cut-stone contracts are let to the state penitentiary, when the stone used 
there comes from that locality. In letting contracts the stone of any particular quarry is seldom specified, but is 
referred to as the best quality of Joliet or Lemont limestone; the stone from the different quarries differs very 
slightly, if at all, that from several of the quarries having a yellowish color. The stone used in the construction of 
the county part of the court-house is from the lighter-colored stone. 

The limestones of Cook county harden upon exposure to the atmosphere for any length of time, and are easiest 
worked when newly quarried. The stone also becomes slightly yellowish with age, the softer varieties being always 
the whitest, while those which have a tendency to hardness have generally a slight yellowish or cream color. Any 
stones which are very hard to work are made much softer by soaking them in water for some time, or even by 
throwing water on the stone. The Lemont quarries furnished the first stone used in construction in this city, 
and for the length of time it has been in use seems to stand atmospheric influences and sudden changes of 
temperature very well, although the stone of some buildings has a tendency to scale off here and there, more 
especially the stone cut entirely by hand in structures which have been built for some length of time, which 
may probably be accounted for on the following hypothesis, viz: the stone when given to the workmen to 
dress, after being drafted is pointed, then axed, and then bush-hammered, the two latter tools weighing from 
8 to 12 pounds, and when used “probably striking a blow of from 150 to 200 pounds at least, so that the part on 
which these tools have been used, although seemingly as perfect as the rest of the stone, is probably stunned to 
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* the depth of from one-sixteenth to one-eighth of an inch, and even as deep as one-quarter of an inch, which only 
requires time and atmospheric influences to cause it to scale or drop off, showing a.ragged surface; this theory has 
been strengthened by the fact that stones in which the face has been sawed by machinery never show the slightest 
tendency to scale, while those dressed with tooth-ax and bush-hammered generally scale off, though sometimes very 
slightly. There are in this city about 40 cut-stone yards, of whom about one-half use machinery, as saws and 
rubbing-beds. 

This limestone is never polished. The slightly-yellowish color which the stone takes after years of exposure, 
and which the poorer varieties, those which are used for vault covers, flagging, and window-sills, have when quarried, 
are probably caused by sulphide of iron, this brilliant mineral being frequently found in the natural seams and 
crevices, and between the different strata of stone; light greenish veins are frequently noticed in the stone similar 
to the veins in white marble. 

Quarries of this stone (Lemont limestone) at Bridgeport and along the western city limits produce large 
quantities of excellent quicklime. 

In laying the water and sewer pipes in this part of the city the rock has frequently to be blasted to enable the 
pipes to be laid to a sufficient depth to protect them from the frost. About two-thirds of the stone used for sidewalks 
is dressed by means of steam-planers. A large amount of other stone-cutting, such as moldings on cornices, etc., is 
done by means of machinery. 

OOLITIC LIMESTONE.—Blue oolitic limestone from Bedford, and a buff-colored oolitic limestone from Avoca, 
Lawrence county, Indiana, have been used somewhat in the city within the last few years. When stone was 
selected for the construction of the city part of the new court-honse, the choice was finally awarded to this stone, 
and its being used in the city hall immediately led to its use in a number of other buildings in the city. The buff 
oolitic limestone from Avoca is not used so frequently as the blue oolitic from Bedford, in the same county, but 
this may be accounted for by the fact that the latter was used in the construction of the new city hall. When first 
built the structures in which either of these two stones (blue or buff oolitic limestone) were used looked very well, 
but in a short time they became dark and dirty looking, more especially the buildings in the business or commercial 
part of the city. 

SANDSTONE.—The sandstone known by the general name of Waverly sandstone or Ohio freestone is brought 
to the city from the various quarries at Berea, Columbia, Berlin, Amherst, Waverly, and other places in the state of 
Ohio, andeis used in some of the largest structures in the city. That from Berea and Amherst, of a bluish-gray 
color, is very largely used in the mills and factories of the city for grindstones. What is known as blue Columbia 
sandstone, from Columbia, Ohio, although furnishing one of the finest building stones used in the city, is remarkable 
for the rapidity with which it will become stained with rust (ferric oxide). In sawing the stone into slabs the greatest 
care is necessary; the sawing of the blocks is generally begun early in the day, so that they can be sawed entirely 
through without stopping; when taken from under the saw-blades the cut which the saws have made is well 
washed with clean water. When the stone was first used in the city, or when sawed by parties unacquainted 
with this peculiarity, the saws were often allowed to remain at rest between the slabs over night; when the slabs 
were removed and opened up, a stain of iron rust the full length and breadth of the saw blade, and which 
penetrated the stone from one-third to one-half of an inch, was found, which could only be removed by cutting out 
the part stained. The laying of a wet chisel or any piece of wet iron on the stone for a few hours is sufficient to 
cause a similar stain. 

Sandstone from Buena Vista, Ohio, has been used in the construction of the Chicago custom-house, and for a 
number of other buildings in the city. In the custom-house the stone contains large numbers of spots of iron 
pyrites, resembling those found in Aux Sable stone. They are removed by cutting out the spot with a chisel and 
then filling the cavity with a mixture of stone dust and liquid shellac, which very soon falls or crumbles out, 
leaving the original cavity. The stone also stands exposure very poorly, splitting or falling off in large scales 
or flakes and crumbling away until the original sharp outline is completely lost; the scales which fall off have the 
peculiarity of being exactly the same on the upper and lower sides; and should the stone be what is known as 
droved, the scale follows exactly the depressions which the chisel has made. Several attempts have been made to 
coat or paint the stone with some composition which would protect it from the air, but have not been very successful. 

Sandstone from Aux Sable, Grundy county, Illinois, is used somewhat for building purposes. It is of a light 
grayish-white color, and is very easily dressed—in fact the easiest of any used in the city. It contains large 
quantities of small scales of mica. The stone contains sometimes iron pyrites; the iron under atmospheric influences, 
and especially when wet, causes the stone to stain with iron rust wherever the pyrites appear; if the stone is 
protected from the action of water and air no rust stain appears. 

A number of buildings have been constructed in which this stone is used, together with Lemont limestone, as, 
for instance, caps of limestone and the keystone of Aux Sable sandstone. The contrast afforded by the two stones 
has a very pleasing effect. Aux Sable stone, when crushed to a fine powder and mixed to a thick dough with 
water, forms a very good fire-brick lining for furnaces, ete. . 

Brown or mottled sandstones, from Lake Superior, Michigan, were introduced about 1870. The stone is generally 
of a rich, deep, reddish-brown color, and may be favorably compared with the brown freestones of Connecticut and 
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New Jersey. There are, however, some exceptions, the stone of some quarries being very coarse and gritty, and 
sometimes containing flinty pebbles varying in weight from a few grains to two or three ounces; these are generally 
very loose, and when struck by the chisel in cutting the stone fly out, leaving a cavity which has to be filled with 
a mixture of brownstone dust and liquid shellac. The variety containing these pebbles also contains numbers of 
cavities or pockets filled with clay, iron ore, or a reddish clay, which with water forms a reddish mud. These 
defects are only found in stone from particular quarries, and can be altogether avoided. The quarries which 
principally supply the city are those at Marquette and at L’Anse, Michigan; the stone since its introduction has 
been very generally used and is well liked. A peculiarity of Michigan brown sandstone is the fact that the stone 
from almost every quarry is spotted here and there with white spots (generally round), varying in size from the 
size of a small pea to 12 or 18 inches in diameter, though the latter are not very frequent. Various means have 
been tried to color the spots the same as the rest of the stone, but without success, as whatever is used is soon 
washed out when exposed to the weather. These spots appear to be of exactly the same composition as the rest of 
the stone, with the exception that they are uncolored and appear as if they had been touched by a drop or globule 
of some oil which had prevented the adhering of the coloring matter which had colored the rest of the stone; in 
this they resemble that which takes place in obtaining oleographs of the different oils, as in Tomlinson’s cohesion 
figures. 

Within the last two or three years stones as regularly spotted as possible to obtain have been used as a building 
stone, which gives the building a mottled red and white appearance, which looks very well. The spots seem to stand 
as well as the colored parts of the stone. 

Brown sandstones from Portland and Middlesex, Connecticut, and from New Jersey, are used in a number of 
instances but not in large quantities. Those of Michigan are much more used. The cost of working all the 
sandstones used in Chicago during frost is double what it cost to dress the same stone during warm weather—as 
the stone which, during warm weather, is a freestone and very easily dressed, under the influence of frost becomes 
hard, dense, and tough, becoming like lead. Should the weather be very cold the cutting of the stone is entirely 
discontinued. No matter how dry it may be the advent of frost causes it to become harder and tougher in working. 
The frost does not appear to have any permanent effect, as on the return of warm weather it again resumes its 
normal appearance. Machinery is not used at all in the dressing of sandstone excepting to saw it into 4-, 6-, or 8-inch 
slabs. 

GRANITES.—Granites are pretty generally used for ornamental purposes, as for columns, pilasters, mohuments, 
and in one or two instances for sidewalks; but there is only one building constructed entirely of granite in the city— 
that of the Chamber of Commerce—and one other constructed with granite front. Those principally used are blue or 
grayish granite from Aberdeen, and a reddish granite,or syenite from Peterhead, Aberdeenshire, Scotland; granites 
largely used for monuments and columns and caps from the Chicago and Wisconsin Granite Company, Waterloo, 
Jefferson county, Wisconsin; the Westerly Granite Company, Westerly, Rhode Island; from the quarries at Fox 
island and Hallowell, Maine, and from Henrico county, Virginia, and Moundville, Marquette county, Wisconsin. 
None of these granites are used in any large quantity, but only here and there, excepting those of Fox island and 
Hallowell, Maine, which are used in the Court-house and the Chamber of Commerce buildings. 

MARBLES.—The marbles of Rutland, Vermont, are largely used in interior work, as mantels, tiles, etc., together. 
with red marbles from Tennessee, Mexican onyx, Belgium black from Brussels, and several marbles from Italy. 

All the prominent buildings of Chicago have been erected since the fire of October’9, 1871, and are therefore 
comparatively new. 

In using the stone from the Lemont, Cook county, quarries it is brought to the city during the summer in large 
quantities, so as to be seasoned before the approach of frost. Thousands of dollars’ worth of this stone are lost 
annually to contractors who have purchased stone which has been quarried too late (or what is known to the trade 
as greenstone), and which a sudden sharp frost causes to crack and burst in every direction, and making it 
worthless for any purpose. When the stone is once seasoned no amount of cold has any effect on it. In some 
instances if the stone is not disturbed till warm weather the cracks appear to close up. 

STONE-WORK OF SOME OF THE PROMINENT PUBLIC AND PRIVATE BUILDINGS.—The court-house consists, of 
two parts, the county part and the city part. The county part is chiefly constructed of Lemont limestone. The 
columns and other granite work are of Fox Island, Maine, granite. In the construction of the city part Bedford, 
Indiana, oolitic limestone was used; the foundations are of Lemont limestone; columns and other granite work 
of Fox Island, Maine, granite. The interior ornamental stone-work is chiefly of marble from Rutland, Vermont. 
Cook County hospital is constructed of Lemont limestone. The custom-house and post-oflice building is of Buena 
Vista freestone from the quarry located near the Ohio river, about 100 miles above Cincinnati; there were used 
467,445 cubic feet of rough Buena Vista stone; there were used in the pier foundations 48,731 cubic feet of Lemont 
limestone; foundations of Lemont limestone; the stone used for vault covers and sidewalks is Maine granite. 
John B. Sherman’s residence is of blue sub-Carboniferous sandstone from Columbia, Ohio; foundations of Lemont 
limestone, with polished columns of granite from Quincy, Massachusetts. The Chamber of Commerce building 
has a superstructure chiefly of granite; three fronts are of Fox Island, Maine, granite, and the rear wall is of 
Hallowell granite; foundations of Lemont limestone. The Palmer house is of Amherst, Ohio, sandstone; Lemont 
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limestone foundations. The Mackin hotel is of Amherst, Ohio, sandstone; foundations of Lemont limestone. The 
Grand Pacific hotel, on the block bounded by Clark, Jackson, Quincy, and La Salle streets, has three fronts 
of Amherst, Ohio, stone; foundations of Lemont limestone. The Sherman house, corner of Clark and Randolph 

streets, is of sandstone from Kankakee, Illinois, which is injuriously affected by reason of the iron pyrites in its 

composition ; foundations of Lemont limestone. The First National bank has marble counters and floor-tiling of 
red Tennessee and Rutland, Vermont, marble; in the superstructure blue oolitic limestone from Bedford and buff 
oolitic sandstone from Avoca, Indiana, were used; the foundations are of Lemont limestone; the granite work is 

of Jonesboro’, Maine, red granite. Saint Luke’s hospital: blue oolitic limestone from Bedford, Indiana; foundations 

of Lemont limestone. Saint Paul Universalist church: Lemont limestone. West Side water-works: cut stone is 

Bedford, Indiana, oolitic limestone; foundations of Lemont limestone. North Side water-works: rock-faced with 

Lemont limestone; foundations of same material. Academy of Music: Lemont limestone. Northwestern Railway 

depot: sandstone from a quarry belonging to this road on lake Huron was used; foundations of Lemont limestone, 

Haverly’s theater: Lemont limestone. Depot of Chicago, Rock Island, and Pacific, and Lake Shore and Michigan 

Southern railroads is rock-faced with Lemont limestone; foundations of same material. The Union League 

 elub-house: brown sandstone from Springfield, Massachusetts; the underpinnings are of the Bedford, Indiana, 

blue oolitic limestone; foundations of Lemont limestone. Central Music hall: Lemont limestone; foundations of 
same material; the interior ornamentation is of Rutland, Vermont, marble and Mexican onyx; the polished columns 

are of granite from Red Beach, Maine, and Quincy, Massachusetts. In the Stephen A. Douglas monument the 
foundation and tomb, the coping, sidewalk, and terrace wall are of Lemont limestone; the pedestals and other 

granite work of Fox Island, Maine, granite. The armory of First Regiment, I. N. G.: Lemont limestone. Office 
of the Chicago, Burlington, and Quincy Railroad Company, corner of Franklin and Adams streets: Bedford, 
Indiana, blue oolitic limestone; foundations of Lemont limestone; sidewalks of the latter material; white Italian. 
statuary marble, black marble from Brussels, Belgium, and red Tennessee marble were used. Calumet club-house: 

Bedford, Indiana, limestone; foundations, Lemont limestone. Chicago university: rock-faced with Lemont limestone}. 
foundations of the same material. A.G.Byram’s residence: Avoca, Indiana, oolitic limestone; foundations of Lemont 

limestone. M. L. Wilson’s residence: Lemont limestone; foundations of same material. Block of residences from» 

1200 to 1210 State street: Amherst, Ohio, sandstone; foundations of Lemont limestone. Store 302 west Madison 

street: Buena Vista, Ohio, freestone; foundations of Lemont limestone. Store on Wabash avenue, near Van Buren 

street: Lemont limestone. Residence, Adams and Lincoln streets: Lemont limestone. Residence corner of Rush 

and Illinois streets: Berlin, Ohio, sandstone; foundations of Lemont limestone. Wickerson residence: Amherst,. 
Ohio, sandstone; foundations of Lemont limestone. Residence, 549 and 551 west Van Buren street: Lemont limestone: 
and granite from Peterhead, Aberdeenshire, Scotland ; foundations of Lemont limestone. Residence, Adams street, 

near Lincoln street: Lemont limestone. Williams building, Wabash avenue and Monroe street, Amherst, Ohio, 

sandstone; foundations of Lemont limestone. Taylor building, 146 Monroestreet: Bedford, Indiana, oolitic limestone; 

foundations of Lemont limestone. Adams building, Adams street and Wabash avenue: Amherst, Ohio, sandstone 3. 

foundations of Lemont limestone. Residence of C. P. Libby: brown sandstone from Marquette, Michigan; foundations. 
of Lemont limestone. Residence of W. F. Storey, Chicago Times, in process of construction: blue marble, Pittsford, 

Vermont; foundations of Lemont limestone. Boise block, northeast corner of State and Madison streets: partly of 
Lake Superior brownstone and partly of stone from the bed of Oswego river, New York; the two kinds of brown. 

sandstone from these localities, so widely distant from each other, are so much alike that they are used together 

indiscriminately ; they are both of Potsdam age; foundations of Lemont limestone. 5B. P. Moulton’s residence, 
Nineteenth street and Prairie avenue: brown sandstone from Middlesex, Connecticut; foundations of Lemont 

limestone. Potter Palmer’s residence: ashlar of brownstone from Portland, Connecticut, and granite from Marquette 

county, Wisconsin; trimmings of Amherst, Ohio, sandstone; underpinnings of limestone from Trinity bay, Canada. 
foundations of Lemont limestone. Honoré block: Lemont limestone ; Howland block: Cleveland, Ohio, sandstone}. 
foundations of Lemont limestone. Merchants’ building, northwest corner of La Salle and Washington streets: 

Buena Vista, Ohio, stone; foundations of Lemont limestone. Dore block: Buena Vista, Ohio, sandstone; foundations. 
of Lemont limestone. Reid block: Lemont limestone. Union building, southwest corner of La Salle and Washington. 
streets: sandstone from Au Sable, Grundy county, Hlinois; foundations of Lemont limestone. Speed block, on 

Dearborn street, between Madison and Washington streets: Bedford, Indiana, oolitic limestone; foundations of 
Lemont limestone. Booksellers’ row: Lemont limestone. Montauk block: Bedford, Indiana, oolitic limestone ; 

foundations of Lemont limestone. Grannis block, Dearborn, between Washington and Madison streets: Bedford, 

Indiana, oolitic limestone; foundations of Lemont limestone; columns of gray granite from Quincy, Massachusetts, 

and red granite from Peterhead, Aberdeenshire, Scotland. Borden block, northwest corner of Dearborn and 

Randolph streets: Berlin, Ohio, sub-Carboniferous sandstone; foundations of Lemont limestone. Ryerson building, 

corner of Washington avenue and Adams street: Bedford, Indiana, oolitic limestone; foundations of Lemont 

limestone. Schufeldt residence, Dearborn street and Lincoln park: green serpentine from Chester county, 

Pennsylvania; foundations of Lemont limestone. This is the only building in Chicago constructed of Chester 

county, Pennsylvania, serpentine. 
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CINCINNATI, OHIO. 


Cincinnati is built on ground of the great limestone formation which takes its name from this city, and which 
is sufficiently durable for foundations when kept below the surface of the earth. In some places in the city the 
ground is unfavorable to heavy building, as the shales in the hill slopes give way under heavy pressure. Jor the 
better class of stone construction sandstone from Portsmouth and the Amherst and Berea quarries, and limestone 
from Dayton from different points in Indiana, and from the home quarries, and granite from Maine and from 
Missouri are used. For foundations and underpinnings, beside the limestone quarried in the vicinity, some 
limestone from Dayton and from points in Indiana, and freestone from the vicinity of Portsmouth, are used. The 
abutments of bridges over the Ohio river are built of limestone from the home quarries and from Dayton, from 
points in Indiana, and sandstone from the vicinity of Portsmouth. The streets are largely paved with cobble-stone, 
but many of the streets and roadways are macadamized with the native limestone. There is considerable stone 
sidewalk pavement, and the material used for this purpose is the freestone from the vicinity of Portsmouth; also, 
to a limited extent, limestone from the home quarries and from Dayton, and of late years the remarkably even- 
bedded limestone of the Helderberg formation from Greenfield, in Highland county, has been largely used. The 
following are some of the principal structures in Cincinnati, with the stones used in their construction: In the 
custom-house, limestone of Niagara age and granite from Missouri and from Vinal Haven, Knox county, Maine, 
were used; in Pike’s opera house, the Gibson house, and Shillito’s block, freestone from Scioto county was used ; 
in the Sinton building, Trust Company’s bank, and Johnson’s building, freestone from Rockville, Adams county, 
was used. 

CLEVELAND, OHIO. 


Cleveland is situated within easy reach of all the celebrated quarries of the Waverly sandstore in northern Ohio, 
and nearly all of its stone construction is of this material. The Amherst sandstone is used almost exclusively for the 
superstructure of stone buildings. The Euclid blue-stone has not been used in any important structures. In the 
construction of the city hall, sandstone from Independence, Cuyahoga county, was used; Beckman’s buildings, 
Exchange buildings, hotel Madison, Bronson’s block, and the court-house, are of Berea stone. The soldiers’ 
monument is of granite from Woodbury, Washington county, Vermont. The Amherst stone is deemed here the 
best for superstructures and trimmings of buildings; the Berea stone best for bridge-building purposes; the east 
Cleveland building stone best for foundations and underpinnings; the Euclid blue-stone best for sidewalk paving; 
the Medina sandstone, from Medina, New York, is used in a few structures; foundations and underpinnings are of 
local sandstones. The streets are largely paved with stone, and the material used for this purpose is the Medina 
sandstone. The sidewalks are nearly all paved with stone, and the material used is blue-stone from Euclid and 
Newburgh; also to some extent sandstone from Berea. The stone commonly used for curbstones is the Medina 
sandstone, while bridge piers and abutments are mostly built of Berea sandstone. The stone used in the construction 
of the Cleveland viaduct is from the Berea quarries. 


COLUMBUS, OHIO. 


Columbus is built mostly on ground made by the glacial drift, which covers a considerable portion of the 
surrounding country. The greater portion of the site of the city is on ground well elevated above the Scioto river, 
affording facilities for drainage, and the drift formation furnishes cobble-stones for street pavements and gravel for 
roadways. That portion of the site, however, which lies west of the Scioto river is on a low, alluvial bottom, but 
little elevated above the surface of the river, and protected by levees which prevent its inundation when the waters 
of the river are high. In the extreme western portion of the city limits the Corniferous limestone forms a rather 
abrupt bluff, and on it are located extensive quarries, where most of the material used for all building purposes in 
Columbus is obtained. This material was used in the construction of the Ohio state-house, and in the colonnade 
surrounding the building the columns are constructed of blocks from a course of this limestone which comes from 
near the bottom of the ledge. The walls of the Ohio state prison are also of this stone.” The sandstone from the 
Waverly formation is used to some extent, and the material is obtained at Berea, near Portsmouth, Black Lick, and 
Reynoldsburg. The Dayton limestone of Niagara age is used in a few instances, chiefly for trimmings. Saint 
Joseph’s cathedral is built of stone from the Waverly conglomerate, quarried near Lancaster, and some of the material 
obtained from the Newark quarries is also used. It is worthy of remark here that there are three formations, the 
exposures of which pass north and south within a few miles of Columbus, all being important sources of building 
material. Beginning at the east, appears the Waverly conglomerate, next westward the lower Waverly. There 
is then an interval of several miles of Hudson shales, after which, immediately west of Columbus, the great ledge of 
Corniferous limestone is exposed, of good quality for general building purposes, and readily accessible to the city. 
Among the other prominent stone structures in Columbus are the Ohio blind asylum, built of Waverly sandstone 
quarried near Reynoldsburg, 10 miles east of Columbus; Trinity church and the Kelly residence are of Waverly 
sandstone from Piketon, Pike county; First National Bank building, MeCune block, and Nuthoff block are of 
Waverly .freestone from Rush township, 12 miles from Portsmouth; and the be taent and trimmings of the 
‘Ohio state university are of Amherst freestone. 
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CONCORD, NEW HAMPSHIRE. 


The seven stone buildings in Concord are constructed of the well-known Concord granite, the quarries of which 
in the vicinity of the city furnish nearly all the material for stone construction at this place. All the buildings 
erected of stone in Concord and in Nashua are in excellent condition—no discoloration or decomposition, though 
the joints in the Concord quarries carry a slight discoloration down to the lowest depth. The substratum is 
occasionally rock, but usually sand. Brick is the most common material used for building purposes in these 
cities. The fact that stone construction is more expensive than that of brick or wood rules it out of use here, except 
for some public buildings. The following is a list of the stone structures in Concord: The state-house, state prison, 
church in West Concord, Ward & Humphrey’s storehouse, two dwelling-houses, and Saint Paul’s school building. 
The street in front of the Phoenix block is paved with Concord granite. There is much concrete used for street 
paving and sidewalks; the curbs are of granite from the native quarries. 


CUMBERLAND, MARYLAND. 


The only stones used for construction in Cumberland are Medina and Oriskany sandstones, of which there is 
an abundant supply in the immediate vicinity, and limestone quarried at Iron’s mountain, on the old town road, 
about 3 miles from Cumberland. The chief uses to which stone has been put in the vicinity of Cumberland have been 
in the construction of canal walls and locks and dams. The Erett’s Creek aqueduct, below the town, is also a good 
specimen of stone masonry, and is constructed of the limestone from Iron’s mountain. The Medina or white sandstone 
is an admirable building stone. It is fine-grained, easily worked, and especially adapted to situations of exposure 
to the changes of the weather, as it neither scales nor crumbles. One of the finest churches (Presbyterian) is built 
entirely of this material, which is used in foundations, underpinnings, walls, sills, curbing, street-crossings, steps, 
and for capping walls which are built of other stone. The Oriskany or yellow sandstone ranks next as an available 
building stone for use here, and several quarries have been opened within the city limits. This is quite soft and 
is much more easily worked than the Medina stone, but does not stand exposure so well, and is not as durable. Of 
it also one of the principal churches, the Episcopal, is built. Where great weight is to be sustained, as in the 
foundations in the city hall, the Medina or white stone has been preferred; but for underpinnings, walls, window- 
caps, and for nearly every purpose, the Oriskany stone has been largely employed. Dressed, for stone fronts, it has 
been used to decided advantage in two of the handsomest residences; and in the Rose Hill cemetery monumental 
shafts and vaults have been built of it. 

But little limestone has been used here as a building material. The stone of which the Chesapeake and Ohio 
canal locks, ete., are built was procured 3 miles from Cumberland, and is very durable. The iron sandstone, so called, 
is an iron ore, or rather a ferruginous sandstone, containing about 18 per cent. of metallic iron. This peculiar 
material has been made use of to a limited degree, notably in an extended wall on Washington street, capped 
with white sandstone. It is extremely hard, forms a structure of great durability, and is found in the vicinity. 


> 


DAVENPORT, IOWA. 


Lumber is cheap, and excellent brick may be manufactured in unlimited quantities from the loess which caps 
the river bluffs. The stone found in the vicinity is either of a very uniform quality or of the fine, compact, non- 
magnesian character of the purer strata of the Hamilton formation in Iowa; which stone is hard, closely-jointed, 
and refractory under the hammer, and in part liable to suffer disintegration under atmospheric agencies, chiefly 
from the action of frost. Stone brought from other localities is a relatively costly material. There are no local 
circumstances unfavorable to the use of any good building stones, and the rock substratum beneath much of the 
city is peculiarly suitable for the foundations of heavy structures. There are no docks, wharves, fortifications, or 
breakwaters, and no stone sewers. There is an iron bridge across the Mississippi at this point, the piers at the 
Davenport end being of stone. Trinity church is built partly of limestone from the city quarries. The streets are 
largely macadamized with the local limestone, and a few of the sidewalks are paved with Anamosa and Joliet 
dimestones. 


DAYTON, OHIO. 


There are small isolated areas of what is called the Dayton limestone, which is of Niagara age, exposed in the 
vicinity, and it is on this formation that the celebrated Dayton quarries are located. The court-house and bridges 
over the canal and the Miami river are built of stone from the Dayton quarries. Sandstone from Portsmouth 
and Berea is used to a considerable extent, chiefly for trimmings. The streets are largely macadamized with 
limestone from the Dayton quarries, and a few streets are paved with cobble-stones. Many of the sidewalks are 
paved with local stone. 
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DENVER, COLORADO. 


The Windsor hotel and the Union depot are of rhyolite, the latter trimmed with Morrison sandstone. The 
Union Pacifie freight depot and the Denver and Rio Grande depot are of rhyolite. The only other stone used for 
building purposes in Denver is sandstone from Cation City, Manitou, Fort Collins, and Trinidad. The quarries near 
this place lie at the foot of the mountains to both the north and the south of the city. The stones are white and red 
sandstone obtained from the lower horizons of the Cretaceous; some of the white sandstones are possibly from the 
Jura. A light pinkish-gray rhyolite which has broken through the Tertiary strata half-way between Denver and 
Colorado Springs is a favorite building stone in Denver; it seems to wear well, is easily worked, but will not stand 
fire. The streets are not paved; a few sidewalks are paved with sandstone flags from Fort Collins; curbs are of 
the Morrison sandstone. Bridge piers on Cherry creek and Platte are of rhyolite from Castle Rock. | ~ 


DERBY, CONNECTICUT. 


The material chiefly used in Derby for stone construction is the gneiss from Ansonia. Of the twelve stone 
buildings in the city eleven are of the Ansonia gneiss and one of rubble-stone from Birmingham. There is no other 
stone used here except a very small amount of North River blue-stone for sidewalk pavements and for curbstones, 
while the gniess before mentioned is used to a limited extent for the same purposes. The bridge abutments across 
the canal and the Naugatuck river are built of the Ansonia gneiss. There are no paved streets. The Ansonia gneiss 
is a good material for all ordinary purposes of construction, and is the only building stone to be found in the vicinity. 


DES MOINES, IOWA. 


Most of the building stone heretofore employed is from Earlham, all of which, except a single ledge in the Bear 
Creek quarry, is regarded as inferior. It is reported by the city engineer that certain stones from the Earlham 
quarries are durable and strong, while others undistinguishable in appearance disintegrate rapidly. It is probable: 
that the rock is not sufficiently seasoned before using. The quarrymen think that little if any seasoning is required. 
Wood is a cheaper building material than stone, as the nearest quarries are so far from Des Moines that freights 
add very materially to the cost. Rubble, which costs one cent per cubic foot in the Earlham quarries, costs 5 cents 
per cubic foot delivered in Des Moines. Excellent building stones exist in unlimited quantities in Winterset, in 
Madison county, near Tracy and, Pella, in Marion, and at Givin and elsewhere in Mahaska county, at little greater 
distance from Des Moines than is Harlham. The new state capitol now in process of construction, with the 
superstructure nearly completed, is the only important public building in the city. The following is a statement 
of the building stones used in the state capitol, and the number of cubic feet of each kind: 














f Cubic feet. 
Granite from Grundy; ands Mari Om (CbOwlders)) fem ae. ae ie = te asa tre ela re te ao ett ee 6,659 
Granite,’ Minnesota . 2.5 Yacaie aioe aoe oie Serene beac oe eae a aiaia ine oie ain alates mea ielm.atel efeieiniaht pense one eee oe sees 3,034 
Granite from Iron Monntain, /Missourisses oice~ sc duaints Mab cee benien=b keasshinah ahs bomen Pow ecjee so citae aoe 1,607 
Total ... .2 dei, aeuies peanepne vee menle eon Cb orks newh sa ica anaes cee Gee Meese herent vee kee ewe en er 11,300 
Sandstone from Carroll and Sainte Genevieve counties, Missouri ...-.-- 22 2-10 ccc- sens ee cces cence cc ccce ces 284,259 
Limestone ‘(dimension 2 faece oe elon cate wee See we ele ee oe eee ee ieee me caeiateh ahs on me a eg eee eae eeeeeee 172,924 
Rubble and coneretiess a5 2F. Soe ates ores een ete a atte erate a ee ate BUae relic eis wats eo Slalte eho tat Jie ene aie 70,136 
4 Xe) ee AE PRS ry Pre ae en ae ook ge Je Seg NCS CASS ETS rota 5 DOE. Geren Sins 527,319 





The rubble comes from Bear Creek quarries, 24 miles north of Earlham; the dimension stone to the ground-line 
comes from Winterset, Madison county; the limestone dimension, constituting the basement story, comes from 
Northbend, Johnson county; some limestone used in the interior piers of the basement comes from Anamosa, 
Jones county, and some used in the interior columns and pillars comes from Lemont, Jllinois, the quantity being 
small. A considerable quantity of limestone from Rock Creek, Van Buren county, was used in building the 
foundation; but it was found to disintegrate so rapidly under the action of frost that it was afterward removed. 
It appears from reports of various quarrymen that small quantities of stone from localities not above mentioned 
have also been used in the construction of the state-house. There are no sewers except temporary drains. A 
system of sewerage is now in contemplation, and the paving of the streets is deferred until such sewers are 
completed. There are no wharves; but there are two iron bridges across the Des Moines river, the piers and 
abutments of which are of limestone, mainly from Earlham. Of the three railway bridges across the Des Moines. 
river, that of the Chicago, Rock Island, and Pacific railroad has piers and abutments constructed mainly from 
Earlham limestone. The streets are not paved with stone; there is a little sidewalk pavement, of Joliet limestone, 
with curbs of Joliet, Pella, and Earlham stone. 
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DUBUQUE, IOWA. 


The city is located upon an alluvial terrace and bottom, the materials of which are sufficiently firm to support 
buildings of any weight, provided care is used in the preparation of the foundations. Lumber is cheap and. 
abundant; bricks are cheap and are the principal material for buildings; but limestone from the local quarries is 
used exclusively in the construction of sewers. There is a cross-street (Seventeenth street) located in the course of 
a ravine heading in the high bluffs to the westward, and in order to prevent destructive overflows it has been graded 
below the ordinary level, paved, and flanked with walls of masonry, so that during freshets the street itself serves 
as a drainage channel. The Galena limestone from the local quarries was employed exclusively in this work. An 
extensive artificial embankment for a levee, used for a wharf and utilized as a site for many important buildings, is 
protected by riprapping, in which’the same material is used. The Episcopal church is built partly of limestone 
quarried near Farley station. The material for the abutments of the railroad bridge across the river was largely 
obtained from a tunnel in Galena limestone at the Illinois end of the bridge. The building used as a custom-house 
and post-office is constructed of limestone of the age of the Saint Louis formation quarried at Nauvoo, Illinois. 
Five per cent. of the street area is paved with the limestone from local quarries, and other streets are macadamized 
with the same material ; except on the main street there is but little sidewalk pavement, and the material used is 
limestone from Anamosa and Farley, in Iowa, and Joliet, Illinois, and to a very limited extent the blue limestone 
of Trenton age from quarries 15 miles north of the city, on the Wisconsin side of the river. 


EASTON, PENNSYLVANIA. 


Easton is situated on moderately uneven ground, portions of the town being located on low ground on the banks 
of the Lehigh and the Delaware rivers, the junction of which is here, but the greater part is built on ground 
considerably elevated above the rivers. The surface everywhere offers firm and secure foundations. The limestone 
quarried in the vicinity is the material used for all ordinary purposes of construction. It is about the lowest 
limestone in the geological scale within the limits of Pennsylvania, being probably the bottom of the Siluro- 
Cambrian formation. The brownstone quarries of Triassic age located in New Jersey are readily accessible from 
here, and are considerably drawn on for building material by Easton. The principal stone buildings are Pardee 
hall, of Trenton sandstone, with Ohio sandstone trimmings; several churches are also of Trenton sandstone, and 
the front of the jail is of the same material. The Wyoming blue-stone from near Meshoppen is now being introduced 
for trimmings. The stone sidewalk pavement is not extensive, and the materials used for this purpose are Wyoming 
blue-stone, and North River and Lehigh slate. Curbstones are of native limestone. 


- ELIZABETH, NEW JERSEY. 


In the business parts of the city, in the large buildings, brick is mostly used, although there are many of wood; 
but private residences are almost exclusively frame buildings. Brownstone is used in trimmings and in cellar walls 
and foundations, but not to so great an extent as brick. Saint John’s Protestant Episcopal church is a fine 
example of brick trimmed with stone. Dark red sandstone was formerly used for grave-stones in the cemetery 
of this church, and these old stones are beginning to scale off. Several bridges over the river are built of sandstone, 
but these are small. Of streets opened and graded the total length is 79 miles; of paved streets, 26 miles ; 
rectangular-block pavements, part granite and part trap-rock, 13 miles; the greater part of the trap-rock is from 
the Hudson County quarries. Of the three stone structures the most prominent is the Westminster Presbyterian 
church. 


ELMIRA, NEW YORK. 


The materials used for stone construction in Elmira are, for foundations and underpinnings, sandstone from the 
local quarries; for the better class of work, sandstone from the local quarries and limestones from Syracuse. The 
quarries of sandstone in the vicinity supply all the railroad work, except that in which heavy stone is needed, in 
which case the material comes from Unionville and Waterloo. The streets are not paved with stone, with the 
exception of two blocks, which are paved with Medina sandstone. But few of the sidewalks are paved with stone; 
the material used is blue-stone from Trumansburgh. 


ERIE, PENNSYLVANIA. 


Three stone structures in Erie are constructed of Medina and Amherst sandstone and Sandusky limestone, 
with one building of marblefrom Dorset, Vermont. The material for foundations and other rough purposes is a 
sandstone of the Upper Devonian age quarried in the immediate vicinity, and a sandstone of sub-Carboniferous 
age quarried at Corry, in Erie county. Sandstone quarried at Lebceuf, in the same county, is used to some extent 
for foundations and bridge abutments, flagging, caps, and sills. The streets are largely paved with stone, the 


302 BUILDING STONES AND THE QUARRY INDUSTRY. ‘ 
material most used for this purpose being the Medina sandstone; rubble is also used to a considerable extent. 
Sidewalks are but little paved with stone, and the material used is chiefly blue-stone from Euclid, Ohio; the Berea, 
Ohio, sandstone being also employed to some extent. The material commonly used for curbstones is the Medina 
sandstone. The stone from the quarries along the lake shore east of Erie, used for foundations, is a rather inferior 
material, but as it can be obtained at small expense, it is employed quite extensively for the underground portions: 
of foundations; but some of it is not capable of withstanding the action of frost. 


EVANSVILLE, INDIANA. 


In the western part of the city the ground is unfavorable to building, as quicksand underlies the surface; but 
in the eastern and central parts this unfavorable condition does not exist. There is but one building entirely of 
stone, but ninety-nine buildings have stone fronts. The materials used in these buildings are the Bedford and 
Eulettsville limestones. Limestone of the sub-Carboniferous age, from the vicinity of Spencer, Owen county, was 
employed in the construction of the custom-house. The foundations and underpinnings are of limestone quarried 
in the vicinity of Evansville. The streets are but little paved with stone, and the material is the limestone from 
the various points in Vanderburgh county, in which the city is situated. The sidewalks of the business streets are 
usually paved with the Bedford limestone, with crossings of limestone from North Vernon, Indiana. Curbs are of 
Portsmouth, Ohio, sandstone, as in the case of most of the other important towns on the Ohio river; the wharves 
here are constructed of cobble-stones on the banks of the river. 


FALL RIVER, MASSACHUSETTS. 


About 40 structures in Fall River, mostly mills, are of stone, the material used being granite from local quarries. 
Among the buildings of Fall River granite is the city hall. The new post-office and custom-house building is of 
granite in part from Westerly, Rhode Island. The mills before spoken of are, comparatively speaking, handsome 
structures, and the material of which they are built was quarried by the builder as it was needed in their 
construction. Some of the material in these structures is surface rock taken from the fields in the vicinity and 
from the outcrops of granite ledges. A portion of one of the streets is paved with granite blocks from the Fall River 
Granite Company’s quarries in Freetown, and some streets are paved with cobble-stone from the drift in the vicinity. 
A few of the sidewalks in the older portions of@the city are paved with the North River flags, and the curbstones. 
are granite from Fall River quarries. 


FITCHBURG, MASSACHUSETTS. 


There are only two buildings in Fitchburg eutirely of stone; the court-house and the Episcopal church are 
both built of granite from Fitzwilliam, New Hampshire. There are two stone fronts built of granite from the local 
quarries. The Fitchburg granite comes from Rollistone hill, about half a mile distant from the railroad station. 
Foundations and underpinnings are of Fitchburg and Fitzwilliam granite. There is but little stone street 
pavement, and the material used is the Fitchburg granite; sidewalks are not paved with stone, and curbs are of 
granite from local quarries. 


FORT WAYNE, INDIANA. 


There are but five stone buildings reported in the city. Limestone from White House, Ohio, is perhaps next 
in importance for foundations to that of the Wabash, Indiana. Limestone from the state is used to some extent 
for foundations of smali structures. Stone is used to a considerable extent for paving sidewalks, though brick is 
used to a much greater extent. The Amherst, Ohio, sandstone was formerly used almost exclusively for the different 
purposes for which sandstone is commonly employed in this city—monument bases, caps, sills, and trimmings in 
general—but the Buena Vista sandstone is used almost exclusively now, because it is obtained here at a little lower 
price. The sandstone from Stony Point, Michigan, is considered by some builders to be equal in quality to the 
Amherst stone, but its brown color is objectionable to some. Foundations and underpinnings are of the Wabash 
limestone, and to a limited extent, some stone from Stony Point. The streets are macadamized with Wabash 
limestone, and a few of the sidewalks are paved with sandstone from Berea, Ohio, and limestone from Joliet, 
Ilinois; the curbs are of the Joliet limestone; bridge abutments are built principally of sandstone from Stony 
Point, Michigan. 


GALVESTON,. TEXAS. 


A few foundations in this city are built of stone brought in ships as ballast from various parts of the world, 
and all that has thus far been employed proves substantial and durable. The city is built on a sand-bank, and 
the usual manner of preparing the foundations of the largest buildings is simply to remove the top soil, which is 
ouly a few inches thick, and, provided there is no danger of the sand wasting from under, every inch deeper is 
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considered money thrown away. In sinking an artesian well recently silt was struck at 720 feet; all above this 
was sand, shell, and clay, or beds of silt in varying thicknesses. The United States government is using for the 
jetties the calcareous sandstone from a quarry 9 miles from Brenham, on the Gulf, Colorado, and Santa Fé railroad ; 
also limestone from points on the East Texas railway. Both of the above stones make reliable masonry, and they 
are used on the railroad for bridge abutments and piers; they are rather porous. The ship ballast used so much 
for foundations and underpinnings comes chiefly from the northern United States, from Canada, and from 
Europe. There are but 20 square yards of stone street pavement in the city, and this is of cobble-stone brought 
as ship ballast. A few sidewalks are paved with sandstone, blue limestone, and granite from Connecticut, 
and from Germany and England. 


GLOUCESTER, MASSACHUSETTS. 


The six structures entirely of stone and the four stone fronts in this city are built of Gloucester granite. 
The only stone used for any purpose, with the exception of a few perches of lintel stone from New Brunswick, is. 
granite from the quarries within the city limits. The streets are but little paved with stone, the material being the 
Gloucester granite; the sidewalks are not paved with stone, and there are some curbs of the granite from the 
local quarries. 


HARRISBURG, PENNSYLVANTA. 


Brown sandstone of the Triassic age is largely used in Harrisburg. Some of it comes from the Connecticut 
valley and some from Goldsboro’, York county, but at present it is nearly all obtained from Hummelstown, 
Dauphin county, which is but a short distance east of Harrisburg. The climate here is rather severe on the 
brownstone, from whatever locality it comes. In buildings of this material it was noticed that blocks at the base, 
where more subject to sudden alternations of dampness and frost, are scaling off in thin flakes, while the stone 
higher in the wall remains unaffected. The stone-work about the base of the Pennsylvania State Capitol building 
is of brownstone from Goldsboro’, York county, the superstructure being of brick; the brownstone is scaling oft 
rapidly, due probably in a great measure to unskillful handling, as well as to the effects of damp and frosty 
atmosphere. Many of the stones are set up edgewise, instead of being laid as in the quarry. The Hummelstown 
brownstone is steadilv increasing in use here. [front street, facing the Susquehanna river, seems to be the locality 
in this city most severe on building stones; the street is more exposed to rapid alternations of damp and cold 
weather than the other parts of the city. The material mostly used for the rougher building purposes, such as. 
cellar walls and foundations, is the blue magnesian limestone quarried in the immediate vicinity, and most of the 
stone buildings are of this material. . It is quite durable, the weather having apparently no effect on it, except to fade 
it to a light color; it is hard and brittle, and not readily susceptible of a fine dressing. Several private residences 
are built of blocks of this limestone of irregular shape firmly cemented together, and the effect is very pleasing. 
One of these, the house of Hon. Simon Cameron, was built by the founder of Harrisburg acentury ago. In trimmings, 
curbing and steps, the Amherst, Ohio, sandstone is used in a few instances, but its use here is of recent date; the 
material as yet shows no sign of being ‘affected by the elements. One building, the Dauphin County prison, is. 
built principally of a gray, conglomeratic sandstone quarried several miles south of Harrisburg, near the 
Susquehanna river. The building was constructed in 1840, and the stone in the walls has been redressed several 
times since its construction; this is made necessary by the constant scaling off of the dressed surface in thin flakes. 
It was thought to be a most substantial material at first, but its vulnerable character is now so generally recognized 
that it is no longer quarried for building purposes. For underpinnings, steps, base courses, caps, and sills, Conewago. 
granite, a dolerite quarried from the trap dikes which cut the Triassic formation at various places, is used to a 
considerable extent. The quarries which supply Harrisburg with this stone are principally those at Collins station, 
Lancaster county, and York Haven, York county. The material is practically indestructible, but its somber, dead 
color restricts it to uses in which fine effect is not desired. The abutments of bridges crossing the Susquehanna river 
here are constructed of the magnesian limestone quarried at Bridgeport, opposite Harrisburg; the abutments are 
repaired in places with patches of Hummelstown brownstone. The Dauphin County soldiers’ monument is built of 
the trap-rock called Conewago granite; the superstructure is of Maryland marble, and the figure surmounting the 
column is of Carrara (Italian) marble. For curbs, base courses, caps, sills, etc., Conewago granite and Montgomery 
county and Maryland marbles are all used to a considerable extent. One new house is being trimmed with the 
Wyoming blue-stone, a handsome, fine-grained and uniform, rather light blue sandstone from Meshoppen, Wyoming 
county. The new post-office building, in course of construction, has a foundation of Conewago granite from 
~ Collins station, Lancaster county; the exposed part of the foundation is of Old Dominion granite, a biotite 
granite quarried near Richmond, Virginia, and a superstructure of granite from Bluehill, Maine; the latter two 
materials resemble each other very much. The streets are but little paved with stone, and that most used for 
this purpose is cobble-stone from the Susquehanna river. There is but little sidewalk paving; the material used is 
the North River blue-stone, well known through the eastern states as a paving material. For roofing, Peach 
Bottom slate from the slate district in York county and the adjoining district of Maryland, is most extensively 
used, and slate from Lehigh and Northampton counties is also used for the same purpose. 
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HARTFORD, CONNECTICUT. 


As the celebrated quarries of brownstone in the Connecticut valley are of easy access to Hartford, this is the 
source from which the city draws most of its material for stone construction. A few buildings are constructed of 
marble from East Canaan, and granite from Westerly, Rhode Island, is employed to a considerable extent; and in 
‘one building granite from Glastonbury is used. There are three or four stone bridges across Park river, anda 
retaining-wall about 500 feet in length and 20 feet high along the same river, all of Portland brown sandstone. 
The state capitol is by far the most important of the marble structures, the others being simply the fronts of 
. three blocks of buildings. Many blocks in the walls of the state-house are of crumbly material; flakes can be 
taken from them and rubbed to powder between the fingers. Limestone from Glens Falls, New York, is used in 
some of the inside stone-work of the state-house. In the United States custom-house and post-office granite from 
Saint George, Maine, was used. Light gray granite from Hallowell, Maine, was used in the construction of the 
monument to General Stedman. The streets are nearly all telfordized or macadamized with trap from quarries 
immediately southwest of Hartford. Sidewalks are largely paved with the North River blue-stone, and Bolton 
flagging-stone is used to some extent. The curbstones are of gneiss from quarries in Glastonbury, and of North 
River blue-stone. 


HAVERHILL, MASSACHUSETTS. 


The 15 buildings enumerated in Haverhill as having stone fronts are merely faced with Maine or New 
Hampshire granite for the first one or two lower stories. The one building constructed entirely of stone is a fine, 
large summer residence of an inferior quality of granite taken from the hill upon which the house stands. 
Foundations and underpinnings are of Cape Ann and Maine granite. There is a little stone street pavement of 
Cape Ann granite; the sidewalks are not paved with stone; curbs are of Cape Ann granite. The piers of the 
bridge across the Merrimack river are of Maine granite. 


INDIANAPOLIS, INDIANA. 


The stone most used in Indianapolis for the ordinary purposes of construction is the limestone from Indiana 
quarries. The sub-Carboniferons sandstone from near Portsmouth, Ohio, has been employed to a considerable 
extent. The Niagara limestones from Decatur and the neighboring counties may be used as ashlar in the construction 
of the walls without much dressing, causing a very considerable saving in mason work. . 

The Putnamville siliceous limestone lies in even courses from 4 inches to 2 feet in thickness. It is a silicate 
of lime, and resists the action of the elements admirably. Specimens exposed to extreme variations of temperature 
for forty-six years still retain the chisel marks as fresh as when first dressed; and a door-step of a college resisted 
the daily foot-wear for fifty years, with wear of less than one-sixteenth of an inch. 

The oolitic limestone when soiled is quickly made bright and clean by the inexpensive process of brushing with 
steel or wire brushes. True, smooth, highly-colored stone tiles of the best quality are made here of this material. 
The piers and abutments of bridges and cell walls of jails are largely constructed of Niagara limestone from Decatur 
county, and Indiana oolitic limestone is used for the same purpose. The approaches tothe tunnel under the railroads 
on Illinois street are built of Niagara limestone from Decatur county. Siliceous limestone of the sub-Carboniferous 
period, quarried at Putnamville, was used for foundations, curbs, and paving flags some years ago, and has shown 
valuable qualities for resisting the action of weather, time, and fire. Its use was discontinued by reason of a more 
easy access to other quarries. The new state-house, when completed, will contain 410,000 cubic feet of Niagara 
limestone and 520,000 cubic feet of oolitic limestone. The foundations and underpinnings are of the Niagara and 
Devonian limestones quarried in Decatur and Jennings counties, and the sub-Carboniferous from Owen county is 
used to a limited extent. Granite from Hurricane island, Maine, was employed to some extent in the stone-work of 
the capitol, and limestone from North Vernon, Jennings county, was used in the construction of the Indianapolis 
arsenal. In such streets as are paved the cobble-stones are used exclusively. Sidewalks are largely paved on the 
business streets with Niagara limestone from Decatur county, and artificial cement is used to a limited extent. 
Curbstones are of Decatur County limestone. 


ITHACA, NEW YORK. 


About the only material used for stone construction in Ithaca is thesandstone quarried in the immediate vicinity. 
Cornell University buildings are of stone from quarries near them; some in fact are within the grounds of the 
university. The trimmings are of Berea, Ohio, sandstone, Lockport limestone, and Medina sandstone, from Albion. 
The streets are not paved with stone; the sidewalks are largely paved with blue-stone from quarries near the city, 
with curbstones of the same material. The total amount of stone construction in Ithaca is small, only 15 buildings 
being reported as constructed of this material. 
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KEOKUK, IOWA. 


The stone buildings thus far erected are among the largest of the city. The sandstone of Sonora, Illinois 
appears to be an excellent and durable building stone. Quarries of similar material are found on the Iowa side of 
the Mississippi, near the mouth of the Des Moines river, and also 5 or 6 miles above Keokuk, which have been 
operated only a short time. The abutments and piers of the railway bridge across the Mississippi are of arenaceous 
limestone from Sonora, Illinois. The stone used in the construction of the Des Moines Rapids canal is mainly from 
the same locality, though in part: from temporary quarries of similar stone near Nashville, Iowa. . The stones for 
foundations and underpinnings and the ruder purposes generally is limestone of sub-Carboniferous age quarried 
within the city limits; this material was used in the construction of the opera house (foundations) and the Keokuk 
Hlevator Company’s elevator. The streets are not paved, but some of them are macadamized with the local stone. 
A few of the sidewalks are paved with limestone from within the city limits. 


KINGSTON, NEW YORK. 


Of the stone buildings 34 are old dwelling-houses. These are generally 14 stories high, and are built of 
surface rock, mostly limestone and graywacke; some few are stuccoed. As good examples of durability we may 
mention the old Senate house, built by Wessells & Tenbrook in 1676. The Hasbrouck and Bruyn houses are also 
very old. Hard surface stone used in these buildings have suffered scarcely any change such as weathering might 
induce. Of the more prominent buildings the Ulster County court-house was erected in 1818, and still looks bright 
and clean; the First Reformed church is the largest and most costly stone building in the city; it is built of a dark 
slate- meee grit or graywacke found in the neighborhood. The stone is thinly-bedded, but looks well. The 
Second Reformed Church building is of limestone; the material is much disfigured by the Groen and dirt-colored 
stains due to the weathering of the clay seams of the mass. These stains reach in all directions through the 
stone. The superiority of the surface stones which appear in the old houses is evident at a glance. This 
limestone came from quarries near the town. Ohio sandstone has been employed in the trimmings of the new city 
hall; otherwise it has been scarcely used. The lower portions of the city are of brick. The aggregate length of 
paved streets, according to ex-Mayor James T.. Lindsley, is less than one mile, and is confined to three streets. In 
front of two blocks the street is paved with granite blocks. For the most part foundations and underpinnings are 
from the blue-stone flag quarries at Kingston and Hurley, Ulster county. Some of this work, however, is 
of limestone, blue rock, and slate quarried within the city limits. The sidewalks are largely paved with stone, 
there being about 60 miles of flagging of blue-stone from quarries at Kingston and Hurley. Curbstones are of the 
same material. The large amount of stone sidewalk paving is due to the close proximity of the city to the most 
celebrated flag-quarry region in the country. 


LA FAYETTE, INDIANA. 


Stone used for building purposes in this city is almost exclusively limestone from the quarries of Decatur, 
Lawrence, and Monroe counties. It isused quite extensively for trimmings ; its light color gives a fine architectural 
effect when used in connection with brick. ‘The streets are not paved with stone, but the gutters are laid with 
bowlders gathered in the vicinity. A few of the sidewalks are paved with limestone from Greensburg, with curbs 
of the same material. 


LANCASTER, PENNSYLVANIA. 


A large percentage of the buildings in Lancaster have considerable stone in their composition, in the way of 
base courses, caps, sills, etc. Stone is used to bring the base of the houses to a level on the uneven ground, and 
brownstope from Hummelstown, from Ephrata, in Lancaster county, and from other points is used for the purposes 
mentioned. Connecticut brownstone is employed ina few instances. The Conewago granite, from the Kellar quarry 
near Collins station, is frequently used for base courses. It is apparently invulnerable to the attacks of the elements 
Amherst, Ohio, stone is used to some extent for base courses and trimmings. 

Blue-stone from Meshoppen and other points in Wyoming county is being introduced for trimmings and is very 
highly esteemed. Montgomery County marble is well adapted to the construction of fronts, base courses, caps, and 
sills, for which purposes it is much employed in Lancaster. 

In the cemeteries the New England marble is employed to a considerable extent, also Montgomery County 
marble; granite from the New England states and from Maryland, and some Scotch Deaniiay Hummelstown and 
Connecticut brownstone to a small extent; and for lot inclosures, Conewago granite. Some houses in the city are 
trimmed with white marble from Sutherland Falls, Vermont. For foundations and underpinnings the material 
ordinarily employed is magnesian limestone, which is quarried in the vicinity, and the old houses in the city are 
built of the same material. The streets are largely paved with stone, the greater part, however, being simply 
macadamized with the limestone quarried in the eas The public square and portions of ethos streets are 

VOL. Ix-—-20 B § 


306 BUILDING STONES AND THE QUARRY INDUSTRY. 


paved with granite blocks from cape Ann, Massachusetts. The sidewalks are largely paved with stone, the 
material chiefly used being Wyoming blue-stone from near Meshoppen, Pennsylvania. The North River blue-stone 
is also used to some extent for sidewalk paving. Lehigh County slate is used for sidewalk paving. Bridge 
abutments, culverts, and embankment walls are constructed of Siluro-Cambrian limestone quarried in the vicinity, 
The soldiers’ monument is built of white marble, the base being of New England granite. The Peach Bottom slate 
is highly esteemed for roofing, and the Lehigh County slate is also extensively used for the same purpose. 


LAWRENCE, MASSACHUSETTS. 


The only important stone buildings in Lawrence are two large Catholic churches, one Congregational church, 
and a large prison. Stone has thus far been used to a very limited extent as material for construction in Lawrence, 
except as underpinning. The factories and tenement houses are almost all of brick, while the suburban residences 
are of wood. The same may be said of Lowell and Haverhill. The material for foundations and underpinnings 
is granite from New Hampshire and from cape Ann and Westford, Massachusetts. The streets are largely paved 
with Cape Ann and Westford granite. A few of the sidewalks are paved with Cape Ann granite, and curbs are of 
the same material. 


LEAVENWORTH, KANSAS. 


The limestone chiefly used in this city is from a 14-foot bed occurring about 20 feet above the ordinary 
water-mark in the river; it is of Upper Carboniferous age, and corresponds to No. 112 of section U. C. M. (See p. 
94 of Part II, Missouri Geological Report of 1872.) our feet above is another limestone (No. 115, Missouri section) 
which has been extensively used at Leavenworth city for sidewalks and foundations, but it often shows many sand 
tracts. Other rocks used largely at this city are from Junction City and Cottonwood Falls, Kansas. Cottonwood 
limestone was used in the construction of the court-house and the Missouri Valley Life Insurance building. The 
columns of the custom-house are of red granite from Red Beach, Maine. The riverside quarries at Leavenworth 
have been abandoned on account of the cost of stripping; at the present quarries there are from 4 to 8 feet stripping 
of earth and shales. Foundations are all rubble-stone from local quarries and from Fort Scott. The streets are 
largely macadamized with the limestone from local quarries; the sidewalks, however, are chiefly paved with brick,. 
and to a limited extent with limestone from near Fort Scott. The only building constructed entirely of stone in the 
city is built of the local limestones. 


LOCKPORT, NEW YORK. 


Within the limits of this city there are extensive quarries of both sandstone and limestone, and they furnish 
all the material used for stone construction. The sandstone quarries are located on a ledge of Medina sandstone 
age, and by far the larger number of stone buildings are constructed of this material. It is used to some extent 
also for sidewalk paving and street-paving blocks. ‘The greater part of the material for stone construction in Buffalo 
is also brought from these quarries. The limestone quarries are located on a ledge of Niagara age and on the same- 
horizon as that over which the cataract of Niagara flows. 

The foundations and underpinnings are usually constructed of limestone from the local quarries, but the Medina 
sandstone is also used for these purposes to a limited extent. The streets are but little paved with stone, there- 
being only a quarter of a mile of the Medina block pavement. There is but little stone sidewalk pavement, the 
material used for sidewalks being planks; in such sidewalks as are paved with stone the Medina sandstone is the 
material used. Five double locks on the Erie canal are of limestone from local quarries and from the canal 
excavation. 

LOGANSPORT, INDIANA. 


® 

The limestone that has been used so extensively in this city for entire buildings 1s taken from the quarries 3: 
miles below the city, on the Wabash river. The color of the stone is gray and quite uniform, and some of the finest 
structures in the city have been built of it. Oolitic limestone from southern Indiana is used extensively for 
trimmings; that from Stinesville is perhaps used most extensively at present for this purpose. The Amherst and. 
Berea sandstones of northern Ohio were used to a limited extent for the same purposes. The Buena Vista stone 
of sub-Carboniferous age, quarried in southern Ohio, has been used for ashlar. The limestone quarried in the 
vicinity of the city furnishes material for foundations and underpinnings. The sidewalks are largely paved with 
limestone from southern Indiana and sandstone from Berea, Ohio; the curbs are of native limestone.. The material 
used for bridge abutments and piers is sandstone from Williamsport and Attica, and limestone from Logansport, 
and the oolitic limestone from the southern part of the state. 
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LOUISVILLE, KENTUCKY. 


The rock exposed in the immediate vicinity of Louisville is the sub-Carboniferous limestone, which is of the 
same age as the Indiana oolitic limestones; hence the city has a good local supply of building stone which answers 
well for all ordinary purposes of construction, and extensive use is made of this supply. For the finer purposes 
of construction the Indiana oolitic limestones are extensively used, and as the city is situated on the Ohio river it 
has ready access to the Buena Vista and other sandstone quarries near Portsmouth, Ohio, and much of this stone 
is used. The Bowling Green, Kentucky, limestone has also been very extensively employed. This limestone, like 
that of the local quarries, is of sub-Carboniferous age. The Louisville limestone, however, although taking good 
rank as far as durability is concerned, is hard and sometimes flinty, and is much more expensive to dress than the 
sub-Carboniferous limestones usually are where exposed in other places, and this fact confines its use to the ruder 
purposes. The streets of Louisville are largely paved with limestone from the local quarries, and a few of the 
sidewalks are paved with Bowling Green limestone, with curbs of the same material. The abutments of the railroad 
bridge over the Ohio were built of Utica, Indiana, stone. The wharf is constructed of cobble-stones; the locks and 
walls of the Louisville canal are built of the local limestone; it was also used in the construction of the custom- 
house and the city work-house. Limestone of sub-Carboniferous age, quarried near West Salem, Washington 
county, Indiana, was used in the construction of the Galt house and the city hall. Sandstone from the vicinity of 
Cannelton, Perry county, Indiana, was used in the construction of the water-works and locks. 


LOWELL, MASSACHUSETTS. 


There is quite a number of small factories, barns, and dwelling-houses in Lowell constructed of the blue 
mortar-stone taken from quarries in the immediate vicinity of the city. This material is considered more durable 
than the very micaceous granite; the disadvantage in using it for building purposes lies in the great difficulty of 
quarrying blocks of given dimensions. The Concord granite is preferred, owing to the small amount of iron in its 
composition. There is a very micaceous gneiss quarried in the immediate vicinity somewhat used for building 
purposes, but it is liable to rust on account of the quantity of iron in its composition, and it also has a tendency to 
crumble when subjected to the action of intense heat. 

The following are the different building stones most used in the better class of stone construction in this city: 
Granite from Concord, New Hampshire; mortar-stone, quarried in the immediate vicinity; marble from Rutland, 
Vermont; granite from Westford, Massachusetts; granite quarried in the vicinity of the city; foundations and 
underpinnings are of granite from Concord, New Hampshire, Westford granite, and the various stones quarried in 
the vicinity of Lowell. A very large bridge is being constructed across the Lowell railroad of stone quarried in 
Westford, Massachusetts; the Episcopal church and Saint Patrick’s church in Lowell are built of stone taken from 
Livingston quarry, within the city limits. The streets are largely paved with Westford and Concord granites. 
There is some stone sidewalk paving of Westford granite, with curbstones of the same material. 


MANCHESTER, NEW HAMPSHIRE. 


A very few stone buildings in Manchester are constructed of granite quarried in the immediate vicinity. The 
materials usually employed in construction here are brick and wood. In the construction of the Amoskeag dam 
50,000 cubic yards of granite were used. The walls of a canal a mile in length and the piers of six bridges across 
the Merrimack river are built of granitefrom Bedford. These quarries are not now operated. The soldiers’ monument 
was built of Concord granite. Foundations and underpinnings are of granite and gneiss quarried in the vicinity, 
from the lake gneiss formation, and the granite occurring in masses in the gneiss. There is a mile of street 
pavement of Hookset granite in blocks afoot square. There is very little stone sidewalk pavement of gneiss from the 
immediate vicinity. The sidewalk in front of the Merchants’ exchange is paved with Potsdam sandstone. The 
curbs are of native granite and gneiss. 


MIDDLETOWN, CONNECTICUT. 


On account of the close proximity of the Portland quarries, which are on the opposite side of the river from 
Middletown, almost all the stone used in this city is obtained from them. There are very few stone buildings, 
however, by far the largest-use of the stone being for foundations and underpinnings. The sidewalks for the most 
part are from 3 to 4 feet apart, and they as well as the curbstones are of a kind of gneiss from the Haddam and 
Maromas quarries; this material splits with rather a rough surface. In the principal business streets large flags of 
North River blue-stone are considerably used, and in many spots slabs of sandstone occur, which, however, do not 
stand well under foot-wear. In buildings the dressed sandstone scales off badly when set on edge; when laid as in 
the natural bed this defect is not apparent. A large railroad bridge across the Connecticut river, at Middletown, 
has its piers and abutments built of a granitic rock. taken from the quarry, worked only for this purpose, a short 
distance up the river on the east side. The streets are not paved. 
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MEMPHIS, TENNESSEE. 


There are but two buildings in Memphis constructed entirely of stone, the custom-house and the post-office. 
The first is built of marble from Knoxville, Tennessee; the second, of granite from near Iron Mountain, Iron county, 
Missouri. Eight buildings are enumerated as having stone fronts, one of which is built of sandstone from Alabama, 
six of limestone from Alabama and Kentucky, and one of freestone from near Portsmouth, Ohio. Foundations 
and underpinnings are chiefly of brick, but there are some of limestone from Alabama and Kentucky. Limestone 
is used in wharf paving and breakwater of riprap walls, of which there is now paved an area of 2,700 by 250 feet— 
equal to about 75,000 square yards. The arched culvert bridges and abutments are constructed chiefly of brick, 
and one arch culvert is built of limestone from Alabama. 

The sewer system, built in 1880-81, is constructed for the most part of vitrified clay pipe from 6 to 15 inches in 
diameter, the main outlet being of cast-iron and brick 20 inches in diameter. Granite and sandstone quarried in 
the vicinity of Little Rock, Arkansas, are used for building purposes. Sandstone and limestone from Arkansas and 
Missouri, and limestone from Hlinois, Kentucky, Tennessee, and Alabama are all employed in construction here. 
Most of the quarries are accessible by water and by railroad, and their distance from Memphis ranges from 200 to 
250 miles. The buildings within the fire limits are chiefly of brick, with some iron. ‘The site of this city furnishes 
good foundations for buildings of every description. About 15 miles of streets and alleys are paved with stone; 
the material chiefly used for this purpose is limestone from Illinois, Kentucky, Alabama, and Tennessee, and granite 
and sandstone from the vicinity of Little Rock, Arkansas. Sidewalks are but little paved with stone, and the 
material chiefly used is limestone and sandstone from Alabama, with curbs of the same material. 


MINNEAPOLIS, MINNESOTA. 


The following list includes the Minneapolis buildings in which stone enters as an important constituent: 


Brick buildings with limestone trimmings from the Trenton formation ........--....----.-----.--2e0 -s--e- eee 179 
With Berea,.Ohio, sandstone trimmings i225.) ose on eee ee oe oe bs oss ense= nose ces a= ae ae see tee ee a eee eee 60 
With Frontenac dolomite trimmimge 32 te oe ae ela ele fenin seme la sta ain le clin el = win cies 6c '= om © clare ie eit ts ate te 13 
With Joliet or Lemont, Hlinois, limestone trimmings. i sess occ oe anceuniecaeevs =seice-enses le delnip te) i oe 3 
With Fond du Lac limestone trimmings oe ca tee weenie sine wx wise ao om = alesis ole mele) alere ole ale aveiay el aye ote 48 
With Kasota Stone trimmings ic se ie came cin wtone tales sila Stee seiels ac sie rice ss So sietela dam shine eissiele fe Roe ele ee 11 
With Minnesota granites.2- 2.5255 coos cess Selo cee eave cievewmea case nn tebisree ca selane ses st soca aaa Sete eee 6 
Buildings of stone or brick partly trimmed with pranite...-----4- 52 eee acca es flea caries eerie eae 21 
Buildings,of brick with Vermont marble trimmings 52. = Jos sscess tcem Coches asic sce eve ee aes sae eee 1 


There are perhaps 20 other brick buildings which have artificial-stone trimmings and 20 which are trimmed 
with brick of another color, or are painted so as to simulate trimmings of stone, of which no account has been 
made. This enumeration includes all stone structures; many of them are very large, such as the Washburn A, B, 
and C flouring-mills, the Pillsbury A flouring-mill, the university of Minnesota, and McAllister college. The list 
also embraces the Universalist church, the Irish and French Catholic churches, and the Plymouth Congregational 
church. The Trenton limestone supplied by the quarries of Minneapolis, formerly much used, is being abandoned 
as material for first-class structures, and in its place are put stones from towns in Minnesota, as well as stone from 
other states. The argillaceous character of the Trenton strata, and the thin but often lenticular banding of the 
sedimentary structure, cause the slabs and blocks of this limestone to disintegrate in sheets parallel with the 
bedding, and finally to wholly decay ; when it can be kept from exposure to the weather it answers for walls better; 
hence it is still employed in foundations and in basements that rise a few feet above the ground. Itis necessary even 
in such cases that it be well bedded in mortar and protected by a good water-table. 

The use of stone as a material of construction at Minneapolis has been greatly influenced by an abundant 
supply of two other articles, as follows, viz: Cream-colored brick and pine lumber. It is becoming very fashionable 
to use red pressed brick from Saint Louis or Philadelphia or Baltimore for the fronts of first-class structures, 
trimming them with sandstone from Ohio, or limestone from Stone City, Iowa, or Joliet, Illinois. The piers of the 
suspension bridge over the Mississippi river and its anchorages are of the Trenton limestone, from Minneapolis, 
trimmed with Minnesota granite. The piers of the two other highway bridges and of the railroad bridge across the 
Mississippi are of the same material. The arched bridge across the east channel of the Mississippi is of the same, 
but has Red Wing rock in the angles. In several residences and business blocks artificial stone is used for window- 
caps or other trimmings, but with Trenton limestone sills, basements, and water-tables. Lemont, Illinois, limestone 
is seen in a few buildings which have other stones for trimmings. Steps and water-tables of Kasota stone are 
frequently put in buildings that have other stones for trimmings. In the Westminster Presbyterian church brown — 
sandstone from Fond du Lac, Saint Louis county, Minnesota, is used. 

The streets are but little paved, and the material used is a water-worn cobble-stone from the drift. Sidewalks 
are but very little paved with stone, owing to the abundance of pine lumber and its cheapness. In such sidewalks 
as are paved with stone, Niagara limestone, from Joliet, Illinois, Trenton limestone, from Minneapolis, and calciferous 
sand-rock, from Kasota, Minnesota, are used. The curbstones are of Minneapolis Trenton limestone. 
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MOBILE, ALABAMA. 


The only stone building in Mobile—the custom-house—is built of Quincy, Massachusetts, granite. The streets 
in the business portion of the city are partially paved and macadamized with stone ballast from vessels and the 
Alabama sandstone. The sidewalks are paved with Alabama sandstone and brick; sandstone from Colbert county, 
Alabama, is used to a limited extent for this purpose; also the North River blue-stone and stone brought from 
Yorkshire, England. 


NASHVILLE, TENNESSEE. 


The stone chiefly used for fronts in the city of Nashville is oolitic limestone from Bowling Green, Kentucky. It 
is a good material, but contains petroleum which is drawn to the surface by the heat of the sun, and dust settling 
on it turns it a dark color. It is not uniform in color, but has yellow streaks. The United States custom-house is 
built of this material. The limestones of the Nashville formation are found in three principal layers; the quality 
and appearance vary in the same layer. The quarry from which the stone for the capitol is built was abandoned 
for the reason that the material is very fossiliferous and the fossils (orthoceras) weather out. Some of the courses 
are liable to decomposition when exposed to the weather. The stone is very distinctly laminated; it is not a pure 
limestone, but has considerable silica in its composition. It is most durable when laid in walls, as in the natural 
bed. The use of stone for construction is very general in Nashville, nearly every building of any prominence 
having considerable stone in its composition, and all new stores have fronts either entirely or partially of stone. 

Stone basement stories, with the upper portions of brick with stone trimmings, is a very common form of 
construction. The usual custom is to use the Nashville limestone below ground, and above ground a Nashville 
limestone, carefully selected, with Bowling Green superstructure and trimmings. There is a desire at present 
to substitute some other stone for the Bowling Green for the purposes of construction in which that material is 
now used. The capitol building is constructed entirely of stone; the pillars of the halls of the legislature and 
ornamental work, railings, etc., are of Hawkins and Knox County marbles. The stone used in the walls of the 
building is from the next to the lowest course of the Nashville formation. 

The Normal College buildings are of local stone. The basements of the Vanderbilt and the Fisk universities 
are of Nashville stone; the copings and trimmings are of Bowling Green limestone, and their foundations are of 
selected Nashville limestone. The new United States custom-house is constructed entirely of Bowling Green 
limestone. 

The ruling taste here at present seems to favor white building stone; two churches built many years ago are 
of Nashville limestone, and stuccoed to represent brownstone; another church is built of rough Nashville limestone 
of a bluish color. No granite is used in this city for building purposes. The stone used in cemeteries is chiefly 
Italian marble; however, the Knoxville marble is rapidly coming into use as a material for cemetery work, as it 
seems but little affected by exposure. There are some monuments of Quincy granite. There is a growing sentiment 
in favor of paving streets with stone, as the limestone now used in macadamizing powders rapidly, making an 
offensive dust in summer and mud in winter. Limestone of the Nashville, Cincinnati, or Hudson River formation is 
used for every character of work except fronts; it is frequently quarried in getting out foundations in such large 
quantities that it is given away. The walls of yards around the city are constructed of it; some with rough and 
some with dressed surfaces. Walls of buildings on the river and piers of the bridges are built of it; occasionally 
in handsome fences around large inclosures of fine residences, the corner and gate posts are constructed of Bowling 
Green limestone, and the wall around the capitol grounds is constructed of this material, 


NEW ALBANY, INDIANA. 


The percentage of stone construction in New Albany is small, the material chiefly used being brick and wood, 
with brick foundations under the frame buildings; but so far as stone has been used here it has shown itself to be 
substantial and durable, the materials being of superior quality.. There are no local circumstances unfavorable to 
stone construction, and the stones used are limestone from Salem, Indiana, and, to a limited extent, sandstone from 
the vicinity. The West Salem limestone was employed in the construction of the court-house. For foundations and 
underpinnings and for other ordinary purposes limestone from the vicinity is employed. The streets are largely 
paved with cobble-stone and limestone found in the neighborhood. But few of the sidewalks are paved; the stone 
used is limestone from New Albany and Vernon; curbs are of the same material. 


NEWARK, NEW JERSEY. 


Nearly all of the prominent stone structures in Newark are built of the Newark sandstone, but the elegant United 
States custom-house and post-office building and the large and massive county court-house are of Little Falls, New 
Jersey, sandstone. Nearly all of these buildings are large and costly structures, and the beauty and durability of the 
stone used are exhibited to good advantage in many of them. Some of the larger edifices are especially deserving of 
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notice. The extensive use of stone in Newark is to be explained from the fact that there are five quarries of sandstone 
within the city limits; three of them are now worked, employing from 100 to 200 men, and their product is valued at 
$150,000 to $200, 000 SALA There are many large and expensive private dwellings entirely of stone, and many 
with only stone fronts. Three bridges over Second river and 24 over the Morris canal are of Newark sandstone, 
and 24 miles of the Morris canal is walled with the same material. Six railroad bridges beside wagon bridges 
over the Passaic river have piers and abutments of Newark sandstone. One large trunk sewer is built of the 
same material, as are also many walls about lawns and cemeteries. The total length of improved and graded 
streets is 176.8 miles; of streets paved with cobble-stones, 28.76 miles; paved with granite and trap blocks, 4.89 
miles; Telford or macadamized streets, 12.21 miles; total of stone pavement, 45.86 miles. The total length of 
streets graded and improved but not paved is 130.94 miles. The narrow streets have sidewalks 4 feet in width ; 
other streets or sidewalks 5 and 6 feet in width. The material used in paving these sidewalks is the North River 
blue-stone. No brick is allowed to be used for this purpose. 


NEW BEDFORD, MASSACHUSETTS. 


Of the 22 buildings in New Bedford constructed entirely of stone, 19 are of granite quarried in the vicinity, 2 
of Rockport granite, and 1 of Quincy granite. At the entrance to New Bedford harbor is a large fort, while a smaller 
one guards the Fairhaven side opposite. They are both constructed of Cape Ann granite. Foundaliaie and 
underpinnings are of granite from the vicinity of the city and from Rockport. The streets are largely paved with 
cobble-stone from the vicinity; North River flagging stone is exclusively used in the sidewalks; curbs are of granite 
from Rockport, in the vicinity. 


NEW BRUNSWICK, NEW JERSEY. 


The comparative cheapness of brick has interfered with the use of stone both for building purposes and for 
sidewalks. The red sandstone quarried in the city was formerly used to a limited extent in cellar walls and 
foundations, but the quarries are now discontinued. This stone has not proved to be durable, crumbling slowly 
when exposed to severe frost. It is adapted to use in inside filling of walls only, and the greater durability and 
. cheapness of brick have enabled the builders to dispense with it entirely. North River blue-stone has a large use 
in building for steps, sills, caps, and other trimmings, especiallyin factoriesand storehouses. The college buildings 
afford examplesof good and poor stones and of materials improperly laid; the old college building rear wail contains 
some soft argillaceous sandstone, which tends to split, aithough laid as in its bed inthe quarry. In the west wall 
there are many stones which show clay-holes. The Geological Hall building has a few examples of stone from 
Connecticut quarries, which are laid with the lines of bedding in a vertical position, and they are beginning to chip 
or scale off, although the building has been constructed only ten years. The superiority of the Newark stone is 
apparent in comparing the general effect, and in the closer examination of the single blocks as they occur in these two 
structures—the Geological hall and the Kirkpatrick chapel. The Newark stone does not show the lines of bedding 
so plainly; it is more homogeneous in its composition, and its materials are not so much arranged on lines or in 
parallel planes as they are in the Connecticut stone which is ordinarily put on the market here. The durability of 
the Newark stone is displayed in the old college building, erected in 1809; the corners and edges are still sharp and 
well defined. The following are some of the principal structures of stone, with the materials from which they are 
constructed: Rutgers college (main building): Newark sandstone; Geological hall: Connecticut sandstone; Kirkpatrick 
chapel: New Jersey sandstone; First Reformed (Dutch) church: gneiss from New York; the Protestant Episcopal 
church and Saint Peter’s Roman Catholic church: New Jersey sandstone; residence of John Carpenter, residence 
of Sisters of Charity, and Bartel’s private residence: Connecticut sandstone; piers of the wagon bridge over the 
Raritan river at Albany street: Connecticut brownstone; Pennsylvania Railroad company’s bridge (8 piers and 
abutments): from Stanton, Hunterdon county, New Jersey, and gneiss from Conshohocken, Pennsylvania; the locks 
of the Delaware and Raritan canal: Trenton freestone, Greensburg quarries. These locks are 200 feet long, or 
250 feet including the wing walls; one is a double lock. 

The following is a statement of the amount and kind of stone street pavement in New Brunswick: 


Miles 

Granite block, Westerly, Rhode Islands granitic: «vc0. <0 or conn wanna acne voce eee eee eee ae esas ee to 

Cobble-stone. . 20.2) noi Ve se sister ale ies Dae eter as we oo wb Saad ciclo a Sie athe ie ae eee ese QS 

Telford macadamized road of trap-rock fas treses woee woecican = scccwa ches cutee GEE megaeeeetas dew a> out. aeaeeee 15 

Total stone: street pavemonticn =< se cbae sea cece se a2 = oe. cma celeron Ree ee een eae sacl od s. eine aera mea 
Nicholson wood pavement......---..-- bowcccee occces shee tee! Hee ROE Ten eccceccce se bensseacert ewe 
The sidewalk of North Rives ‘pias stone laid by eB atreet commission: 5. ce veues cee tees ine chcetmienecsdbenn odeeeue 8 


Curbstones, mainly of North River blue-stone. 
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NEWBURGH, NEW YORK. 


The nearest available source of building stone for Newburgh is the limestone quarries within 2 miles of the 
city. The material obtained there is used for foundations, underpinnings, and other work of that class; Connecticut 
brownstone and Haverstraw stone are also used for foundations. Of the stone buildings in the city the oldest is 
a story-and-a-half dwelling-house constructed of surface stones from the vicinity, and occupied by Washington 
as headquarters during the encampment at Newburgh. Saint George’s Protestant Episcopal church is an old 
building of blue limestone obtained west of the city. Saint Patrick’s Roman Catholic church is a new and large 
structure of blue limestone, a stone which is much disfigured by what seem to be argillaceous seams traversing 
irregularly the calcareous matrix. The darker shades of color in these clay seams give the whole a rather dingy 
appearance. The stone was obtained in part from the quarries west of the city and in part from Kingston, Ulster 
county; the latter stone has suffered more by exposure. It resembles in this respect the stone in the Second 
Reformed church in Kingston, and both show how much care is needed in the selection of limestone for fine work 
in prominent buildings. The First Presbyterian church, a very large, costly, and ornate edifice, constructed of 
graywacke and flagging stone quarried near Kingston, is trimmed with Ohio sandstone; the stone has retained its 
dark color, and does not show any signs of disintegration by weathering. The other buildings are small and private 
excepting the stuccoed Reformed Church edifice. Formerly brownstone from Haverstraw and Nyack was much 
used for door-steps and window-sills, but of late Connecticut brownstone and Ohio sandstone have been used almost 
exclusively, excepting the blue limestone from the neighboring quarries, which is used for rough work and cellar. 
walls. Brick here takes the place of stone to a very great extent in both foundations and superstructures. The 
sidewalks are all laid with blue flagging stone; in the older streets they are from 10 to 12 feet wide, and the stones 
are of irregular size and generally small. The more recently laid walks are 6 feet wide and are a single line of stone, 
The cost of paving some of the fine foot-sidewalks has been $1 per linear foot. The length of sidewalks is unknown, 
but amounts to many miles. The cobble-stone pavements measure 10,000 feet; the average width may be 40 feet. 
In the front of a single block in Water street the pavement is Belgian block. The sidewalks are all paved with blue- 
stone from Ulster county, with curbstones of the same. 


NEWBURYPORT, MASSACHUSETTS. 


There are but two buildings in Newburyport constructed entirely of stone, and the material used is Cape Ann 
granite. Foundations and underpinnings are usually of the same material, but Maine granite is used for the same 
purpose to a limited extent. With the exception of a very few public buildings, stone is used only in the 
underpinnings and foundations. It is observed that the Cape Ann granite, the stone chiefly used here, is of a light 
color when quarried and grows dark with exposure, but does not decay. The Peabody granite becomes of a 
yellowish-brown color after long exposure to the weather. A ledge has been recently opened about 2 miles above 
Newburyport, on the Merrimack, for the purpose of extracting stone for the construction of a jetty across the 
sand-bar at the mouth of the river. The material quarried is called by the workmen common stone or trap, 
Sandstone from Springfield has been used to a very limited extent for trimmings. The little stone street pavement 
in this city is of Maine granite; the sidewalks are not paved at all, and the curbs are of Maine and Cape Ann 
granites. 


NEW HAVEN, CONNECTICUT. 


In New Haven, as in most of the other cities of Connecticut, the brown sandstone from the Connecticut valley 
furnishes the chief part of the material for stone construction. The other materials used are granite from Long 
Island shore, gneiss from Ansonia, trap from the East and West rocks, and sandstone from East Haven and Ohio. 
The breakwater in New Haven harbor has been built partly of coarse granite from the Branford quarries; 
considerable of East Haven sandstone has been used in bridge approaches, abutments, and piers; some 2 or 24 
miles in length of the side walls of the old canal, in which the railroads cross the city, are built entirely of Hast Haven 
sandstone and trap, about equal quantities of each being used, and requiring between 8,000 and 10,000 cubic yards 
of stone. Some of the Ohio sandstone used in New Haven, notably in one building, contains iron pyrites, which 
oxidizes on exposure te the weather, giving the stone a soiled appearance. The only defect noticeable in the 
Portland sandstone is that it scales off if laid otherwise than as in the quarry bed. The basement story of the old 
state-house is of limestone, which has crumbled very badly, and the material has not been used in any other 
structures. Brown sandstone from Newark, Essex county, New Jersey, was employed to some extent in some of 
the Yale College buildings. For foundations and underpinnings trap and Kast Haven sandstone are the materials 
used. Most of the streets are telfordized with trap from the Kast and West rocks. The sidewalks are but little 
paved with stone; the material used is North River blue-stone, with, in a few instances, mica-schist from Bolton, 
Connecticut. The curbstones are chiefly North River blue-stone, but granite has been used to a limited extent for 


the same purpose. 
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NEW LONDON, CONNECTICUT. 


New London is built on granite rocks. Stone for cellars, foundations, and underpinnings is quarried almost 
anywhere within the city limits. The whole of the walls of the large Catholic church, and of another large granite 
church building, are built of stone quarried on the sites of buildings, the stone for trimmings coming from one of 
the quarries at Groton. The surface stone in New London, and also in neighboring quarries, is striped in appearance, 
not uniform, some pieces being more variegated than others. The color varies also considerably, but is always the 
same shade of gray. 

Only 1 per cent. of the buildings is of stone, which is due simply to the question of first cost. Forts Trumbull 

and Griswold are built of granite from Groton or Millstone point. 

The streets are but little paved with stone, and the material used for this purpose is the rectangular blocks of 
Groton granite. The sidewalks of the principal streets are paved with North River blue-stone and some Groton 
granite. The curbstones are Groton granite. 


NEW ORLEANS, LOUISIANA. 


The percentage of stone construction in New Orleans is very small. A large proportion of the houses are built 
of wood. The streets were all paved before the late war. There is one building, situated in the southern part of 
the city, entirely of rough-hewn stone from Sainte Genevieve. The custom-house is nearly all built of Quincy 
granite. Another building, on the corner of Royal and Canal streets, is built mostly of granite. A monument to 
General Robert E. Lee is now in course of construction ; the base is of Georgia granite; the foundation on piles, 
and transverse timbers in concrete; the shaft is of Knoxville, Tennessee, gray marble; and this latter material 
is very highly esteemed here. The few stone fronts are of Westchester, New York, snowflake marble and Sainte 
Genevieve limestone; a good deal of the latter material was formerly used. The chief material now used for fronts 
is iron; the amount of stone used for purposes of construction in New Orleans since the war is very inconsiderable. 
The Westchester limestone was considerably employed before the war, and also the Sainte Genevieve limestone, for 
tombs and fronts; at present a great deal of brick is used and stuccoed. The use of artificial stone in buildings 
and pavements is increasing. The stone used for ornamental purposes is usually Italian marble, with some Vermont 
marble. Some Quincy granite was formerly brought to the city and used for curbstones, flagging, and purposes 
of that nature; as it was usually brought as ballast in ships, the expense attending its use was inconsiderable. 
The water is so near the surface in New Orleans that it is impossible to have stone foundations; the customary 
way is to lay thick planks transversely and to place the brick immediately on them; they are sometimes creosoted, 
but usually last well below water. This system of foundations is considered better and less expensive than driving 
piles. The sewers consist of stone-faced gutters, through which the water passes every night from the river to the 
lake; 221,760 feet, or 42 miles, of blue-flint banquettes; 42,240 feet, or 8 miles, slate-stone banquettes; 15,840 feet, 
or 3 miles, Schillinger artificial stone; in all, 279,840 feet, or 53 miles, of stone banquettes. 

The following is a statement of the number of miles of stone street pavement: 113,520 feet, or 214 miles, of 
Quincy granite square-block pavement; 15,840 feet, or 3 miles, of other square-block pavement; in all, 129,360 feet, 
or 244 miles. 

The greater part of the street pavement is of cobble-stone, brought as ballast; 42 miles of sidewalk pavement 
are of North River blue-stone; 7 miles of slate. 


NEWPORT, RHODE ISLAND. 


The materials most used in the better class of stone construction in Newport are Connecticut brownstone and 
Newport granite. Fort Adams is built of Westerly and Fall River granite, together with some of the local slate. 
The macadamized Telford road is much used in Newport and the stone employed is the local granite. The 
foundations and underpinnings are built of Newport granite; the streets are but little paved with stone, and 
the material used is cobble-stones from Block island and from Nova Scotia. Asphalt manufactured at Providence is 
much used for street paving. The sidewalks in the business portions of the city are paved with Hudson River flags 
and asphalt. The curbstones are Hudson River blue-stone and Fall River granite. 


NEWTON, MASSACHUSETTS. 


The city of Newton includes Newton, Newton Center, Newton Upper Falls, Newton Lower Falls, Newton Valley, 
West Newton, and Auburndale. Of the stone buildings enumerated three are churches, three private residences, and 
one mill; one church built of Ohio sandstone was rebuilt from the old Chauncey Street church, Boston. The material 
for foundations and underpinnings is granite obtained from the bowlders found in the vicinity, with some Westford 
granite. The streets are not paved with stone; avery few of the sidewalks are paved with Westford granite, with 
curbs of the same material. 


= 
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NEW YORK CITY AND ENVIRONS. 
By Dr. ALEXIS A. JULIEN. 














City. : County. State. Population. 
GWE Y OK CUbV ccna eran am «cea den Sele eneci sepia r= ame ee sie ams de -ainie ws acide sensm rons asinine Nowe York site. «costseusnach New Yorks: 23-2 ssseweasece 1, 206, 590 
Brooklyn, including Williamsburg and Long Island City ...........-.-...-..-.--.---+----- Kanga ssaote Sete cecesn tease baeeree Cee rere, ae ep mer 583, 806 
ReaRIOLOU TOP Om (SLAUOMUIS LAIN) caer mates aiee mie ae sles he ea aiden Ae Ceainale ae mata) ca sins 3 a abs RAChMONC sence. seule. omen hiee ek C0sac eee aceceaneees 40, 000 
Jersey City, including Hudson City, Bergen City, Bayonne, and Greenville -.-...-..... feel) FRUMBOIER: coe ee eee cee New Jersey.2=-222--5-6-.-22- 120, 728 
Hoboken, including West Hoboken, town of Union, and Weehawken..-...--..-- peteieeteus Hrudsonise! see 5a. bre) ees Sel ee GO eee Ee 30, 999 








This district embraces the principal suburbs of the great metropolis, although the crowded trains and boats 
which constantly leave all the railroad stations and docks, especially in the morning and evening, point to the outer 
ring of suburban cities and villages, in the Hudson River counties, on Long island and in New Jersey, whose 
construction and enlargement chiefly depend for supply of material upon the stone- and brick-yards of New York 
island. 

The statistics embodied have been obtained from many sources, partly by direct counting of houses from street 
to street, etc., partly by the issue of circulars, and partly by personal application to stone dealers, stone-yards, ete. 

The courteous consideration with which,in general, my inquiries have been received calls for my special 
acknowledgment and thanks to a large number of persons, of whom I ought perhaps specially to name the 
following: James Wells, insurance agent, 167 Broadway; William E. Midgley, assistant secretary New York and 
Boston Insurance Company, Howard building, 176 Broadway; J. H. Langford & Co., insurance agents, 10 Pine 
street; the New York Board of Fire Underwriters; F. Collingwood, engineer in charge of New York approach, 
New York and Brooklyn bridge; David Acker, deputy commissioner of department of buildings, Brooklyn; James 
A. Baker, clerk of village of Edgewater, Staten island; J. Rk. Wardlaw, clerk, etc., Edgewater, Staten island; 
Miller & Simonson, West New Brighton, Staten island; John H. Cordes, real estate agent, 163 Harrison avenue, 
Brooklyn; Gill & Baird, John Vesey, Andrew Mills, New England Granite Works, Gillie & Walker, the Bay of 
Fundy Quarry Company, D. Hotaling, Brander, Boyd & Hutcheon, and Browne, McAllister & Co. 

In compliance with my request for specimens of stone, trimmed in accordance with the directions of the 
building-stone department of the census, many such specimens have been sent to the National Museum at 
Washington, sometimes with a duplicate intended for the American Museum of Natural History in this city. For 
these we are specially indebted to the following firms, so far as I have been notified: New England Granite Works, 
James Morgan & Co., the Bay of Fundy Quarrying Company, and Browne, McAllister & Co. 

My report is naturally divided into three parts: 

I. The buildings of New York and adjacent cities, etc., their numbers, and common materials. 

II. The building stones of these cities, described in some detail, their localities, and examples of edifices 
constructed of each variety. Public buildings and improvements, with description of materials employed ; materials 
of pavements and roofs; market prices of building stones. 

III. Durability of building stones in this district; agents of destruction; elements of strength and durability ; 
methods of trial; means of protection and preservation. (This will form the subject of another chapter, and will 
be found on pages 364 to 395. 

With a field so broad, and with imperfect sources of information, my report can hardly be free from errors and 
deficiencies; but every effort has been made to avoid them so far as time and opportunity have permitted. 


I.—_THE BUILDINGS OF NEW YORK AND ADJACENT CITIES; THEIR NUMBERS AND COMMON 
MATERIALS. 


It may be as well to state here that the published maps used by the insurance companies, in which the position 
and approximately the material of each building are supposed to be laid down, are far from accurate. Not only 
have thé additions and removals of buildings been in some cases imperfectly represented, but on many maps little 
attempt seems to have beer made to exhibit the nature of the material (¢. ¢., of the faces) of the buildings, whether 
brick or stone. It has been necessary to correct these points, for the purpose of the census, by personal examination 
of many districts. - 

The building statistics have been arranged (Table I) to indicate the exact materials of construction in each city, 
and in an approximate way, the number of buildings erected for special purposes and the selection of materials 
employed for them. These figures are almost entirely derived from personal inspection and actual counting of the 
buildings in the several districts. The city of New York comprises an area of 24,893 acres, which may be divided 
into three great districts, viz: 

1. District of wholesale business houses, comprising the entire area of the island south of the line of Canal and 
Rutgers streets, from the North (Hudson) river to the East river; also the buildings along the line of Broadway up 
to Fourteenth street. 
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2. District of small stores and tenements, comprising the area north of the line of Canal and Rutgers streets, 
and east of the Bowery and Third avenue, up to the Harlem river; also, the entire Twenty-third and Twenty-fourth 
wards, up to the northern boundary of the city at the Yonkers line. 

3. District of large stores and residences, comprising the area north of the line of Canal street, and west of 
the Bowery and Third avenue, up to the Harlem river at Spuyten Duyvil. 

In the city of Brooklyn the lines are much less sharply and easily drawn; however, three districts may be 
distinguished : | 

1. District of warehouses, tenements, etc., comprising wards Nos. 2, 4, 5, and 12, and portions of Nos. 1 and 6; 
i. e., the area bounded by the following line: East river, Hudson avenue to Willoughby avenue; Willoughby avenue 
to Fulton street; Fulton street to Furman street; Furman street to Atlantic avenue; Atlantic avenue to Hicks 
street; Hicks street to Cole street; Cole street to Clinton street; Clinton street to Rush street; Rush street to 
Gowanus bay; along shore of Gowanus bay; Buttermilk channel to Fulton street, East river. 

2. District of residences and small stores, comprising the rest of the city, including Williamsburg. 

3. District of small residences, comprising the suburb called Long Island City (population 17,117). 

The statistics of Jersey City, Hudson county, New Jersey, were gathered in two divisions : 

1. Jersey City, including Hudson City and Bergen City, La Fayette, and Communipaw. 

2. Bayonne and Greenville. 

The statistics of Hoboken, Hudson county, New Jersey, have been gathered under three heads: 

1. Hoboken proper. 

2. West Hoboken and town of Union. 

3. Weehawken. 

It has been thought desirable to make this subdivision of the statistics, in reference to these small and, in many 
cases, at present unimportant places, in view of the enormous growth by which they are liable to be affected in the 
vicinity of the great metropolis. 

Finally, as a matter of general interest, and for the purpose of proper comparison with the other great cities 
of the world, all the statistics above mentioned have been summed up under the head of New York city and its 
suburbs. 

It may be here noted that a general improvement in the character of the building materials employed is 
constantly in progress in all these cities, so that the number and proportion of stone buildings have in many cities 
been sensibly increased since the year 1880; to which date all the statistics in this report, so far as possible, have 
been made to conform. 

A consideration of this table presents the following chief points of interest: 


NEW YORK. 


Stone enters into the construction, chiefly as fronts, of 11.6 per cent. of all the buildings of the city. Of the 
entire number of stone buildings, 89.4 per cent. consist of sandstone, and the several varieties of stone occur in the 
following proportion: 


Per cent. 
Brown sandstone 225.502. 5 se comics be Sere ee ee ee eT ee ret ae ae eT a Te ea ee 78.6 
Nova Scotia and Ohio sandstones se ccecne concen ee Be cee ee ae ee ee ae ene ne eee 10.6 
Marble... 2 wo cn ceiwcvis wale eee tec ces ee Ee te cc en ee eee rs ees Cnt eee 7.9 
Gramitie oo. 5 2ek sdk ssc Sein pctowd See ee ee ee ot Re NL oes 1.8 
Gineiss .. 2 os conc cnccd es setae ees eee cere reese Oe er ae a kek. eae ee 0.9 
Foreign sandstone... .... sevececscne sncnus bers aceneecuenbeme emuibectlicesis feces acs coke at ee ee Out 
Blue-stone and limestone. 225 to ore ae ce ee ee eee Jone noes wee oeecrte ates 0.1 


The materials of general construction in the city occur in the following proportion to the total ‘number of 
buildings: 


Per cent. 
Brick, terra-cotta, stu6éc0, O66. aca soos sade cade eens Heguaneweeegpeceens Dod ces cee aie eee ated 63. 2 
Frame, ¢. ¢., wooden in part, filled in with brick. /.<-< ssJcsg ede cae cece mesic cestc cece cee ee neeene re ereee bce 24.3 
BtONG 22. . soe epee ewes n cceuce meses bucme cee a naemee cas cei i aie tei he ete oe ae aaa Ee 11.6 
TrOW ones os bow cloe who fa loosie wade Fee ee SRE a Ae eee ee 0.9 


In the business district brick predominates (77 per cent.), and most of the marble, and somewhat less than half 
of the iron buildings occur. The remaining iron buildings are mostly found on the large business streets in the 
other districts. . 

The tenement district still consists of frame buildings to the extent of 31.7 per cent., nearly half of the entire 
number in the city. Stone constitutes only 5.5 per cent. of the fronts, though largely employed in the trimmings ; 
and iron and marble are rare. Brick somewhat predominates (62.6 per cent.). 

In the residence district brick also predominates (60.9 per cent.), but stone is largely used (14.6 per cent.), 
teluding 70 per cent. of all the stone buildings of the city. However, the district comprises, in its unsettled and 
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partially-built areas, the greater part (55 per cent.) of the wooden buildings of the city. Here most of the stucco 
buildings occur, but their number (166) is very small, particularly in comparison with their abundance in the 
metropolis of England. 


BROOKLYN. 


Stone is here employed in a proportion (9 per cent.) a little less than that of New York (11.6 per cent.), and in 
much less variety, the Connecticut brownstone predominating (95.7 per cent.) in the entire number of stone 
buildings. This stone is employed altogether for the residences throughout the city. Very few iron buildings 
occur, but there are over three times as many stucco fronts as there are in New York. The frame buildings 
constitute half of the entire number (50.9 per cent.), especially predominating in the outskirts, as in Long Island 
City (80.5 per cent). 


STATEN ISLAND. 


Stone enters in a very small proportion into the construction of fronts of buildings on this island (5 per cent.), 
though it is commonly employed for trimmings, walls of inclosures, and other masonry. Brick is largely employed, 
especially in the towns and villages (9.5 per cent.), but the common material is wood (90 per cent). 


JERSEY CITY. 


In the suburbs of this city the proportions of stone and brick employed are very similar to those on Staten 
island. But in Jersey City proper the predominance of frame houses is much less, the buildings amounting to 1.9 
per cent., and the brick to 25.9 per cent. The selection of the dark trap-stone from the heights behind the main 
city for the construction of many fronts or of entire buildings is a peculiar local feature. 


HOBOKEN. 


The materials of construction in the suburbs of this city, upon the top of the trap ridge, etc., are similar in 
proportion to those on Staten island and in the suburbs of Jersey City. In Hoboken proper the proportion of 
stone buildings is large (3.9 per cent.), and the brick buildings constitute over half (52.7 per cent.) of the entire 
number. 


THE METROPOLIS. 


Finally, in regard to the whole district, it will be seen from the table that stone enters into the construction of 
the fronts of 9.1 per cent. of all the buildings of this city, though it is employed otherwise to an enormous extent for 
foundations, trimmings, walls, copings, stoops, etc. I have not been able to obtain sufficient data for the estimation 
of the entire import of stone into the city; but some idea of the vast expenditure involved in the construction 
of our buildings may be derived from the reports of the superintendents of the building departments of New York 
and Brooklyn, and have suggested the following by a writer in the Am. Arch. and Building News, 1878, Vol. ILI, 
page 71: 

It would seem from it that the average cost of a new building in New York city has been $13,741, and that with some additions of 
work, not formerly reported to the superintendent, the aggregate sum spent in adding to the plant and material on Manhattan island 
has reached the enormous sum of about $350,000,000. 

From the annual reports of the committee on the fire patrol to the New York board of fire underwriters, of 1881 
and 1882, the statistics given below have been extracted : 


Number of buildings in New York city south of Fifty-ninth street: : 
Soutiots Canglestreouswesn Ole DlOAd Wa Varna seem serena stele leans ae nel wcle se sleet ecciess cas ina cece. 3, 555 











South of Canal and Rutgers streets, east of Broad way.....-.. 2-20 eee cee ce ceccceecnccee ce cncces 6, 998 
10, 553 
Lower district, south of Canal street: 
Between Canal and Fourteenth streets, west of Broad way..--.. ...22- seecee coc cee ne ee nee nee nee 10, 219 
Between Canal and Fourteenth streets, east of Broadway ....-.-- sscces cecece woes cecees cece ne nee 16, 481 
-——. 26,700 
Lower central district, between Canal and Fourteenth streets: 
Between Fourteenth and Fifty-ninth streets, west of Fifth avenue..............-. 2200-2 222-5 20, 559 
Between Fourteenth and Fifty-ninth streets, east of Fifth avenue ...... 2.20. .2e eee eee ee ene nee 13, 256 
33, 815 
Upper central district, between Fourteenth and Fifty-ninth streets: 
North of Fitty-ninth street, weet of Fifth;avenue. 1... - 22. = cee cnne cece ccc ccc cen sacs cues enes 6, 372 
NoreH. of Bitcy-ninth street, east of Fifth avenue, ies os. 5 ook wc ccc tcrees ceceneonsascaenes sce esn 12, 374 
Upper district, between Fifty-ninth street and Harlem river............---- naacnd anda anoeetaenesece ign 18, 746 





New York city, Battery to Harlem river............. RRMe ss sien tnanensaas wees udeocunadapqudes uusnshasvces 89, 814 
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The area comprised by the enumeration does not include that of the Twenty-third and Twenty-fourth wards: 
north of the Harlem river, and the total, therefore, falls below that of the last column of the table given on page 
329. The materials of construction are reported as follows: . 





Brick, with stone trimmings and in part with stone facings jl as cave tacee cry ise em kee enn fo Aen eee = Gee 64, 783 
Brick and frame. .--..-------- 2-22 ee een eee eee tee ce ene eee enn ee cent tenn reer n cee e ne cece n een eeee 3, 616 
Frame... .----- 22 ene nnn ee nnn een eee ce nnn cece tenn ween meee cen eee cence emcee en www won pee nne cone 21, 415 

Total 22 vews woc.n cbc bb nn Sea ce dae ydiec dis oes anise clen(sleeie sic mines) mie Vials = = Oleigia dian la pela eat abe seine wa S ela ain a'aioi~ 89, 814 





Of this number the stores amount to over 5,300, whose value, at an average of but $100,000 each, might be 
estimated at $53,000,000. 

Another enumeration of the number of buildings in New York city is now being carried on by committees of 
the fire department, but will not probably be completed for many months. 





IL—THE BUILDING STONES. 
A. VARIETIES, LOCALITIES, AND EDIFICES. 


The series of buildings employed in New York and adjacent cities is rich and varied, comprising materials 
derived by water carriage from most of the sea-ports of New Brunswick and New England, and from many points 
along the Hudson river, and by railway from the interior of all the New England and middle states, even as far 
west as Indiana. 

The only careful description of our American building stones yet made is found in the report of Dr. J. 8. 
Newberry on the building stones displayed at the exposition at Philadelphia in 1876, and it will suffice for the 
object of this report to quote freely from the descriptions of varieties there given. It may be also remarked that 
from time to time various building stones have been brought to this market from numerous quarries of limited extent 
which have soon become exhausted; e. g., the granite from Dix island. So large is the number of building stones, 
and so scattered are the sources of information concerning them, that some of subordinate importance may very likely 
not be included in the following list. In most cases prominent examples are given of the use of stone in the larger 
or public buildings of the city, both as ashlar for fronts and as the trimmings of buildings mainly constructed of brick. 

The materials most commonly in favor for facings of the fronts of our buildings consist of red pressed brick, 
which is glaring and offensive to the eye; white marbles, which are at first too bright, but soon assume a dirty 
cream-colored tinge of discoloration; drab or olive-gray freestones, which rapidly become discolored by blackish- 
gray stains on fronts exposed to the north and east, and brown freestones or brownstones, very generally used for 
the ashlared fronts of residences. This latter stone presents rather a somber and cheerless aspect under a cloudy 
sky on a winter day, and imparts a great monotony to the appearance of our cross-streets ; nevertheless, under 
the bright sky and brilliant atmosphere of many days of spring and winter, and above all of the summer in New 
York, it is not trying to the eye nor glaring like brick or marble or the light-colored granites and freestones. 

The following details have been gathered partly from my own observation and that of my assistants, but for 
many particulars, especially in regard to examples of construction, I have been indebted to various persons, and 
I have not been able to verify them all: 

FREESTONE (sandstone).—Shepody mountain, Hopewell, Albert, New Brunswick. Pale olive-green, and of 
medium fineness; uniform texture and tint, and of good strength; is a durable and serviceable stone, generally 
admired for its color (J. S. Newberry). Derived from the Millstone Grit formation. Examples of construction. 
(See Freestone of Dorchester, New Brunswick.) 

FREESTONE (sandstone).—Mary’s Point, Albert, New Brunswick. Colors, salmon, olive, and dark brown. 
Derived from the Lower Carboniferous formation. Examples of construction: The Reformed church, corner of 
Vifty-seventh street and Madison avenue; the fence surrounding Central park, the bridges, fountain, basin, and 
most of the freestone masonry in the park; also the similar masonry in Prospect park, in Brooklyn. 

I*REESTONE (sandstone).— Wood Point, Westmoreland county, New Brunswick. Color, dark brown. Examples - 
of construction. (See below.) 

FREESTONE (sandstone).—Sackville, New Brunswick. Derived from the Lower Carboniferous formation. 
Examples of construction. (See below.) ‘ 

FREESTONE (sandstone)—Harvey, New Brunswick. Derived from the Lower Carboniferous formation. 
Examples of construction. (See below.) 

FREESTONE (sandstone).—Dorchester, New Brunswick. Derived from the Lower Carboniferous formation. 
Examples of construction: Stoops and part of trimmings of Normal college, Sixty-eighth street and Lexington 
avenue; building of New York Historical Society, corner of Second avenue and Eleventh street; part of the wall 
and bridges in Central park. Trimmings of the Academy of Music, Montague street, Brooklyn. 

FREESTONE (sandstone)—Weston, New Brunswick., Derived from the Lower Carboniferous formation. 
Examples of construction: Part of the wall and bridges in Central park. 
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FREESTONE (sandstone).—Kennetcook, Hants county, Nova Scotia. Colors, olive and blue. Derived from 
the Lower Carboniferous formation. It is also used for grindstones. Examples of construction. (See below.) 

General examples of the construction in the “ Nova Scotia” stone: Church in Twenty-fifth street, east of Fifth 
avenue; hotel Bristol, Forty-second street, near Fifth avenue; churches: Madison avenue, near Fifty-seventh street ; 
Yourteenth street, west of First avenue; Fourteenth street, west of Sixth avenue; Fifteenth street, east of Third 
avenue; Sixth avenue, near Fifteenth street ; Twenty-first street, east of Second avenue; Thirty-fourth street, east of 
Seventh avenue; Forty-second street, west of Seventh avenue; Lexington avenue, near Forty-sixth street ; 
Lexington avenue, near Sixty-third street; Seventy-sixth street, east of Third avenue; Highty-ninth street, east of 
Madison avenue; bank, Broadway, Brooklyn. 

FREESTONE (sandstone).—East Longmeadow and Springfield, Massachusetts. Derived from the Triassic 
formation. 

FREESTONE (brown sandstone or brownstone).—Portland, Connecticut. ‘Some varieties are laminated in 
structure and liable to exfoliate when used as ashlars and set on edge.” This stone imparts a somber monotony 
of tone to the architecture of our cities. Color light to dark reddish-brown, inclining to chocolate ; texture varying 
widely in fineness, but usually coarser than the similar freestone from Belleville, New Jersey. Examples of 
construction are abundant in the residences throughout our cities, e. g., on the northwest corner of Fifty-seventh 
street and Fifth avenue: Academy of Design, in Brooklyn, Montague street, west of Fulton. 

FREESTONE (sandstone).—Middletown, Connecticut. Derived from the Triassic formation. Examples of 
construction: Trinity church, corner of Clinton and Montague streets, and the Methodist Episcopal church, 
on northwest corner of Clinton and Pacific streets, in Brooklyn. 

RED SANDSTONE.—Potsdam, New York. The oldest of all the sandstones, belonging to the Potsdam period of 
the Lower Silurian formation. Color, a warm reddish brown, slightly mottled and striped with white; structure, 
decidedly laminated, in thin parallel sheets, often crossed obliquely by obscure fissure lines of lighter color. It is 
quite refractory, and has been used for lining of iron furnaces. Examples of construction: Quoins, trimmings, 
and basement of residence in Fifth avenue, near Thirty-fifth street; dressings, string-courses, ete., of building of 
Columbia college, Forty-ninth street and Madison avenue. 

BROWN SANDSTONE.—Oswego, New York. Example of construction: Part of first story of Masonic temple, 
Twenty-third street and Sixth avenue. 

FREESTONE (brownstone).—Newark, New Jersey. Examples of construction: Churches on corner of Forty- 
eighth and Fifty-fifth streets and Fifth avenue; the synagogue, on Fifth avenue; church on corner of Madison 
avenue and Fifty-fifth street; Trinity Church school, on Church street; Trinity chapel, on Houston street; trimmings 
of buildings at Thirty-second street and Broadway, ete. 

FREESTONE (sandstone or ‘“‘ brownstone”).—Belleville, New Jersey. Derived from the Triassic formation. 
Colors, brownish-gray, light brown, light reddish-brown, and light orange- brown. Generally finer grained and more 
compact than the stone from Connecticut. Examples of construction: House on northeast corner of Fiftieth street 
and Madison avenue; Church of the Messiah, northwest corner of Thirty-fourth street and Park avenue; trimmings 
of many residences in Madison avenue, ¢é. g.,on northwest corners of Sixty-seventh, Sixty-eighth, and Sixty-ninth 
streets, etc.; Baptist Church of the Epiphany, southeast corner Madison avenue and Sixty-fourth street; two 
shades of this stone presented in the church and chapel, Madison Avenue Methodist Episcopal church, northeast 
corner Madison avenue and Sixtieth street; Presbyterian church, corner Fifty-fifth street and Fifth avenue; Jewish 
temple, corner of Fifty-fifth street and Lexington avenue, with trimmings of Ohio stone; trimmings of Harney 
building, 16 Wall street; Seventh Ward bank; Mills building, corner Broad street and Exchange place, and many 
bridges in Central park; Fort La Fayette; houses on corner of Fifty-seventh and Ninety-third streets and Fifth 
avenue, and corner of Twenty-eighth street and Madison avenue. 

FREESTONE (brown sandstone).—Little Falls, New Jersey. Derived from the Triassic formation. Example 
of construction: Trinity church, Broadway and Wall street. 

FREESTONE (brownstone).—Base of Palisades, New Jersey. Derived from the Triassic formation. Example 
of construction: Part of the wall in Central park. 

FREESTONE (brownstone).—Hummelstown, Pennsylvania. This has been largely used in Philadelphia, and is 
said to be an excellent variety. Example of construction: Building on Fifth avenue, above lorty-first street. 

FREESTONE (sandstone).—Ambherst, northern Ohio. Belonging to the Lower Carboniferous or Waverly series. 
Fine-grained, homogeneous sandstone, light drab in color, made up chiefly of grains of quartz; color, permanent. 
An excellent building stone. Example of construction: Building corner of Barclay street and Broadway, erected 
twenty years ago. 

FREESTONE (sandstone).—East Cleveland, Ohio. Color, drab and dove-colored. Derived from the Waverly 
and Coal Measures. 

FREESTONE (sandstone).—Independence, Ohio. Color, light drab, and coarser than the stone of Amherst. 
Derived from the Waverly and Coal Measures. 

FREESTONE (sandstone).—Berea, Ohio. Derived from the Waverly and Coal Measures. Not quite so fine 
grained as the Amherst; alight bluish-gray, generally a strong and durable stone, sometimes liable to discoloration 
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by decomposition of pyrites. Examples of construction : New York Clipper building; block on corner of Cliff and 
Fulton streets; Church of Transfiguration; west side of Sixth avenue, above Twenty-seventh street; Decker’s: 
building, in Union square; churches: One hundred and ninth street, near Madison avenue; One hundred and 
sixteenth street, near Third avenue; South Fifth street, near Canal; Bond building, on Broadway, next Trinity 
building; front of Rossmore hotel, Forty-first street and Broadway; trimmings of house, northwest corner of Forty- 
third street and Madison avenue; Williamsburg Savings bank, corner Broadway and Fifth street, Brooklyn, eastern 
district (with basement and pilasters of Quincy granite); Berea hall, Brooklyn, ete. 

BuENA VISTA FREESTONE (sandstone).—Portsmouth, Scioto county, Ohio. This belongs to the lower part 
of the Waverly series. Itis finer grained and less siliceous than that from northern Ohio, “and has generally a more 
decided bluish tint when freshly quarried, but becomes lighter and more yellowish on exposure.” It varies in. 
color from brown, dove-colored, banded and mottled red and yellow to black. 

Though some varieties of this stone are liable to stain and exfoliate, from the oxidation of the contained iron, as a general rule it is- 
an excellent and very handsome stone, taking rank with the best and handsomest of the freestones of the country.—J. 8. N. 

FREESTONE (sandstone).—Waverly, southern Ohio. Derived from the lower part of the Waverly series. 

Within a few years a considerable quantity of stone, which is known in New York by the name of “Carlisle” or 
“Scotch” stone, has been brought into New York as ballast. It is not the English stone known by the former 
name in England, but comprises three varieties of Scotch sandstone, here called merely by the name of the English 
port at which the stone is shipped, Carlisle. Each stone will be separately considered : 

1. CORSEHILI. FREESTONE (sandstone).—Corsehbill, near Annan, in Dumfries county, about 60 miles west of 
Glasgow, Scotland. Derived from the new red sandstone. Color, dark red to bright pink; close grained; weathers. 
well, works easily, fit for ashlar, and well adapted for carving and for columns. Examples of construction: 
Trimmings of Murray Hill hotel, Park avenue and Forty-first street; stables on south side of Sixty-second street,. 
between Park and Madison avenues; house corner of Fifty-seventh street and Fourth avenue ; mantels in residence 
corner of Fifty-second street and Fifth avenue; trimmings of the Berkshire building, northwest corner of Madison: 
avenue and Fifty-second street. 

2, BALLOCHMILE FREESTONE (sandstone).—Ballochmile, Forfarshire, Scotland. A little darker in color tham 
the Corsehill stone. Derived from the Carboniferous formation. Examples of construction: Two houses in west 
Seventy-eighth street; house in Fifty-seventh street and Seventh avenue. 

3. RED FREESTONE (sandstone).—Gatelaw bridge, 30 miles from Ballochmile, Dumfriesshire, Scotland. About 
equal in quality and perhaps superior in beauty to the Corsehill stone, but much superior to the Ballochmile 
stone. Example of construction: The only building constructed of this stone is the house on southeast corner of 
Forty-second street and Fifth avenue. 

RED SANDSTONE.—Frankfort-on-the-Main, Germany. Example of construction: Building in Sixty-eighth 
street, east of Third avenue. 

BLUE-STONE (graywacke).—Albany, Delaware, and Greene counties, New York. The Greene County stone is- 
obtained from some heavier beds in the Portage group, along the base of the Catskill mountains, and is shipped at. 
Malden, on the Hudson river. 

It is one of the very best flagging stones in the world. It may be quarried in slabs of almost any desired thickness or dimensions, . 
the different layers varying much in this respect. The natural surfaces of these strata are comparatively smooth, and form a good walk 
without dressing. The stone comes from the Hamilton group of the Devonian system, and forms a belt of outcrop extending from 
Kingston on the Hudson to Port Jervis on the Erie railroad, and thence southward. It is a fine-grained sandstone, generally dark blue 
in color—whence its name—and is very strong and durable. When ground or sawed it forms a very smooth surface, and yet one that 
always has a tooth or grain which holds the foot well, whether wet or dry. In this respect sandstones are much superior to granites and. 
limestones, which become slippery and dangerous when wet.—J. 8. N. 

Examples of construction: Part of the bridges and wall in Central park. 

MONTROSE STONE (blue-stone).—Kingston, Ulster county, New York. <A variety more pinkish in color than 
ordinary blue-stone, but about the same in hardness and general characteristics. Examples of construction: Two 
stables in Fifty-first street, between Seventh and Eighth avenues; penitentiary on Blackwell’s island; flooring of 
casemates in forts of the harbor; trimmings of National Academy of Design, Twenty-third street and Fourth 
avenue (with casing); porch of house, 15 East Thirty-sixth street; house in Fifty-seventh street, two doors west of 
Fourth avenue. 

WYOMING BLUE-STONE (graywacke and flag-stones)—Pond Eddy, Long Swamp, the Narrows, Lackawaxen, 
near and in Pike county, Pennsylvania, and across the Delaware river in New York. This stone is mostly shipped 
to Rondout by the Delaware and Hudson canal. Thickness of the flags and beds, from 2°to 18 inches. It is used 
for window- and door-sills, step-stones, water-tables, platforms, cellar, prison, and casemate floors, sidewalks, curbs, 
gutters, the bases of tombstones, candy tables, ete. 


The blue-stone is the best; when it is struck with the hammer it has a metallic ring; and the finer the grain of the stone the better, 


because it is more apt to be smoother, tougher, harder, and truer over the face than a coarse-grained flag.—The Manufacturer and Builder,, 
1876, VIII, 138. 


Examples of construction: The basement of residences, Thirty-fourth and Fifty-eighth streets; a building in 
Seventeenth street, on Stuyvesant square; trimmings of Produce Exchange building. 
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FREESTONE (limestone)—CAEN STONE (oolite) CAEN.—Normandy, France. This stone is of a pale cream- 
yellow color, of a loose, open grain, soils the fingers like chalk, and is very friable. It is very soft when first 
quarried, but hardens on exposure; is easily worked, sawed and carved, but weathers very badly; weighs from 
116 to 142 pounds to the cubic foot. Examples of construction: The former Nassau bank, corner of Nassau and 
Beekman streets, built in 1828; the reredos in Trinity church; the Tontine building; six residences in West Ninth 
Street, between Fifth and Sixth avenues, erected in 1857; the dormitory in Sixteenth street, adjoining the New 
York hospital on the Fifth Avenue side; house next to church, Fifth avenue and Twenty-ninth street; the plinths, 
bands, and cornices of church and parsonage on southeast corner of Nineteenth street and Fourth avenue; bands, 
mullions, ete., of oriels and general trimmings in Trinity chapel. 

LIMESTONE.—Lockport, New York. 

This comes from the encrinital layer of the Niagara group, and is a gray limestone thickly set with fossils, most of which are the 
joints of crinoids. Some of these are tinged with red, while others have a blue or opalescent shade, all of which give an agreeable 
variety to the color of the stone. It is less hard than the true marbles, and as a consequence takes a less brilliant polish and is more 
Sean Rae va When properly wrought, however, it is quite handsome, and is considerably used for mantels and other purposes.— 

Examples of construction: Lenox library, Fifth avenue and Seventieth street, and the dressings of apertures, 
bands, posts, ete., of the Presbyterian hospital, Madison avenue and Seventieth street. 

OOLITIC LIMESTONE.—Ellettsville, Monroe county, Indiana. Example of construction: Office building in 
Cortland street, next to Coal and Iron Exchange building. 

OOLITIC LIMESTONE (“Indiana limestone” or “Bedford stone”).—Bedford, Lawrence county, Indiana. 
Examples of construction: Residences on northwest corners of Fifty-second and Fifty-seventh streets and Fifth 
avenue; Smith building, Cortland street; lowest story of Appleby Flat building, at Seventh avenue and Fifty- 
ninth street, and a similar building at Eleventh avenue and Eighty-fourth street; Bridge building, Fourteenth 
street; rectory, on Fifty-fifth street. 

LIMESTONE.—Kingston and Rondout, New York. Examples of construction: Part of anchorages, approaches, 
and base of towers of New York and Brooklyn bridge. 

LIMESTONE.—Isle La Motte, lake Champlain. Examples of construction: Part of the anchorages and towers 
of New York and Brooklyn bridge. 

LIMESTONE.— Willsborough point, lake Champlain, New York. Examples of construction: Part of anchorages, 
approaches, and base of towers of New York and Brooklyn bridge. 

LIMESTONE.—Greenwich and Mott Haven, Connecticut. Examples of construction: Part of wall in Central 
park. 

GRANITE.—Bay of Fundy, Nova Scotia. 

It contains almost no mica; is of moderately fine grain, the groundwork composed of a bright, light red orthoclase, mottled with 
perhaps one-fourth of the quantity of bluish quartz, and one-tenth or less of black hornblende. It isa very tough and compact rock, 
and takes as high and uniform a polish as any other variety of granite known.—J. 8. N. 

Examples of construction: The columns of the Stock Exchange building. 

RED GRANITE.—Calais, Maine. 

It is composed of pale red orthoclase, with a smaller quantity of a lighter feldspar, possibly albite, with quartz, hornblende, and a 
little mica. It takes a fine polish, is homogeneous in texture and color, and well deserves the good reputation it enjoys.—J. 8. N. 

GRANITE.—Bluehill, Maine. Light gray in color, and of good texture. Example of construction: The United 
States barge-office, Battery. 

GRANITE.—Morgan’s bay, East Bluehill, Maine. 

A compact, homogeneous, light gray granite, composed of relatively large crystals of white orthoclase, with fine grains of glassy 
quartz and specks of black mica. In color it is one of the lightest of New England granites, and from the preponderance of feldspar, 
the absence of hornblende, and the granular condition of the quartz, it will work with unusual facility and will prove a handsome and 
durable stone.—J. S. N. 

The stone is handsomely mottled and susceptible of a high polish. Examples of construction: Part of the 
towers and approaches of the New York and Brooklyn bridge. 

GRANITE.—Spruce Head, near Rockland, Maine. 


A clear, mottled, white and black syenite, which consists of nearly equal parts of snow-white orthoclase, glassy quartz, and black 
hornblende. The constituents are firmly united, making it a strong and durable stone, which takes a brilliant polish. The quantity of 
hornblende in it and the striking contrast in color between this and the feldspar give it a peculiar bright lively tint, which renders it one 
of the handsomest of the gray granites.—J. 8. N. 


Examples of construction: Part of towers of New York and Brooklyn bridge; bridges of Fourth Avenue 
improvement; Jersey City reservoir; hospital building for Sailors’ Snug Harbor, Staten island. 
RED GRANITE.—Red Beach, Maine. 


This is a fine-grained granite, of which the general complexion is reddish, but less positively so than that of most so-called red 
granites. It is composed of pale red and creamy white feldspar, with smaller masses of smoky quartz, fine grains of black hornblende, 
and specks of black mica. It takes a good polish and is undoubtedly a strong and durable stone. In quality it will take equal rank with 
the Jonesboro, and Calais red granites, from which it differs chiefly in its greater fineness of mottling.—J. 8. N. 
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GranirE.—Hurricane island, Maine. A gray stone of good quality and susceptible of high polish. Examples 
of construction: Portions of the New York docks; part of the towers and approaches of the NewYork and Brooklyn 
bridge; part of the New York post-office. 
GRANITE.—East Boston, Fox island, Maine. 


A very fine grained stone, having the general complexion of the Westerly granite, but differing from that by showing a faint 
pinkish blush in its feldspar. In this respect it resembles the ‘harbor granite” of Fox island, of which it is indeed only a fine-grained 


variety.—J. 8. N. 

GRANITE.—Deer island, Maine. A light gray and biotitic granite. Example of construction: The grain 
elevator of the New York Central Railroad. 

GRANITE.—Vinal Haven, Maine. Light gray and rather coarse. Examples of construction: Sailors’ Snug 
Harbor, Staten island; the Butler monument at the mausoleum in Greenwood cemetery, ete. 

GRANITE.—Saint George, Maine. Fine-grained and compact. Example of construction: The pedestal of the 
La Fayette monument at Union square. , 

GRANITE.—Augusta, Maine. A compact and fine-grained granite, containing both muscovite and biotite, and 
capable of receiving a good polish. Examples of construction: Mills’ building, corner of Broad street and Exchange 
place; monument to Recorder Hackett; Roberts tomb in Woodlawn cemetery; Wood’s tomb in Greenwood 
cemetery, etc. 

GRANITE.—Biddeford, Maine. Examples of construction: A railroad elevator in Jersey City; docks along the 
North river, ete. 

GRANITE.—Pownal Centre, Maine. Sometimes used for paving in New York city. 

GRANITE.—Harbor, Fox island, near Rockland, Maine. - 

A coarse-grained, handsome mottled granite, composed of very pale pink and white feldspar, mingled with relatively fine grains of 
quartz and hornblende. Its general tone of color is reddish gray blotched with white, and quite pleasing to the eye. It takes a good 
polish.—J. S. N. 

Examples of construction: Part of the towers of the New York and Brooklyn bridge; the basement of the 
Stock Exchange building. ; 

GRANITE.— Hallowell, Maine. 

A very light, fine-grained stone, consisting chiefly of white orthoclase feldspar, with relatively fine grains of glassy quartz, specks of 
black hornblende, and minute scales of silvery mica. This latter gives the stone a peculiar ylitter and adds greatly to its beauty without 
seriously affecting its strength. Dressed surfaces are almost as white as white marble, and, where polished, the spangles of mica buried 
beneath the surface reflect the light and sparkle like diamonds. From the small quantity of quartz and the presence of mica, the 
Hallowell granite works with usual facility, both in the quarry and under the chisel; yet it takes a good polish and is as strong and will 
prove as durable as most of the esteemed varieties of this stone.—J. S. N. 

Examples of construction: Finish of door-jambs, windows, etc., of Saint Patrick’s cathedral, Jersey City 
heights; Ludlow street jail; the Tribune building; the ‘Halls of Justice” or “Tombs” prison, in Centre street. 

GRANITE.—Round Pond, Maine. A dark gray and compact biototic granite. Example of construction: The 
Seventh Regiment armory. 

GRANITE.—Clark’s island, Maine. 

GRANITE.—Mount Waldo, Maine. 

GRANITE-—Musquito mountain, Maine. 

GRANITE.—Jonesboro’, Maine. Examples of construction: Part of the panels at entrance of Williamsburg 
Savings bank, Brooklyn; the front of Welles building, on the corner of Broadway and Beaver streets, New York ; 
the Hunnewell building, ete. 

GRANITE.—Frankfort, Maine. A coarse, compact, and generally porphyritic gray biotitic granite. Example of 
construction: Part of towers and approaches of New York and Brooklyn bridge. 

GRANITE.—Mount Desert island, Maine. A light gray biotitic granite. Examples of construction: Part of 
towers and of the Brooklyn approaches of the New York and Brooklyn bridge; Metropolitan Museum of Art; fort 
Schuyler, ete. 

GRANITE.—Radcliffe’s island, Maine. Examples of construction: Bridges in Central park. 

GRANITE.—Dix island, Maine. <A dark gray, compact granite. This quarry is now exhausted. Examples of 
construction: New York post-office; first base-course of Saint Patrick’s cathedral; court-house in City Hall park; 
part of Staats Zeitung building ; fortifications in the harbor; docks at Castle Garden, and the retaining-walls for 
the basin and barge-office. 

GRANITE.—Concord, New Hampshire. Examples of construction: Booth’s theater; German Savings bank, 


corner Fourteenth street and Fourth avenue (basement, Quincy granite); part of towers and appxeaches of New 
York and Brooklyn bridge. 


GRANITE.—Saint Johnsbury, Vermont. 
A gray stone of excellent quality and established reputation.—J. S. N. 
GRANITE.—Bethel, Vermont. 


A nearly white granite of a homogeneous texture, but not highly polished. It must be an admirable stone for special uses, but it is 
probably less durable than some of the more siliceous and compact varieties.—J. 8. N. 
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GRANITE.—Barre, Vermont. 

This stone has been proved by ample trial to be an excellent stone for architectural and monumental purposes... It is light gray in 
color, of medium fineness, very homogeneous, and firm.—J. 8. N. 

GRANITE.—Cape Ann, Massachusetts. Example of construction: The dark base stone and spandrel stones of 
the towers and approaches of New York and Brooklyn bridge. 

GRANITE.—Quincy, Massachusetts. 

A well-known stone consisting of quartz, feldspar, and hornblende without mica. The color varies considerably, and affords 
opportunity for the exercise of taste in combination and adaptation to different purposes. This variation of color is due to differences in 
the feldspar of the different beds. In one it is pale green, in another purplish-blue, and in the third pale pink. The black hornblende, 
which exists in considerable quantity, is the same in all, as is also the glassy quartz. The stone is susceptible of a high polish, and its 
strength and durability are amply attested by the trials to which it has been subjected. As a whole the Quincy granite is rather 
somber in tone, and on this account is for many purposes less desirable than the lighter varieties.—J. S. N. 

Examples of construction: The Astor house ; Reformed church, in La Fayette place, corner of Fourth street; 
custom-house, Wall street, corner of William; part of trimmings of Normal college, and Hahnemann hospital, 
Fourth avenue and Sixty-seventh street; part of Staats Zeitung building; Tryon row, between Center and Chatham 
streets. 

GRANITE.—Westerly, Rhode Island. 

This is a remarkably fine grained homogeneous stone, chiefly composed of pale-pinkish or brownish-white orthoclase and thickly 
set with minute grains of black hornblende and oceasional specks of black mica. It takes a fine polish, and is justly esteemed as one of 
the best granites in the country.—J. 8. N. 

One variety is decidedly pinkish in color; the others gray, fine, and coarse-grained ; all of good quality. Also 
red, white, and blue varieties. Hxample of construction: Part of Brooklyn anchorage of the New York and 
Brooklyn bridge. 


GRANITE.—Thomaston, Connecticut. 


It is lightest in color of all the granites exhibited at Philadelphia; is fine-grained, compact, and homogeneous, and is a remarkably 
beautiful and excellent stone, specially adapted to monumental work, for which it is largely used and highly esteemed.—J. S. N. 


GRANITE.—Millstone point, Connecticut. 


A dark gray granite of fine, homogeneous texture, showing strong contrast of color between polished and dressed surfaces.— 
J.S.N. 


GRANITE.—Leetes island, Connecticut. 

It is a reddish-gray, rather coarse-grained gneiss; a handsome building stone, but taking an imperfect polish, and is not well 
adapted to ornamental purposes.—J.S.N. 

Example of construction: Bridge over Harlem river. 

GRANITE.—Mystic Bridge, Connecticut. 

A very fine grained, light to dark gray granite, homogeneous in texture, and handsome.—J.8. N. 

GRANITE.—Stony Creek, Connecticut. 

Pale red in color, of medium grain, and consists of flesh-colored orthoclase, greenish-white oligoclase, and glassy quartz, with specks 
of black hornblende and magnetic iron. Minute points of pyrites may also sometimes be seen in it. It is a strong, compact, and 
handsome stone, having an agreeable tint, taking a high polish, and has been proved by trial to be well adapted for both construction 
and ornament.—J. 8. N. 

Another variety is a gray, fine-grained stone of good quality. Example of construction: Part of New York 
anchorage of the New York and Brooklyn bridge. 

GRANITE.—Umpewaug, Norwalk, Connecticut. 

This is a rather fine grained, pinkish gray granite, homogeneous and compact; a good building stone.—J. S. N. 

RED GRANITE.—Lyme, Connecticut. 

Very coarse grained, composed mostly of pale red or flesh-colored feldspar mottled with a whiter variety and glassy quartz; it is 
also specked and streaked with hornblende. From the preponderance of coarsely crystallized pale red orthoclase 1n its composition, it has 
a@ more uniform tint than any other red granite shown in the exhibition, and on this account, should it prove sound and strong, it will be 
a valuable addition to the varieties now in use for architectural and ornamental purposes.—J. S. N. 

GRANITE.—Niantic, Connecticut. Light gray and fine grained. Example of construction: Reservoir in Central 
park. 

GRANITE.—Saint Lawrence county, New York. Derived from the Laurentian formation. 

GRANITE.—Cornwall, New York (highlands of Hudson river). Derived from the Laurentian formation. 

GRANITE.—Charlottesburg, New Jersey. Example of construction: Part of the New York anchorage of the 
New York and Brooklyn bridge. 

GRAY GRANITE (Aberdeen granite)—Rubislaw, near Aberdeen, Aberdeenshire, Scotland. This occurs in 
large blocks, takes a fine polish, and is grayish in tint. It is of metamorphic origin, according to Haughton, and 
consists of quartz, orthoclase, and black mica. The city of Aberdeen is built from it. 

GRAY GRANITE (Aberdeen granite).—Rubislaw, near Aberdeen, Aberdeenshire, Scotland. This stone is 
considered the best granite adapted as pavement for the traffic of London, as it is very durable and less slippery 


than most other granites. It was used in England in the London pavements, the Portsmouth and Sheerness docks, 
VOL. Ix——21 BS 
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Bell Rock light-house, Waterloo bridge, and upper side of London bridge, and in many polished columns and 
stones of buildings throughout New York city, Brooklyn, ete. Its weight per cubic foot varies from 165 to 166 
pounds. f . 

RED GRANITE (Peterhead granite).—Sterling Hill, near Peterhead, 30 miles from Aberdeen, Scotland. This 
is the best and most beautiful of the granites of Scotland. Its weight per cubic foot is about 166 pounds. It 
is used in the columns and building stones of numerous edifices in all the cities of Great Britain, where it is justly 
esteemed for the beauty of its color, closeness of texture, and the large blocks it yields from the quarry. It contains. 
red orthoclase, albite, black mica, and quartz, and has been considered eruptive by Dr. Haughton. 

British examples of construction: Pillars of Carlton club-house; the Fishmongers’ hall, London. Columns for 
interior of Saint George’s hall, Liverpool. Columns in Provincial Bank of Ireland, Dublin. 

The Scotch granites are justly esteemed for their beauty of color and closeness and uniformity of texture. * * * The popularity 
of the Scotch granites, excellent as they are, is not due however to any superiority over the granites of the United States, but rather to 
their early occupation and subsequent possession of the market. No stronger or more durable stone is likely to be found anywhere than 
the granites of Peterhead and Aberdeen, but they do not surpass in beauty or excellence the red granites of the Bay of Fundy and 
Gananoque, and the more esteemed varieties of red and gray granite from New England.—J. 8. N. 

Examples of construction in the United States: Many polished columns and stones in the fronts and entrances 
of many buildings throughout New York, Brooklyn, ete. 

SYENITIC GRANITE.—The granite of Syene (syénite rose d’Egypte) occupies large tracts in Upper Egypt between the first cataract and 
the town of Assouan, the ancient Syene, including several islands both above and below the cataract. It was extensively quarried by 
the Egyptians as far back at least as the reign of Zestos, king of Thebes, one thousand three hundred years before the Christian era, and 
fashioned into columns, obelisks, sarcophagi, and colossal statues which have lasted with but little injury down to the present day, and 
adorn the cities and public galleries of modern Europe. These quarries may still be traced at intervals, and the marks of the pick and 
chisel are stillfresh. * * * It consists of large crystals of red orthoclase, sometimes in twins, and porphyritically developed, a. 
little yellowish oligoclase, quartz, and dark mica, with occasionally a little hornblende. Sometimes the orthoclase crystals are of very 
large size, and the whole rock extremely coarse grained. The general color of the rock is reddish, and it takes a fine polish, 


The analyses of Egyptian granite (or ‘‘syenite”), from a fragment of an antique in the collection of the 
Louvre, Paris, by Professor Delesse, yielded the following results: Silica, 70.25 per cent.; alumina, 16.00; oxides. 
of iron and manganese, 2.50; lime, 1.60; magnesia, potash, and soda, 9.00; water, 0.65. Examples of construction: 
The obelisk and pedestal in the Central park, New York city. The masonry at the base of the pedestal consists of 
nummulitic limestone from Egypt. 

GNEISS.—New York island. This rock occurs in two common varieties: the one biotitic, fine-grained, often 
slaty, bluish-gray in color, and consisting of quartz, plagioclase, feldspar, biotite, with more or less garnet, 
magnetite, fibrolite, etc.; the other, hornblendic, black, glistening, slaty, and differing from the former chiefly in 
a large content or predominance of black hornblende. Examples of construction: The foundations of most of 
the buildings of the city; side walls of Saint Paul’s church, corner of Broadway and Fulton street; church, 
Thompson street near Prince; Church of the Strangers, Mercer street, near Clinton place; All Saints church, Henry 
street, near Scannel street; Henry Street church, Henry street, near Market street; church, Henry street, near 
Rutgers street; church, Centre street, corner of Broome; basement of Irving hall, on southwest corner of Irving 
place and Fifteenth street; church, Twentieth street, west of Eighth avenue; church, Twenty-third street, east of 
Third avenue; Bellevue hospital, Twenty-seventh street, east of First avenue; church on southeast corner Thirty- 
eighth street and Madison avenue; asylum for the blind, Thirty-third street, near Ninth avenue; church, 
Thirty-fourth street, east of Seventh avenue; church, Madison avenue, near Thirty-eighth street; church, Forty- 
fourth street, east of Tenth avenue; church, northeast corner of Forty-seventh street and Madison avenue ; 
church, Fifty-third street, east of Sixth avenue; church, Seventy-second street, near Third avenue; church, 
Seventy-fourth street and Fourth avenue; church, One hundred and seventeenth street, near Fourth avenue; 
church, One hundred and twenty-seventh street, near Lexington avenue; part of church of the Holy Spirit, 
corner Sixty-sixth street and Madison avenue; first story of Berkshire building, on northwest corner of Fifty-first 
Street and Madison avenue; basement of New York foundling asylum, on southwest corner Third avenue and 
Sixty-ninth street; New York Juvenile Asylum, One hundred and seventy-eighth street (Kingsbridge road) ; 
Saint Ann’s Avenue church, One hundred and fortieth street; church, Third avenue, near One hundred and 
forty-sixth street; Saint John’s college, Fordham; cemetery office, Woodlawn; Methodist church, Washington 
place; church on northwest corner Washington place and Sixth avenue; Croton aqueduct, and the reservoirs at 
Fifth avenue and Forty-second street, and in Central park (quarried from site); Church of Saint Paul the Apostle, 
Ninth avenue and Fifty-ninth street (facings, red Connecticut granite); foundations of the Lenox hospital, 
Seventieth street and Madison avenue; basement of the Berkshire building, northwest corner of Madison avenue 
and Fifty-second street; the tower, bridges, and walls in Central park. 

GNEISS.— Westchester county, New York. Examples of construction: Many bridges and walls in Central park. 

GNEISS.— Willett’s Point, Kings county, New York (Long island, on the shore of the sound). Examples of 
construction: Fort Schuyler, at Throgg’s Neck, Long island. In Brooklyn: Church, State street, west of Bond 
Street; church, Carroll street, south of Court street; church, Marey avenue; naval hospital, near Harrison 
avenue; church, Fourth street, near Broadway; church, Kent street, east of Franklin avenue. 
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MARBLE.—Swanton, Vermont. 


All the Swanton marbles have the excellencies and defects of those of Mallett’s head—that is, they are hard and somewhat difficult 
o work, but take a proportionately fine polish, which they retain longer than softer stones. The mistake is frequently made of using 
these mottled, veined, and brecciated marbles for tiling, but this sort of wear speedily betrays the difference in hardness of the several 
parts and destroys their beauty; hence economy as well as good taste will be consulted by using for steps, thresholds, tiling, etc., the 
monochrome marbles only.—J. §. N. 

Examples of construction. (See below.) 

STATUARY MARBLE.—West Rutland, Vermont. Brilliant, white, somewhat tender and absorbent, and hence 
best fitted for use when it is not exposed to the weather. Similar marbles are also brought from Rutland Centre, 
Dorset, Danby, Pittsford, Brandon, Shelburne, and Middlebury, Vermont. Examples of construction. (See below.) 

MARBLE.—Manchester, Vermont. A rather coarse, white stone, streaked or clouded with black or gray. 
Examples of construction: Building of Drexel & Morgan, corner of Wall street and Broadway, New York; Dutch 
Reformed church, corner of T'wenty-ninth street and Fifth avenue. 

MARBLE.—Sutherland Falls, Vermont. 

General examples of construction in Vermont marbles: The Sutherland building, southeast corner of Sixty- 
third street and Madison avenue (beginning to be discolored by iron stains, chiefly derived from iron work); Savings 
Institution building on southeast corner of Clinton street and Atlantic avenue, Brooklyn. The latter building shows 
streaks of discoloration on moidings of cornices, ete. 

- WINOOSKI MARBLE.—Mallett’s head, on Isle La Motte, in lake Champlain, near Burlington, Vermont. 

It is mottled red, white, and brown, a hard stone, and somewhat difficult to work, but takes a high polish, and is very strong and 

durable. There is considerable variety in the tint of the Winooski marble, produced by the relative preponderance of the colors 


mentioned, and the size of the figure, some slabs being coarsely motled with white and brown, others chocolate and pale red, and others 
still light red, speckled, and mottled with white.—J. S. N. 


Examples of construction: The reredos of Grace church, Broadway, between Tenth and Eleventh streets, 
New York. 

MARBLE.—Isle La Motte, Vermont. 

These marbles are dark gray and black; the latter is less deep in color than the Glens Falls and Lycoming black marbles, but is 
harder and stronger. It is largely used for tiling in combination with white marble or slate; for this purpose it has been in use for 
twenty-five years, proving itself to be an exceedingly durable and serviceable stone. The “ fine gray” and ‘‘ coarse gray” are valuable 
building stones.—J. 8. N. us 

MARBLE.—Lee, Massachusetts. 


The Lee marble is for the most part of a uniform though not brilliant white color, is coarser grained than the Vermont marbles, 
and yet finer than those of New York. It is a strong and durable stone, but contains a little iron, by the oxidization of which it becomes 
somewhat brown on exposure: It is doubtful whether its strength and durability are materially impaired by this, and the change of 
color which it produces is by some architects regarded as an excellence rather than a defect.—J. 8. N. 

It usually contains a little pyrites, but isa remarkably white marble. Example of construction: Saint Patrick’s 
cathedral, Fifth avenue and Fiftieth street. 

MARBLE.—West Stockbridge, Massachusetts. 

It is similar in character to that from Lee, resembling coarse loaf-sugar.—J. S. N. 

Examples of construction: The east, south, and west fronts of the old city hall, New York; the Treasury building 
in Wall street. 

MARBLE.—Canaan, Connecticut. 


It varies somewhat in color and texture, some of it being very white and of fine grain, and well adapted to monumental purposes; 
the greater part, however, is bluish-white or mottled. This is harder to work, more durable, and best suited for building.—J. 8. N. 


MARBLE.—Glens Falls, New York. 


This is a very dark phase of the Trenton limestone. It has been little, if at all, metamorphosed, and is simply a hard limestone 
impregnated with carbonaceous matter, to which it owes its color. It is less hard and black than the most esteemed black marbles, but 
serves an excellent purpose for tiling, and is sometimes used for mantles and other interior decorations. Like all the black limestones, 
it will be found tv lose its color and become gray by exposure to the weather.—J. 8. N. 

MARrBLE.—Lockport, New York. (Already mentioned under Limestone.) 

MARBLE.—Hastings, New York. Example of construction: The University building, University and Waverly 
places, often spoken of as “ white granite”. 

MARBLE.—Tuckahoe, New York. 

The quarries which furnish the Tuckahoe marble are located on one of the several belts of crystalline dolomite which traverse, with 
a north-northeast and south-southwest bearing, the country north of the city of New York. Of these, one reaches New York island, 
crossing the Harlem river at Kingsbridge; another outcrops on the sound, near New Rochelle; still others strike the Hudson above New 
York, at Hastings, Dobbs ferry, Sing Sing, ete. Several of these furnish good marble for building stone—gray, blue, or white—but none 
that is fine for decorative purposes. The best marbles yet obtained from these series of deposits are those of Tuckahoe and Pleasantville. 
The Tuckahoe marble is pure white in color, and much coarser in texture than any of those hitherto noticed. It is somewhat irregular 
in quality, but the better grades are highly esteemed for architectural purposes, and have been used in some of the finest buildings in the 
city of New York. * * * By exposure in the impure atmosphere of the city, its color changes to a light gray. This is apparently due 
to coarseness of texture, which’ gives a roughness to the surface and causes the smoke and dust to adhere to it more closely than they 
would to a finer stone.—J. 8. N. 
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‘Examples of construction: The residence on the northwest corner of Thirty-fourth street and Fifth avenue; 
part of Saint Patrick’s cathedral, Fiftieth street and Fifth avenue ; the Stock Exchange building, and the New 
York Life Insurance building. 

SNowyLAKE MARBLE.—Pleasantville, Westchester county, New York. 

The dolomite belt in which the Pleasantville marble quarries are situated is one of the broadest known, being more than half a mile 
in width. It consists chiefly of beds of impure dolomite, white or banded, which contain too much siliceous matter to be available for 
building or ornamental purposes, with some layers, often of considerable thickness, of pure white marble, in part similar to that of 
Tuckahoe, and partly still more coarsely er ystallized. The beds are more or less interstratified with layers of granite and gneiss, the 
whole series standing nearly on edge among the marble layers in this locality; the most conspicuous and valuable is that which is worked 
by the Pleasantville Land Company, and which furnishes the ‘‘snowflake marble”. This belt is about 400 feet wide, standing vertical, 
and consists throughout of pure white dolomite, almost without cloud or stain, and with no foreign matter.—J. S. N. - 

This stone weathers well in New York, but is apt to become stained, especially under window-sills. Examples 
of construction: The greater part of Saint Patrick’s cathedral, New York; Union Dime Savings bank, Thirty- 
second street, between Sixth avenue and Broadway. 

General examples of construction in Westchester marble: Block of houses on east side of Fifth avenue, between 
Fifty-seventh and Fifty-eighth street; the National Academy of Design, Fourth avenue and Twenty-third street ; 
city hall, Brooklyn; court-house and municipal building; (?) Grand opera house, Highth avenue and Twenty-third 
street; (?) church on northeast corner of Twenty-first street and Fourth avenue; Stewart’s store buildings, Broadway, 
between Chambers and Reade streets, and between Ninth and Tenth streets; many store buildings in Chambers, 
Warren, Murray, and Barclay streets, Park place, etc.; the United States hotel, corner of Fulton and Pearl streets. 

MARBLE.— Williamsport, Lycoming county, Pennsylvania. The ‘ebony marble” from this locality is one of 
the most beautiful of American black marbles. 

It is a jet-black stone, not quite equal to the Belgian biack in purity of color and hardness, but it is very black, and takes a brilliant 
polish. It contains a few specks of pyrites, and here and there a hair-line ring of white, marking the section of a fossil; but it works 
with great exactness, and seems to be an excellent, as it certainly is a handsome, stone.—J. 8S. N. 

MARBLE.—Knoxville, Tennessee. 


This is a highly-crystalline, compact, and hard marble, which varies in tint from brown to pink, but is not mottled, the color being 
distributed in sheets and belts, so that blocks of considerable size can be taken out, which are of nearly a uniform shade. Usually the 
color is pinkish-brown, traversed by lines of blue. It is free from cracks and flaws, and takes a very uniform and brilliant polish.—J. 8. N. 


Examples of construction: Ninth National Bank building; Park National Bank building; Grand Central 
hotel; Cisco building, ete. 

MARBLE.—Doughertyville, Tennessee. 

The prevailing tint of the Tennessee marble is chocolate, mottled with pure white, and is very pléasing to the eye. It is also 
commended by marble-workers as being sound and strong, and it takes, for a variegated marble, a high and uniform polish.—J. 8. N. 

MARBLE.—Carrara, Tuscany, Italy. Derived from the Jurassic, Trias, and Oolite. 


The best quarries are opened along both sides of a deep valley, in which the village of Carrara is situated, and along which flows the 
Torano. In general the marble has a light bluish hue, or is white with bluish veins, such kinds being generally sawed into slabs at the 
numerous cutting and polishing mills situated along the course of the stream. The purer varieties, which are perfectly white, crystalline, 
and free from flaws, are quarried in blocks, sometimes 10, 12, or 14 feet in length, for statuary purposes, and drawn on strong wagons by 
teams of bullocks down to the railway station at Carrara.—Hull. 


Its weight per cubic foot is 168.6 pounds. Examples of construction are abundant in mantels and interior 
decoration throughout our cities, and in the tombstones in Greenwood, Trinity, and Calvary cemeteries. 

TRAP.—Palisades at Jersey City heights, Weehawken, etc., in Hudson county, New Jersey. Examples of 
construction: Stevens’ institute, Hoboken, New Jersey, and the court-house and Saint Patrick’s cathedral, Jersey 
City heights. 

TRAP.—Graniteville, Staten island, New York. This is quarried almost entirely for pavements in the cities, 
and the refuse is crushed up to macadamize roads. 

NORWOOD STONE.—Closter, New Jersey. Example of construction: Grace Episcopal church, One hundred and 
sixteenth street, near Third avenue. 

SERPENTINE.—Hoboken, New Jersey. Examples of construction: Many private residences south of Stevens’ 
hill; the wall facing part of the walk along the river; sewers and underpinnings, etc., throughout Hoboken. 

SERPENTINE.—Chester, Pennsylvania. This stone is cheap and durable, and hardens by exposure. 

This is a well-known coarse green building stone, quite largely used in Philadelphia and elsewhere. * * * It almost immediately 
assumes the appearance of age, which comports well with certain kinds of architectural design, and with the purposes of certain 


structures. It is also used in combination with other materials (brick and stone) with good effect, so that it adds an important element 


to the resources of our architects. The color is yellowish-green, it works with great facility, is fire-proof, and is probably durable.— 
J.S.N. 


Examples of construction in serpentine and serpentine marble: Trimmings of synagogue on the southeast 


corner of Lexington avenue and Sixty-third street; arches in Saint Bartholomew’s church, Madison avenue and 
Forty-fourth street. 
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B. PUBLIC BUILDINGS AND IMPROVEMENTS. 


Many examples have been given of the common private edifices in whose construction the several varieties of 
building stone have been employed in this district, often, however, according to the caprice of owners and the 
hasty choice of architects. In the construction of many of the larger buildings, however, e. g., asylums, hospitals, 
etc., the sunken portion of the Hudson railroad, as well as in the public edifices, more care and judgment seem to 
have been often exercised, and more interest is attached to the selection of materials in these cases. | 

1. PUBLIC BUILDINGS.—More or less reference has already been made to the materials used in the construction 
of the United States buildings, ¢. y., the post-office, custom-house, barge-office, etc., and further details are given 
below of the character of construction in the fortifications of the bay and sound, in their approaches to the city. 

It is sufficient to state in reference to other public buildings that their usual materials are given below, viz: 

Prisons, bridges in parks and over the Harlem river—sandstone, limestone, granite, and gneiss. 

The sewers—gneiss from the island and vicinity, and bowlders of a large variety of rocks derived from the 
excavations in glacial drift. 

The Croton aqueduct, the high bridge over the Harlem river, and the reservoirs in the Central park and 
Prospect park, and at Forty-second street, New York city—granite from New England and gneiss from the 
island. 

2. THE CENTRAL PARK.—In the report of the superintending engineer of the Central park for the year 1862 
the following facts are given concerning the distribution of different building stones in the inclosing-walls, bridges, 
ete., within this park. 

Freestone from Albert quarry, New Brunswick (also walls, etc., in Prospect park, Brooklyn); from Dorchester 
and Weston, New Brunswick, and from New Jersey—vertical wall and bridges. 

Brown sandstones from base of Palisades, New Jersey—part of vertical wall. 

Mountain graywacke and blue-stone from Hudson river, New York—part of vertical wall. 

Limestone from Mott Haven and from Greenwich, Connecticut—part of vertical wall; granite from Radcliffe’s 
island, Maine—bridges; gneiss, in park, bridges and retaining-wall, and lower portion of vertical wall; gneiss and 
white marble from Westchester county, New York —bridges. 

3. FORTIFICATIONS.—Fort Richmond: granite from Dix island, Maine; fort Lafayette: brown sandstone (New 
Jersey); the fortifications at Willett’s point: granite from Spruce Head, Maine; fort Schuyler (on Throgg’s Neck): 
gneiss; fort Wadsworth, on Staten island, fort Hamilton, and fort Diamond are of Maine granite, as are also the 
defenses on Governor’s, Bedloe’s, and Ellis islands. 

4. New YORK AND BROOKLYN BRIDGE.—I am indebted to Mr. F. Collingwood, the engineer in charge of 
the New York approach, for the following statistics, which have been compiled from his letters : 

Materials used.—Granite, from the following localities: Frankfort, Maine; Concord, New Hampshire; Spruce 
Head, Maine; cape Ann, Massachusetts; Hurricane island, Maine; Westerly, Rhode Island; East Bluehill, Maine; 
Stony Creek, Connecticut; Mount Desert island, Maine, and Charlottesburg, New Jersey. Limestone, chiefly from 
Rondout and Kingston, New York; also, from Isle La Motte and Willsborough point, lake Champlain; and from 
near Catskill, New York. 

Distribution.—In the anchorages the corner-stones, exterior of cornice and coping, and the stones resting on 
anchor-plates consist of, granite from Charlottesburg and Stony Creek, in the New York anchorage, and from 
Westerly, in the Brooklyn anchorage. The rest of the material is entirely limestone, partly from Rondout, largely 
from lake Champlain. In the towers limestone was chiefly employed below the water-line, and, above it, granite 
from all the localities named, except Charlottesburg, Westerly, and Stony Creek. In the approaches the materials 
were arranged in about the same way as in the towers. 

Total quantities—The amounts of granite and limestone employed are estimated in round numbers as follows: 








Cubic yards. Authority. | 

| 

Anchorages......-..- 10, 000 F, Collingwood. 
"TLOWere! hui sae ceummese 85, 159 EK. E. Farrington. | 
Approaches.......--. 21, 000 FI. Collingwood. | 








‘In addition to the hewn stone considerable quantities of rabble were employed from various sources, but largely 
from Greenwich, Connecticut. 

Selection.—The reasons for selection were the following: first, soundness, in regard to durability, and freedom 
from iron; second, color; third, price, with reference also to facilities for prompt delivery. As a rule all the 
cornices, parapets, and other cross-cut work and band-courses were required to be light in color. The granite for 
these was largely from East Bluehill; also from Westerly, Stony Creek, etc. On the contrary, base stones and 
spandrel stones were required to be dark. For these granite from cape Ann, etc., was used. The limestone was 
employed partly for cheapness and partly on account of greater specific gravity, as weight was desirable at the base 
of the towers and in the anchorages. 
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Strength._—Tests were made at the bridge works by Mr. Probasco on a number of samples of stones, in blocks 
2 inches square, or with about 4 square inches of surface, with the following results: 























Kind of stone. Locality. Position. Deanne tans x 
Granite: <5<--.--- Weran kort, Maine. se mere eaten nlm me oie Onibed ious .ee ce 18, 026 
DO sseske dese sec setae CO soccosskic cee seve roumw ate ueEmtae Not on bed....... 15, 700 
D0} Saeete vetoes Spruce Head, Maine.............---. On hed 2-3.) -_-5. 14, 200 to 15, 875 
Doles eee eee East Bluehill, Maine....-.........-.. ssn OO caininciae cameo 12,125 to 16, 250 
DOs esas Long Cove; Maine. 22 eects arene aap LO een easels 14, 040 7 
Ose ce -pececaks Concord, New Hampshire.....--..---- 25-00: seme wars reinat 17, 550 
Syenite ..-......- Cape Ann, Massachusetts..-......... ----d0....---------- 12, 861 to 19, 280 
Dey assecmebsipeeess OOs- 4p Sasaps = osc cuteietaeeamaieee sted Not on bed...... 17, 875 
Granite... ....-- Quincy, Massachusetts........-....-- On bed 2. -35,-6-5 18, 000 to 19, 600 
DOs. ceeeeatene Millstone point, Connecticut .....--... its SAO soe ce sues 17, 425 to 17, 550 
Sandstone.......- BUCS Biv nek re cemssoee ior Got Gere soe Not on bed..-....- 11, 880 
Blue-stone.. ....-- Hudson rivers: ome .2 see sees cero e On bedecsee.- sek | 9,000 to 13, 000 
DO aeons ec lee cies GOi-'242 «tery ake cad teespeee cone eram Not on bed.....-- 11, 482 
Limestone ....... Kingston; New, Monk 2.0-e-aemauee On Ded greases ee ane | 13, 750 to 15, 550 











[These figures have been incorporated in Table II.] 


5. ROOFS, PAVEMENTS, AND SIDEWALKS.—Roofs.—Slate is very largely used for most roofs having a steep 
pitch. Many varieties are used, which are mainly derived from the following localities: Purple and green—Poultney, 
Castleton, and Fairhaven, Vermont; red— Middle Granville, New York, and Slatington, Lynnport, Bethlehem, etc., 
Pennsylvania. 

Pavements.—The streets of these cities are mainly paved with stone, many experiments having been made, 
particularly in New York, in reference to the selection both of the best material and most satisfactory shape. Itis 
a well-known fact that Broadway tests pavements more severely perhaps than any other street in the world. 

For cobble-stone pavement bowlders and large pebbles from the till of the island are employed. It is found 
that the pointed ends of the cobble-stones, lying downward, have a tendency to sink unequally under heavy pressure, 
and that consequently hollows form in the pavement, rendering the roadway impassable. 

The Russ pavement was first laid about the year 1853. It becomes smooth and slippery by uninterrupted 
travel. It consists of large square granite blocks, sometimes grooved, and answers temporarily, but the grooves 
are found to wear smooth at their edges. An attempt to groove the blocks already laid down led to the discovery 
that— | 

The surface of these stones had, by constant rubbing with iron horseshoes and wheel-tires, aided by atmospheric action, undergone 
such a physical (or chemical) change that the hardest steel tools could not cut the grooves, and the effort had to be abandoned. (a) 

In order to increase the durability of the Russ pavement it was constructed in two layers in some portions of 
Broadway, the lower consisting of large, irregular, angular pieces of rock laid in the earth. Elsewhere large 
flag-stones were laid below, then a layer of earth, and then the large blocks of trap or granite. However, the result 
was unsatisfactory. The whole of the pavement has been broken up, and the Blocks split into smaller cubical pieces 
for use in Belgian pavement elsewhere. 

The stones for these [Belgian] pavements are obtained across the Hudson, where the range of basaltic rocks overlying the new 
red sandstone, and forming the eastern boundary of the state of New Jersey, contains many quarries. The Palisades, one of the natural 
wonders of the neighborhood, is a perpendicular range of basalt rocks from 300 to 600 feet high, forming the western bank of our 
beautiful river for a distance of some 20 miles. They are, in fact, a series exposed by nature, and the quarrying is going on so extensively 
there that some papers have expressed the fear that these picturesque walls will be destroyed; but a simple calculation shows the mass 
of basalt to be so immense that it would require several thousand years of constant labor at the present rate to make any great change in 
the outline. There is paving stone enough there for all the streets of New York, Brooklyn, Williamsburg, Jersey City, Hoboken, Hudson 
City, in short of the future great metropolis, covering several hundred square miles, and yet leave enough of the Palisades to be abont as 
much of a natural curiosity as they are now. (b) 

Still later, in place of basalt, a very hard kind of granite has been substituted, from the highlands of the: 
Hudson, cut in flat blocks 10 by 12 inches square and 44 inches thick, set edgewise, with longest dimension across 
the line of travel. “The pavement when laid looks much like a brick wall composed of very large gray bricks.” 
This form appears more satisfactory in use than any previously employed. This has been also laid down in Atlantic 
and Myrtle avenues, Brooklyn. 

Wood, concrete, and asphalt have been also used, in various combinations, on many of the streets, but in New 
York with little success, on account of the heavy wear to which they have been exposed; in Brooklyn the results 
have been more satisfactory. An enormous amount of trap, however, has been crushed and broken for use in 
macadamizing, and is still so employed in the upper avenues of New York island and in many of the streets in the 








a Manufacturer and Builder, 1869, I, 194. b The Manufacturer and Builder, 1869, I, 194; also 1874, VI, 157. 
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Twenty-third and Twenty-fourth wards; in many avenues and side-streets on the outskirts of Brooklyn, Jersey 
City, and Hoboken, and many of the streets and roads on Staten island. For this purpose the supply of material 
is inexhaustible. 

Some idea of the quantity and cost of the stone and other materials that have been consumed in New York 
city for this object, may be deduced from the following estimate, made in 1874: 


’ Cost per 
Miles. ‘square yard, 
Pi CneL MOLUC LOU TN DLO VOU Iam aes ease et aia lod nn a tn os ah hon tan Oo ew damrets caw. srainc wnt noe ee uihecote 22 $6 06 
SFE Ree RALSTLOOI: CUAGPATE ie cmabe ce wale em rad oo aseo bathe ets alee ta ee balus Qe adioad csc cakcoendes cont 26 2 70 
RCL RAN AOS weasel daltac rn cto pane Nata We eite wade ak Ae Ware wee elas Goede ewe cele ESL Ie ee De TN, AA RAD, soa 180 2 40 
De Re ea cin inie wie aes Rune as eee ie Se es Me eee AR ne ey! OT epee el 14 5 00 
ee re eae he we ce arate eee eee hoe eee te ae oS o eco ince Do gcuet eke wiiuncieacd 83 58 
Meee Ey, ARR TCU age Mim manta gde sete ohh sear vc Mabie Woe cle bn che cies oe inv Soe dnc div ob ohcoec donee 3 3 50 
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Sidewalks.—All the sidewalks of New York city are paved with stone, chiefly flag-stone, and this predominates 
in Brooklyn and the adjacent cities. The following materials are used for paving: 

Bluestone or flagging, which is brought by water from the various points along the Hudson river, and by rail 
from the interior of the state, the Catskill mountains, and from Pennsylvania. The principal localities have been 
already mentioned among the building stones, under the heading of ‘‘ Blue-stone”. It is used both with its natural 
surfaces of cleavage, and, in the the larger blocks, with its surfaces planed by machinery. 

Huge hewn slabs of several varieties of granite have been largely introduced into the pavements of large 
business streets, especially of Broadway, within a few years. Notwithstanding their roughly-dressed or picked 
surfaces, they are very objectionable on account of their slipperiness when wet or when covered with coatings of 
ice and slush. 

Mica-slate, from Bolton, Connecticut, etc., was formerly used in considerable abundance, before the development 
of the quarries of blue flagging. It is a white, glistering, schistose rock, resisting well the weather and ordinary 
travel; but was mostly laid down in small blocks, whose edges and corners were first abraded or became broken by 
hard or long-continued wear, the material on the whole being too soft and slippery for this use. Examples of it 
may still be found in the following streets, though it is being fast taken up for replacement by blue flagging: 
Along West Nineteenth street, in La Fayette place, between Astor place and Great Jones street; along Clinton 
and Waverly places; in Liberty street, near Greenwich street, etc. 

Gneiss, from Haddam, Connecticut, also, like the preceding, was considerably used in the early history of the 
city. It was laid down in small square stones, about 18 inches square, with a very rough surface, and was used 
both for pavement and for coping. Probably much of the gneiss from New York island and from Willett’s point 
was once employed for this purpose. - 

Examples of these sidewalks may yet be found in several of the old and narrow streets below Pearl, e. g., Pine 
street, etc. 

The curbstones in New York and adjacent cities consist entirely of stone, chiefly flag-stone, but in part hewn 
blue-stone and granite, from the localities above mentioned. 

An approximate idea of the prevailing market prices, chiefly in the year 1882, of the stones more commonly 
employed may be derived from the following table. The prices refer to the rough stone, per cubic foot, as delivered 
on the dock in New York city: 





























SANDSTONE. 
i 
Locality. Color. Price per ton. PSA et Remarks. 
POMIR STG Ce Nt BABAONMSCULS Coto a acm owte en ann so cc enewousscacuntacwinesice Red and brown ....-....-. SILOM detec ado ease 
SUReRU OSes SRE et cd dareta/sis'so/aieldees <niac's cae acamieninsiebenslascian ain SLOW IL pte seas emcee ieee cs 2B 00M Ee asm occ ca ctae nat 
Portland, Middlesex county, Connecticut.............--------------- Sees Ona Soeistcooe st seed ese bo A Gans aese $1 00 to $1 50 
NIGMALLOLON IAC ONNGOLLOURL ok fe cate dao s/<ddnemelcacaanasnas eeticaecase ede: Ss AO neeee a ee cals sane Sauls amas ovis uaae ots 1 50 
Peet TG RON Gt ENBO tests ee eas pie oo <i5= oi see si Snnbacteem sas scgeunsn-)s BAG Seen Siesisotaimonces $1 00 to $1 75 100 to 1 50 
NeW An om NIG We el GES OMe mrtaet cae \okuS os cnieicacas cesinesccoeenisendeasusens sank) obo eeochgres- cops dabebacccesBee-boe 100 to 1 50 
Ey OO Cee ctacins damictga'a Se ams 15 00 105 to 1 30 | 1874, 
‘ Ta eemtet tate e me clerttearctel al sia miaintaraiersinn stats 100 to 110 
OTCHesten I GW LUNS WiC Kemacee at cisiane's ce wslniac psenemeceaduesetienls ln ee a Me fi eh Se aS, 100 
I GLO WA Meee Rete siace a i<)|s.0 aee neste na relen 100 to 1 07 
BrowiGcecc<cceceesicoc. =e 15 00 90 to 110 
Mary BR Point INOW, BInuswiGkasessseie cd nev cess cccccadscnnccnceonces {ssi of, aloe ASEM OAe LBAOOS Be oa amatree oh nae 
Oliver espmadisetc cn sisisiss= i= US! 00) | peace s-cewe ote 
: 5 BLOM itasace rade ss eoa aah 14 00 100 to 110 
Wood Point, New BronsWiekecacccecs se sce ace cccsnececcny cnsnes come 5 Le 12 00 1 05 | 
LAC OSA TS) SOU = eee REE eet ee aise A ie) va once nanw secede) «mers emieeeeeieti wor caan sie cnsleeceesienec pap cac|ssbinsincgeinsccwsisns 
AVOONOLCOOK. NAW DTUUSWIGKbe sides cect atictise cis ccs saccecee ceca haces OPV Oi senate deiw ats esisiateu said ES OOW otataes a's seisis vinlerre 
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SANDSTONE—Continued. ~ 































































































Locality. Color. Price per ton. sei ann Remarks. 
: Britory olowea-eescwniae| eeeea seer areas $0 60 to $1 00 | To $1 20, 1874. 
Berlin Heights, Ohio....--.------+---2-+++++- Bed ag Ca a Oss See OO Ee oe eto RUIN aS Se reais 1 00 
; INO: sL DOLE ween shane os aa omencea maces 95 to 105 | To $1 20, 1874. 
Now Amberst, Qhto.pusc- cone vaaserh ona chas hese sens see a re } No. 1 blue and light drab.|.............--. 80 to 95 
\ Witte ca aro. s iceceases cael ete eee ameter s ed 90 to 1 00 
Cleveland, ODIO ..-- 2-2 eno e cen ne cee eee cen e cern nn ene me wenn ne enna ns vane Se eae sky a | F Gas lh eee Ee 100 
Independence, Ohio..........-- +--+ + sees ee cece ee nee ee teen ee cnet ree | eee cence eee ee renee eee leree cence ee ec ees 110 
Buena Vista, Ohio ..--.. 2.2222 enn eee ee ne cece ee ene eee ene neater ne cree e eee net ee ene e ene lee eee e nee een nee 155 
Cincinnati, Ohio ..-..-.----------- 2-22 e ee eee eee ee cee ee ene eee nee ene ne cece een eee e seen ener eee e eens 1 00 
Berea, Ohio ..-------- 22-2 - eee nee ee eee eee eee cee et eee cen | eee re eee cree eee eee teen ener ene ee 1 00 | Varied 85 cents to $1 15. 
Carlisle, England .....-.---.----0-- eee ee cence eee eee teen ee teen ence: ROG soul win te hac ee ba ce eon mae eean bse ee “100 to 110 
Corsehill, Scotland . .-...----0c.----cccccnscntene nse crnnen ncn newnns 2220 veeee cree cece eee eeelee eee eeee eee eee 100 to 105 
LIMESTONE. 
eee ene ee ee eee cen ene See Ee eee 
Ellettsville, Indiana ..... 2.2.2... 2-22 cece ne cence cece ne cee n ee cece cee | swe n ne cece nn cw ens eee senna |s en crdenesccenen $1 25 
Caen, France. ..----.------ 22 ee eee e ee nee ene eee eee eee nen enn ee cen e ween eee eens ew em ee ener ene eee 1 50 
Bedford, Indiana.........-------- 22s eee een eee ee ene cen cee lee nen een ee eee ee nen eee nee lewe ween eee een eee 1 25 
MARBLE. 
Westchester county, New York.......-..----------- 222 scence eee e enn m een e een ee eee e nee e enn lone ween w ee en neee $1 50 
Canaan, Connecticut -....2. 20220 eee e ne cece ee cee ee renee een cone nn ewww nn cen ne enews cance wenn (ene e eee n es cnnree $1 55 to 1 70 | 1876. 
Sutherland Falls, Vermont ... 2.220 222 e en enna sn een n ee rene eee nn nl ween cee n ne ee ene ee nana wae cennes cennne 125 to 175 
GRANITE 
Millstone point, Connecticut «secs. 5 seve ienac cece me scecens ewemmsrdaclson ite ene=ineneb eee at ade ens ae egies $0 60 
Roxbury, Conneotionti. cos sa'stes ne esos en.ccenaelyesha'eeapmn cannes sscane|e ewan seen ee See eee eaten anne ae $0 65 to 125 | 
Quincy, Massachusetts ....520¢c.5<< scenes vecaeeccusen cde cceteuaty hepe|cinme asm celeb ceneeee ner se sath ne ee aerate 2 00 
Weaterly, Rhode Island ...... 62. ce cssemeccese cence cance cmessccens| sy sd0> comescioncsseese==s= emi] duce ccausis/=esner 1 50 
Mount Waldo, Maing)... 52. c.cte asics scvctenwadecacevicnocnpscoppeinses hcl sninn sain ea ann coum ee hehe ci Lesa a een eens 60 
Glark's island, Miaine 22% Sok ae cc's acct sm ea nla em me le ee me pe | 75 
Spruce Mead, Manes Js.0.cauisem ecient a aieien gies xh cae atin p's ol \siabe a wey bile metal eet ol ee tae a a tran Cate ae 60 
Round Pond, Maine -.....ccc. cc sdescsiscccostiowcccwscescceees see cents ces ep swcws sae apenas adnate eal aaah eee meee 1 50 | For stones 20 feet and under. 
Granite. (hammered) <ccsncete ct abe chiwintss mes cw isiemme sn bare sins a/a'e eae ae late ate ere ms ete ete eter About $16 50 100 to 1 50) 
GNEISS. 
Foundation stone (rabble) 2.2.0. idssecsb nena dec sutemdausoeackintacass Soe og REE Gee eee aceon. eal et as eee eee a. $0 08 to $0 10 | 
Building stone, por load... 22. ote ca chnl sean peshinecuaicenpine tenssises eel aessmeahess seasons ane men apes ama aeeee ae 200 to 3 00 
BLUE-STONE AND FLAG-STONE. 

Wilbur, Uleter county, New ork cee ee eden ba sete eect fae! anienitite sae wean $0 70 to $1 50 | For soo lintels, ete. 

|\U200 castes sectnevenetrenrsaneh nee lene te 07 to 100 | For copings (per yard). 
Kingston, Uister.county, New Morky.c:-<sess~-mesesene s44-seaeee ek ae OO wea aos ise taba acct ale siento aia 5 cinla arate 09 to 3 50 
Smithville, Chenango county, New York .......-......-<---.------s- on SOO Sa ccmns caaees eee tie nae parent = acomen 1 25 
Skinner’s Eddy, Wyoming valley, Wyoming county, Pennsylvania,.|....do ...-.-.------ .eeee--|--en eee e ee encees 100 to 1 50 
Wyowing valley, Meshoppen, Wyoming county, Pennsylvania ...... - tO RSS eke remand alpine caeh a ee ne 1 50 

FLAG-STONKE. * 
Length in | Thickness,| Per square 
feet. inches. foot, cents. 7 

3 2 3 

4 2 4 

5 2 3 

6 2 64 

8 4 10 to 12 




















*Pond Eddy, Lackawaxen, etc., Pike County, Pennsylvania; retailed at 15 cents to $1 50 per square foot. 


ROOFING SLATE. 


Per square foot. 


Parple or! greenisn 2. sade sc alas ecsecanemtelacs Heame ae seme eee oe sac ee ees 
’ HOG Lo sas ae aoe ins scien tat eames ome eee Ceeee Sees as bana ake eee oh ee et Mia wiale etatin dic ianiwa grate 
Black’ (Pennsylvania) cs-cteees nee sce ae ce ee eee De B pia w/o Sin aha aa Siecehd lee ok Oe oe eR eo eee ee nian, 


$7 00 to $8 00 
15 00 
475 to 5 25 
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STATISTICS OF BUILDINGS (NUMBERS AND MATERIALS) IN NEW YORK CITY AND BROOKLYN. 
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NEW YORK CITY. BROOKLYN. 
P tt agus ere | District Cpe es District of 
aera, Bre en areree | paeiNat |e 18) ot wace | DEEN | call ceas 
business and tone: and rent ntire city. || houses, ten- and anal dences, Entire city. 
houses. ments. dences. ements, stores. Long Island 
etc. city. 
Freestone: 
BPO WIV AANA SEONG ce cet as oben ee asinine aamwiae 566 1, 598 6, 979 9, 148 225 6, 377 4 6, 606 
Wova scotia sandstone... 2.005... e senda 237 88 725 DE OGO Hae spree scree s LGU cH ecm ce eet 167 
RPO ATO SOTO Sanne hem cis ce i aie sare eee mints Sete Waicintala Satara) sian a's 47 139 LEG ty) Sela osc ogee cco dee as sacle oe wie eles maatetare feos era eae 
Poreign sandstone. .. -.-- 20. cn - oes ce ewer cn ns|a ews scene cen ence eees nec eeeee- 13 AD: cers saltttonae o|cinic wes Aocea acl eae saws ence se] ome i eee 
Be anhacR Be ee te Sie ea ee ene ate eal (ai es iain einieie|| cele cles ala aicinw'a|isciwencinsipeiss<<\|oeecn-atesnmcn ||s ceca svcase sl aomeas menmac va 10 10* 
MERE SHONG wtaleee~ fis .e 6 awe sek een yee elle em eleiwiniseme senha’ aim'swn as om 3 3 Al DL laeaateae ae stones 2 
FSM Ges UON Ook aia ann <a nigcie mite some em em cede sn hm cena | mmireninin «tim nin nila sie eeae cones 5 Bill Sota etomouae eniailttesnen sae cats i eancats eae ieee ee eee 
Gerat eG See sor ators ia te oan hietatiboeits oes sain see's 149 9 46 CANTER) | Been re Seer Bi doe cies seat eae 3 
MeL tees ACES cts ata ae a ateitoly 2 4 Miele eineia,ctesiarme elas sia are 3 40 61 MY 2 | See eRe 18 5 23 
OEE ST UES Ie ee is ee hh ee en eae 636 10 272 918 7 STNG ec aanaa wee 94 
Lg ye i eC RLS NE Aa a RE 8, 515 20, 457 34, 157 63, 129 5, 691 23, 581 211 29, 483 
UMUC Meee a teats tee estta ace sre wine Geek vs oaein se 5 23 166 194 51 5ST i[eecaecstienaccs 638 
POT et ats tee ear tee eae Soe ct Cenblean ecinw ne.cs.a 356 85 469 910 3 (iy feel eA oa Aes See 70 
TUTE OG soe. See ee SBOP OEE APO EEE OBS Cor Deere aa ee ree en 590 10, 360 13, 384 24, 334 3, 926 83, 556 948 38, 430 
Meteo eee Sch Se eelcica sna me ennui’ dieu ac cmaine 11, 057 32, 717 56, 419 100, 193 9, 904 64, 444 1,178 75, 526 
Buildings with stone fronts..-....----.--------+---|---- 2-22 eee ee fone eee eee ee [eee eee ee ee eee WOAH cease nn -|viin cae ea Aaae sol annccea wees 6, 880 
Buildings constructed almost entirely of stone ....|.-------------|------++------|--2-- eee eee eee BB ll eataw Anite ae ell cetante a aoeireis Spee cei ete 25 
EOtAMATONOS pee wees soto a kcacdiiae setaeries ale 1, 591 1,-792 8, 243 11, 626 233 6, 653 19 6, 905 
Total brick and Stucco @. 2. - cenccscnese nce. 8, 520 20, 480 34, 323 63, 323 5, 742 24, 168 211 80, 121 













































































STATISTICS OF BUILDINGS (NUMBERS AND MATERIALS) IN THE SUBURBS AND IN THE ENTIRE METROPOLIS. 





























eae JERSEY CITY. HOBOKEN. 
Material. " Jersey City aay, ph pe: de rs 
cree Hae E duding Hud- ee Entire city. eee ken and town Weehawken.| Entire city. cpap 
and). son City and : ; of Union. | 
Bergen city. 
Freestone: 

Brown sandstone ..-.----.----. 8 294 38 332 121 QV eis aeeeaet ein 142 16, 231 
Nova Scotia sandstone.-..-...--- 3 (oes eer ence 4 Tae te acer ae wretat = | tearm ete mos cle 7 1, 231 
ONG SAMAStONE Jer sce ceases es |a-65-- em s<e = 185) ls sacorioeeae ee D6: Ho Oe leans stelle Se ek eens it |S ree cnr ole eerste ete alate 201 
TROPOION, 2-32 ore nnn ons na fee a nnn nasa eens mmol nen seme wn nmr neem eset noe ns cmc nena |nwoewe concen ce| anne serncemcelensemenccrnmen 13 
WAN CInetONG sacceseoccccceca}-Geree sees cs on' [lene ne amine nacn|ccewnn omens celememnricconns calla aecns ecw ence |enccee tmencwnn|snacencccennsslecccntecnacess 10" 
Limestone. .---------e ne nn en fe een ne ele en enn nee ee cee ne nfo meee cere ee en enn ne nee ee [enn ene en ene ne eee ee ele meee e nee en ne 10 
Bluc-stone.----- ne ee ween enn ewe fe ne nee ee eee lfeee e eeecne eneee eee ee cele eee eee e enn e eee nee eee renee ene nee ene c eee een n pene eee eeeenee 215 
ETE GOI eens oes e winnie <= Sesae's 4 Thee naaae aaa ree 4 Seater oe ae sel oocins Solomon Sele saeco nee ele ate ae eipaimar cies 153 
Reis ISaee Cee ce aas s-slaecies anne. 15 B jen ence eee eee 3 7 Dimes oaatasetes. 8 1, 027 
ees tee stents soe se a 12 3 )-2---------~-- Bullet cent cmaetcchs neces ctdees|cmcctcmiatte oils eats sateen « €3 
Era Dee ete es on wae ca eee w= ene ce| boheme sense 8 50 DS llleerenn cen cece Dileeece mma ee ipl PES CCS bas Be 
TEES oo) 2h ao ee ea 716 4,441 224 4, 665 1, 708 174 31 1, 913 99, 906 
iOGOM eee wessccah ass -2~ce----~ 16 96 |.------------- 96 136 i ire ee eee 141 1, 085- 
{Rega ju: foele eka nob ore eel C ee eae eal Ben benmeere ser Silevectataten cat Boiteeeucnaemese ies cae sv chet MRateae pel NG el Irene ea a i ce 988 
ye iD) ae eae 6, 951 12, 656 3, 036 15, 692 1, 518 | 2, 452 98 4, 068 | 89, 475: 
SP ee why OAS Wt 7, 725 17, 532 8, 348 20, 880 8, 497 | 2, 658 129 6, 284 210, 608 
Buildings with stone fronts........ 40 331 88 419 135 | rt oe pee 162 19, 075 
Entirely of stone....--........---- D |Jannmeeeenncene|snn nc ce nn cice ns lamer wn snnrecee||enaancecnencne | FEELS E a ae Whr CBC Ace hapa) Opn ane aSearoey, 79 
Total etonesesseeeteses sees 42 331 88 419 185 | D7 sere tea oe 162 19, 154 

Total brick and stucco...-...- 732 4, 537 224 4, 761 1, 844 179 31 2, 054 100, 991 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


STATISTICS CONCERNING THE PHYSICAL PROPERTIES OF THE BUILDING STONES USED IN NEW YORK CITY. 


GRANITE. 


COMPRESSIVE STRENGTH PER 


ee es nT aan mor: 














Size of cube 











SQUARE INCH. 





: Locality.” Position. | Number ; 
ae cpg ae of trials. Range Average 
Pounds. Pounds. 
Riedse cee. gate sisscinde sas ais= Bay of Fundy, Canada......-...--..2--0-02-- cece eee c cece ceenes 2 Bed A estieee 2) 11, 812 to 12, 020 11, 916 
2 Bed 3.z.0-s-=' Viste nnctee sete 17, 500 
DO... 20s ecsceeene enneee|nowsee O'----n0eecnenceceswocceecnsrennrnncnstanssnnrseeseccecanccs { 2 | Edge........ I PPR So 18, 750 
DO esac sasaseeoereeacaee Fox island, Maine... 2.2.2... cc ene cece ncn nc cennce se ccwecce ese. PP Wesrete stiches 2 11,700 to 14, 875 13, 287 
Doro so teeeee nese neeeiesinces CO stbs vb aieceSe aekalelen calonias Cope eae a teccenes sae cies weeammniean 2 Bed .s.cs-5+.- Acliatusticccea cet 15, 062 
Do lacs ereeaee ae eee eee do RL calsscage mre ss'ebusdonwaensucctbeisen chen teanceabeabce| eek nea. AGsNine ace ami: ee 11, 892 to. 14, 185. |....sseecees 
DO Aosete een oeee seers Dix island, Maine.......-- nance ect aasman «saat ening se eeaite PPA MRS seon 8 i T\.23. aoe eee 15, 000 
AY Petar hy crab tina Lait oe Meats O since s ew ethS ova vacteens eveaecabertamernpeeudic rameteawgeus aan ee Riche tn sc] <ceweq ae teem berets eae ae a 24, 000 
D0 a ee ee ate seach Spruce, Head; Maine)... oc. e<- senna ceaeemes saree usb somata 2M ceebe ue Seeese 21 18,500 to 17, 500 15, 500 
DDR ame SSaSer ra lonon a4 eas OO sese os oe cer eee awee ere ee ese alam eines Scie eare we aetane ce ato 2 Bede sossnes leew cece 14, 200 to 15, 875 }....+- <2. 5. 
‘ : : 2 Bedcce saben 2] 11,000 to 14, 425 12, 712 
Giay ooo oo eee se eeeraer Hurricane island, Maine 22. saeecaees sae see eee nae scene nee j 2 Edge 1 14. 937 
Dios a ee eo ee ee Palmer quarry, Maine... 2. .occcswcsctswcuccisscsscuccceissohoern| se oblads eric dee) a ccinne cee sat pe] See ieee a ae Sean ape ate 
Dove ht ees scene Jonesboro’; Maine x..\. dees canstuncnn teen tanteser tencesee ceases ilacembaites + re melends cceetes cee lameseee net 11, 233: to 16, 962 <2 Soae eames 
Liightscssrestetas ccc wecwes Harbor quarry, Malne 6 coon ees ane sane cance ee eats en eae eee 2 Bed... 2. 2 | 16, 218 to 16, 887 16, 527 
D0 eee aoe Renee ae East Bluehill, Morgan’s bay, Maine ....-........---...0------- DW iesdpeedenes onlocer aaa santa anes ae aa 17, 200 
DO .ge ee ee Aa ees Kast. Bluehill, Maine «2 << i204. nc ese ens pe cccee enn acistecms cnee=s 2 Bed. o55cs2 oh setsenene 12, 125 to: 16, 250 jc cc esceesem= 
Lightersyseassse eee s ese sene East Boston; Maines. 522. .<cuosccqnes cuecuaseewemeecce uct eaartt 2 Od fos eoeses 2 | 16, 031 to 18, 000 17, 015 
DDS eo ace sores City Point, Maine... 36. «sent focccccne cance sscwsabecews swoceeemcn|secuccedediacmicls ciao a= ou ccieeis’allac ny ome aes) emcees nts eee tna etn 
2 Bed..s:2o0s3].  ~ Gl itesseecseoseeee 18, 02 
oe fae, eee Prankforty, Maltin ca coche, hooey eres eee § : sae : a 
Sceteaccl ~ 0 \li|/seesaceee een 4 
DO sacs essigercenwce sneer Carver's quarry, Maine... a.c cece cececcen cesonccessnccseacusnins|esemqviacannea-|esns on'seeuop\csls omic’ sameness = nee ae 
DO 502 0b seh ceiss ee eae Dong Cove; Maine’. oc cenesw acs s<s serene ae eee eee ees 2 Beds apeaak 5 ey Ee 14, 040 
D0 sc Giclcsneae vets eaten ee Wharf quarry, Maine ....5-22.csensisscestiants cansacrucess sciadieelempac sowedrn|ema seme me's ow cette wialc ate aic} aaa tats enn 
IDG Ato eee eae K., W. & Co.’s quarry, Maine. ...26.cccec cn cee ct atncccmeons ow cins| seca baleratscice|uccmch whee ciice|temeiiceeh almnta cece eee ca 
DO... deck cease cece cer ane eae Concord, New Hampshire... 52) secs vseeesscaesaceence s case ccesbane = anee aaehinls emai wavs oped se eeeemee 8, 812'to 9; 888) |e nna smacicen 
DG Jos ectdact est oneetneee eres G0:.3 focused Ramet oeaniadat esis sacet oe eeeue Saute eee eeete 2 Bed Sco kes pe eee 17, 550 
Wavk | vase ct aeeeeee cases Quincy, Massachusetts... 52. ccbcnseanesnscscceccamseceseeresmne 2) ‘Ndwowed ne mecloe sles semee ce tls sate. eee eee 17, 750 
D0. 220 52:ch eee hee eee DO ike nas cae ode cane cate BASSE ee oe eee cee ee eee ee 9) +) Beds? eee cite roe 18, 000 to 19, 600 |....--.-.--- 
DO jacwon se Sedan pete asses meceoe 0 co icais ic cdpies cawccrbasudeuscasccudscomecenbaccntneniee Sent nel euch cnae ness stlee sums cscs weteicl ce btanctna sls «stem een 9, 739 
Doren Rater eae cea GO. ocd sacnc'dwcsdece deldien Bose colond etx tru sue Rie a ce oe ae see a ae eee | are es 11, 720 to 16, (622) |-cacuwuesees 
italic oo. eak ot oka ee WO vince’ cecpled combed Meee eee eae Sr ee WU. eee @ Wel E PA ee ee 14, 750 
Gray or mottled -.......-....|.....- 0 Wrasse Sace exon eae eee can nent oman = tenn Cee enna y ae ae meee Bg TO BOO odcen mete ast 2 | 12;,390 to 15,029 |ocoeesceeeen 
DOW. Meenceee sees ane Quincy, Massachusetts (Wigwam quarry) ...-........---..---¢- 2) ecient HB eres aes = 29, 330 
DO i clove me dctuan nesemeee Capo. Ann; Massachusettsicecs<enestesa=s-endcwsasaseaneseseaen 2 BOG, -sanb2-e 2 | 12,423 to 19, 500 15, 961 
2 Bed seconston|sanceraece 12, 861 to 19, 280). co eeu aa 
Syenite.c<--.chace ae seeece eet ease GOs 235 su nccdden des dsaeeen ands veces spassweeeeaeaeteesaautenes , , 
eo i 2: | Wageicacaccd.okess lea. 17, 875 
GURY ca vaa Seat ccwecweneeuee Rockport, (Messachusette scot aes. secs eee see taeues aeneee seen eee ; : ie ; Toe, ) aie Cana oh oe 
Sessipeest+ = | | USS... Se ; 
DO. sed swat ots seseeene tee eae GO oon cue vislecstotaedts cnet cnuesenat ppuepaneasamaecbbicsesbeaeas| aus earttees be calsan taawce sete acl tastes ad] Seeia ee ae ane 15, 296 
Old QUarTy *Jccoseeakeoneenees Westerly, Rhodevsland 205. sccccesaccesuaecednes ce see eesaeete D0 wcamuac attests 2-| 17,250 to 17, 750 17, 500 
2 Bod se scu-nee 1 RP rim. 14, 687 
GURY Cieecte cect ccs vont ete COs. cbcenpiamiesavwewing sues aceitaetea tanta aah eas senor ae 
a ; 2 ‘| Bdge........ 1 ies hoe 14, 937 
DO sccee sons esses cecaec|seanes GO? 50 so ceten tamed dnpect depuscemeeyerass ansabs ee anaeencns lear seek tas ebss lake ooase ress tee ee eee 15, 591 to. 18). 778 loenccame emer 
Do. bases Millstone point, Connectiont.-< 22... «sedesscacssieceeeb enue eee ene DAG beak es cmemers 2 | 16,187 to 18, 750 17, 468 
Do. a tn ee aa eae Sapir med MN eg eye a Ce S/o deg Sle st else that 2 (| Bed ere 17, 425 to 17, 550 |.....------- 
Do. : =ae--| Greenwich, Connecticut: tac mnsssenercnenscenunise-aeeucbeeesle 2) | emo caapele® 2 | 11,300 to 11,700 11, 500 
DOTS. andes Aste tae eee Plymouth; Conn cetiont isso. se) oe raat ae ae eee Rea eem cee lise veces saree | aeeeemee Bed ean AA 8, 620 to 10, 412 |. eee 
Niantic river, 2-25-26 enmee nee New: London, ‘Connectiontimes: -- actunccoeee ee eee eee eee eee § : a aol Sia : Syke a eal ° nt 
Por sa- sence Pe ecoe nota oor ace : 
Porter's Tock Gosecscesnece eee Myastio River, Connectictts:.2.1c- soeeeeeeee saab eee oreo ee arenas ; : ct ie pada : BtA ee at ee 
BOi. ferent ED aly lee vee Sanaa acceeee i 
GAY Pica nek dan pahec cater Stony, Creek, Connecticntta.sc-cose eseeet ens cee ease eee f : ee ey : 15, 000 to 15, 760 a 
WOweteeeetet) | Lh, |sepdc.dvcousenceen F 
DOr ran ieeaese nee eas Tarrytown Ne wid Ori. <ceedeen cnet eet c eer eee ne secrete nee 8.) li Bedsesceces Licks Oe 18, 250 
Hlaggingin. 2c sseseeteresn. Hudson river, New Work tcscc co saet eee rede eee eee Om | Weweae ue ok Lace 18, 426 
GIBY o bans. <concnehenntaseaee Garrison’s, Hudson river, New York ...---.--..-.--eccceeceeeee § ; a ag a 4 “thr TS en aaa a 
ocean ees ol Nia nccoe pee eee ‘ 
D0 anip oh. ges ausice wee sean aok Peterhead, Scotland * wzessecceo echo te caste evecan este se ee Ae ORE Ss ReSneeeoe 8, 290 to 18, 636 |.......-.-.- 
DOs tesmeccemeb ance cancel eneeee dots ees este oe ie ee ee ee ees phy Alita Ore Et ea Ma ee ae 6, 273 
ot ee Se dots. 5. cecu pied tnpates teed sae none bebe eaee clpeee teen | Pee kc loc sndatas 9, 666 to 10, 192 |......-..--- 








* Foreign stones for comparison. 
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STATISTICS CONCERNING THE PHYSICAL PROPERTIES OF THE BUILDING STONES USED IN NEW YORK CITY. 
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Authority. 























Q. A. Gillmore. 


C. B. Richards. 
Q. A. Gillmore. 


Q. A. Gillmore. 
Probasco. 


Q. A. Gillmore. 


C. B. Richards. 
Q. A. Gillmore. 
J.S. Newberry. 
Probasco. 
Q. A. Gillmore. 
Probasco. 


Do. 


Probasco. 


C. B. Richards. 
Probasco. 

Q. A. Gillmore. 
Probasco. 

T. Rodman. 

C. B. Richards. 
Q. A. Gillmore. 
W.R. Johnson. 


Q. A. Gillmore. 


T. Rodman. 
Q. A. Gillmore. 


Do. 


C. B. Richards. 
Q. A. Gillmore. 
Probasco. 

Q. A. Gillmore. 
C. B. Richards. 


Q. A. Gillmore. 


GRANITE. 
a ee nnn, — — 
Ree va ot. | Ratio of absorption. Remarks.” Tr tanod aide, 
Pounds. Pounds 
162.5 | Not noticeable.....-.. Boldly marked, resembling fine breccia..........-...--|...........- 
wo oak GOs See ye) a Lae Sc ea pee DOs; <eteraisie et eee POMC sab GET oo Gitcota Pek SENT eee ; 
anedsin Central marie cere ierkce te sec ete pee eee 
: 164,1 to 166.8 | Very slow -.........-- BUTst SUA en] vanes rece a eae See Reels, ee Esl ee A ee em 
2. 660 166.857} osns<< Ofer aterm taeiear | See SO de SB Sec BRE SORE Ree BP ARACES Be tere = ee ane An ite em 
, 2. 635 DOGO WEY GLY BLOW <2 oes os - me Burst Sudden yee eee tees oe h coke 5 Sees eens 
2.750 D712 oseiy OLY, SOW emerc act =~ Burst suddenly Ce ae AEE Re ik Wad, 5 bl Ieee Rae lye 
; 2. 670 166.9 |..----..-.--.----------- BUTS hSUCCOeNVesctee esos aces ae sen acne ace sanaes Sa rsa mee 
2. 650 165.6 | Not noticeable........ Boldly marked, resembling fine breccia....-.-.-.....-.|......2-.2.- 
(||a Seat ee eae ee LOS OMBINC SO MDOM CONG asco = |Memh ee ere De ey Sacre Nira ie Pl ahs ek eh Oi Tl 
2. 630 164.4 | Not noticeable.......- Near KOU eDINSA meter nse <aetis tweets tame sea snes eee 
2. 660 166.2. | Very slow .-.-.-...-.- Oragked Pelore! DUSSUNS esas estes cocci as nae eee teers to eee 
Bes), | Sauscid oot} ieee ee eI ric aks pe man a a ye AR ag eT 235 
| 2. 695 168.7 | Very slow .........-.. Cracked betore bursting .2-. eeeso- accesasaseStee as shinee eee seees 
2, 649 to 2. 657 LOO RSME Ed yeOL NAINA Eom sree oe alee teem ee AN ieee, SO ue RS pele ee te eae 
| Meee eer en sth canbe caeijse acces sacce. Gee See aets bee Brokeisnddenly woe aesoat sha 25s-sbescwestewn noo eset dw set ericase 
} 2. 610 Pan CMM COME a Ena uta ota wile ah cast cual ae tie atin nwt wws'cde wks ces apes'scackwaleeeatoanset atlink 
2BU]T\) cReoge tes sodnacs |e aa tte Soo SBC ee Rial B Oi ae 2 I a ee ani Ae a ee eee LS 274 
2. 646 165.6 | Very slow.........1.. IBPFOKG: SUCCCOLY a saetee cess avon cian sae oe seen see eae pe eect eeeae 
} 2. 670 OU iad Re eb ‘CLA os ees ee te a Ea Sale RRS ne Seen Saye BABS ew LAR Nc Ree 
2. 706 168; 7) | Very slow 2...-.--.--: Broke suddenly -escw ase ae ao he stm sessints amc oe vlo 2.2) loeb adinee eB 
2. 835 ATae eV OLY BLOW) saeninn cleo cs. Broke suddenly r ac 2 ese cote = Sosa docln ce smsagcaesakee|aok fs cmceee 
} 2. 660 166.25 | Very slow .........---| Broke Andd oul yess. tcsoeses sueseeee casero aoe aaa e alee ek cece meee 
} 2. 630 ie pe Pee ree germs, ne Moa DOP sey he eek ere Umer aD REE erat aide fea A oe 
} 2. 645 ABSA OL 06 DUN eae eee Busabienddenlncee ys eee Se se We ea ge 
2. 655 162525 Very, Slow... seen. Cracked, before: bursting enact so orcs vse «con ~scssc~s dees | sacacnugnace 
2. 690 TORRE Se aac OOieesecmicce ve san Broke suddenly termes was eu ean casema csc crs carceen ce relieeadeeeue es 
‘a 2. 580 POTePMT tari O7 ch to bee re meena ee ceanes Se wala oi Z) Camere pte can 
0.5 to 3.0 per cent ....-. RIE Sactidédises 2 baer “Abc Bes ao Ode OSU Ee CEB SO SBN. 9 Prater cere 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


STATISTICS CONCERNING THE PHYSICAL PROPERTIES OF THE BUILDING STONES USED IN NEW YORK CITY—Continued. 



















































































GNEISS. 
COMPRESSIVE pi ep PER 
SQUARE INCH. ~ 
at + Locality aie cae] rence yee eee 
Range. Average. 
Pounds. Pounds. 
Harlem: stone....2s eesne= ote Morrisania, New YOrk ..cc- occ ce ceo coc ctre ee auneee cena ece 2 | soe ececeere nes 1 | .--0----2-- ene 15, 800 
&:°) "Wodauts cess Libesssihac shee eee 11, 250 
Darkwees ice seckasceeeeceee Madison avenue, New York ...--.------ --------0+-+++---- ; 9 Hdge....--.- ht eee sh 12, 500 
TRAP. 
Bigoeee eae ete Staten island, New: York... -- 22.2.0 -c-ssceccces eoenmn-e aes «a= 2 Bedaeere seas LL lsewnins ones sceannse 22, 250 
Very dark osres cst eneee eens 3 Jersey City heights, New Jersey..-.--.------------ Ree seer insegas 2 Bet seers sens y 2:| 20,750 to 22/250) 2. oe. oee 
Dore sce hee eae ee Palisades, New J Gray <<2s2esecnc sores sis cone cine as os wmemem sere al lt emctia a tle 2 = Aral eminem er 19, 700 
Wihetstone =:co sores cannes England*... 00.2 --22<0-e0- settee ws emoneaecels = muciss =e ce ale tte aWtl| oie eteinie elena ai- era jeie sie aoe tala) mie ale a etn a 8, 267 
Do 2*ee-ee Aeleca cas dace er Kees GO ssc cssncagebetacuccs sane ne waseh bt aoeeee eee Sere S dena eomei ee vette eS alec wacmisa cee Seal Pee dade ce ects ee ee 11, 970 
MARBLE 
Eastchester.-cc.cncs-s-eenone Tuckahoo, New, YOLK: «= <sa0sc0cesenssewaes caaeeee eee ene ie 2 Beds. <sec<=; 2] 12, 050 to 12, 950 12, 500 
DO's scien cos cawee cance msdiowetaratt OO wen sueslewien. ecw sicinjne damn saiclaeeiais me oeleete aie tte anette 2 Beds dace ste 2| 18,594 to 13, 711 13, 652 |, 
Do 6a css=scnesc azenetcnasfeteshcunmna vee tnsaaaen sob n ne Wt pee iach een ere ee G8 bes Atay a2 pg eee on 4, 081 
DOs visi ML ccec ane nae deen vas eele ce eet eed chee. £6) Bede 1 eee 23, 917 
DOfe tea cece meee ae neen nye Hastings, New Mork 2.222 cs<ecqcuns---\stanisawe eas ase ecals wank aD a BO eee nace 9: ease ate eee 18, 941 
DOS oat asco ee eee Pleasamtville. “New York scsc-< scenes cas seer sec se -7e si cinta slalom el oem atetetatan ese ce ae iawnin mein pie eae eats 18, 000 to 24, G00 |....--...-.. 
Vermont2. <= scp sce. 22 sere Dorset,. Vermontes: oSciecst aoe ar csissmort habeas en Sabicea emnee e's 2 Bed. is. 22+. 1 | cen anteaters 7, 612 
Doses cdl ee eee GO Sen wweaoe cham Old ere ee ee poe ee ean ee g "| Bdge....-... 1 | ad. bare ee 8, 670: | - 
DOcojas seseew scones ueeeee Rutland, Vermont: <5. <.casca nantes ane aa elee nee Sate ae nel cieae Mae ell ae ema oe ete al on arttar is Emit cts oll fa as ete 1, 805 to’ 1,876 \u 5 seen soe 
DOth.¢ Sas venvosaneea seems Weost Rutland, Vermont ccctecas acs nce <a ccetes 1p ea bce steerer Ee eral orate erie teeta Pee ete esi ore era eae 11, 000 to 12,'5009),.22--~-eoae 
D0... .ccccced sosinsisevews| Litteford, Vermont. 225 . coc oc bens sects oeiee oesaene came anemaldea? Petes = Weenies Eee anata =e cen soulaienstaere 11,250 to 18,750 {ence cc oes a 
DO iraasst cate ce neeme coer Sutherland Walls, Vermont 2. 26 -sametisieceieeioatebal tale Riek seater ao) eam late ie ete ee ocr ee eat et 10, 243 to: 11, 250 foes s- cemceers 
Dasa cet cane eee eee OL lane oda wnanpshnnd Ruccmecdtle ae be iy tees: cose na anne ne eee ee 12, 250 to 20, 000 |.......-.--- 
Doce. cleus ten aeons West Stockbridge, Massachusetts .....-.-.-----0---000ss-ss--=0 1.6.) Bed: .5. 35); 4 wosceaenusee penne 10, 382°); 
Dorsesei cece eect eres eae dio 25.53. Lace ees ease ae ee oe ee eee 1D lB steead oor VON. coSeec. 3 epee 9, 071 | 
DO aie edna sce sasseees Stockbridge, Massachusetis =. 25-<-- cc sects names saeeae somone 1:5 .| Bedsc cee naes 1D! | 222500 7a cones 8, 812 
01 esc ieetenere eee Lenox, Massachusetts. -.-. aie ble be Owe Ree ee tata hae ieee ae meres 136} Bed..s.- 25. B | sac dccete ase eee 7, 168 
DOreoancneas-=scceeoeeent Stockbridge, Massachusetts...---- «pp chasesn- sever were rates CON Pasa Se Sed oe Roo 2 2, 410°) 
Osean pees aa ees Lee; Massachusctts . co o-¢ ens ce eo eeee cme nee eee ee ents IAS eects. =n. Bee side aoe eee 22, 702 
Wiilte. scr s cola pede eee @O occ Danson dad cvneeee nace node pe ae eS eee eae eee aI tt Rene er 12, 917 to 18, 972 |...--------- 
Blush 3ssc0- oo:3 scasinsn chewed leopaee GO scans edi cnn Skool a dieely oc sine c ma me Moen Aesmre Blew elnlatate © eal amie ates ee ace eect ate rare etl ec ate ear eta 7,'705 to 17, 954. (. 2 eee 
DO nccue) Sets csceane scenes Canaan, Connecticut... 0.0 <<< od accuscons smeeehe ce Sa beeee oats eae le aeeeeiee eae eee een eae caie aoe ener 4,958 to 8,794 |. eeeaeeees 
Carrara 22-5 -cossnoewereee eee Carrara, tally? scsi. 3s ciccins nc cuss awh s teem Aen eee eee tee eee eS ernie letra eee erste etree 9, 723 to 12,600) |\-oaewenemee 
Common Italian ».-~ 27-22. -5< \LbBLY* oot ogee scree coc meena eee ee eee ee ee Da Bed en onan 2) 24,250 to 13, 062 12, 156 
Wahine italian’ oo eee ecm yeraee OY esi cns, cases sae ees ce Ad isp ai eee che ee ete ee ere aera te eaten DOB Wee ancuiciccncm ce) scaics = cent} sae cda(teee ee 21,778 } 
I 
SANDSTONE. 
| $$$ $$ See 
Breeston@.=0sesuneleos ee Dorchester, New Brunswick.....-.-----ss-e+sses---ceeeceeeeess SUN BédePenine. 2 9, 150 to 9, 412 9, 281'| 
Freestone (clive). .2-sseasce eeleeeree doesosexSie toes oto fet ee etl. Sane! ; - Bites ee oe lesen et seas 
2 HU ges a sacs De oe sey Se 6, 050 
Freestone (brown) ..-.-..-..-- Mary's Point; New Brunswick? =23. 2.2: ccc cece nae ecese ee nea ee cence occas ek eae ene | eee ee 9, 250 
Freestone (olive)..-....----..|------ CO. owen cpalmuis Ska ees CES comet et) fe Re ie te ca) ter ee A ‘9, 250 | 
Freestone (dark brown)..-....|------ GO weeds bodes moheudsake oodcec cou ee ee ee ee eee eT ee Sette | ea 7,586 ito’ 7, 828)|.. 2 eee 4 
WTOCHLONOaes aati aes Doeeeee Wood Point, New Bronsiwick cs ci.. < 2c Pic cecn ca uShee See ee lanes oe cee ae eel eee eee 3,976 to. 4, 982 |p:eeeememeen 
D0 on these tots nae ete Nova Scotia. 006.202 e.cc) nome aoe se awbe cal fictaa Gee phase capes don kare eke oan 6, 532 to 10, 322|........---- : 
' 2 Bath eaees 0) Smeg renee er 6, 950 
Brownstone ...... ....- Middletown, Connecticut s...2-5-2- 5. ce. --eeee cee ee ae § 20) mage ‘; ee oo 
DS OMRAE -c mab sacs eeeetse Portland, Conneoticutect nt -1occe ole aake sels cice el uclre ooo ee ee Se none en re 5, 806 to 10, 928 |.....------- 
DOW oneness cesennae. San Diogo, Califormia® cizctasseaceenecd Cabck tn wesnce cs Stee a Sane ek eee ee een eres ||. 20, 039 
Carlisle stone....-........... Cérsehill, ‘Scotland? .¢82-- ie oe ee a eee Gale en ee |) oe aie 7, 909 
DOr ee aerenae ee aaesee a Craigleith’ Scotland’: 20s. eae eee ee oe eee ee BT? |e ps 5 gh ee ee Pe 3, 137 
D0... 2.2002 eeeeeeeeenneefannees ot techies Sulhacb eaatede mach Meee eRe cho kn TE eo they | Si Pils Ia SS 5, 489 
DO. .2.-cneene soneesenenee|annne Renee ores RPP Pe Te et ofr L et MRM e! Meese stirs x 4! Pee eee perp eee 7, 842 
Brown ........ wane eenceccne- Little; Falla, New York + sccstarsats seer omen en ne § 2 Bed......... J |..---------- 22-2 9, 850 
2 | Hdge...... Gi 1 coe 9, 150 
Red........ ween ewen ee nnenne Haverstraw; INOW. YOLK ccuctess dees Teen eee ee ; : ecg ar saa i pegiecas ao sabe 
| 2 | Edge...... a YR Pea itt Bed Mc 4, 025 





* Foreign rocks for comparison. 




















. 
a Se ee ee 


< 


ee ee 


STATISTICS CONCERNING THE PHYSICAL PROPERTIES OF THE BUILDING STONES USED IN. NEW YORK CITY—Continued. 





| 
| 
| Specific gravity. 
| 
| 


| 





2. 666 





See eee rs 


ee ee 


wee eee ewe en eeee 














STONE CONSTRUCTION IN CITIES. 















































Serre eee eee ee eer reer. 


GNEISS. 
Weight of one . P Transverse i 
Gdbic took Ratio of absorption. Remarks. : re EG. Authority. 
Pounds. Pounds. 
170.0 | Very slight........... Broke Suudenhy secc us anal oot se eeces aeaeean neo sae ce cs leat ene tee ae Q. A. Gillmore. 
‘ ABQ 5 | eatancwsbe den scincncs ot EVODAD LY Tie Manno ssa e ee ates eae ee asks wee cee seme a taceat ant oe 
TRAP. 
17S, Srp eVery SUONT soc. 24-5 Cracked Nelore: pUIStiny an acae- fod ie amace ates ates ine Sete ee 
SURO MMENOUILOUICOND Oat or <iteillstaactnich nersiu cen Saar seman adie aut hee sa Seclsnece ede oilbmeee cosets 
EE eae oral cnt aiietian sige mallet nbs wise owe sein cloe sy oc4s MOL DAVOMON USL sae s teeta ae ee teaa done Sooke cee ee alent ee eee 
DR ne eee ol ese eaiclowot oweaelalineateicre ate vetclcccccesdees Basan) -eeeee or oa seen eran eecdaoen ee aide bee ase tee ae en eee ee A BEAT? ie 
BE TECO eters oes sieri an ap elllcu en wis Ot rn aaeme scsi ewer eal tes enn sesaraacise Wear eeeent nase iuaeon seec ee Fairbairn. 
MARBLE. 
PI MM Vel VesMial Weer sarasces |) DULSE WithOUt CLAaCkIny. - col. ance. cceasatem> senate -|ecucescecene Q. A. Gillmore. 
HV DSOn Mosseeteee ence sea ce Burst withont cracking; whiter and better variety....|............ Do. 
Se eae ale ale alata tS ni slnlaleg mim sIeieisia/=||<i= a/et~ into ive misivinin nie aw eerie elie em encinsins as eiasmine on eitincociccsceslsias sascencrasiariccceewsces|annccntnewes Page. 
LS TUM OUS DLO 2 Meee eewes mal onc) oeev sce esi pinrsctna Ae caiate ale saleiaeg Sejaitinicla samerdiokicle ullsicescutemeaime United States Commission, 1851. 
Oro MU OUC OOM ne ener oats caih's oalainiai= <class Sains mnieie bin wine alawic Geialve cise te Savin celocaecced|Jobocwatosee Do. 
rene eee eee cea apna es elaie alae ae ite ee rink alot airic aterm slob ials o-\c)s Hla nhin en s\emcie de cm acaa|<slhweaeaans Q. A. Gilmore. 
Ie S00) Glace YEA Saeeaee eee WAtb atic hex plOsionenes st o-t esas wee ae nec eeeaes ocletearmerek oat Do. 
LO Va cul eesteuce sta isaeia eles = cis!s cise live eaies DO Mee remo ee mec Oe eee tee ra tae coda tee em ome bh etne sc eee Do. 
Net eee eee eat rete aterae tee tele a ociete oie |e cea aie mratninis oo eae @ia(elnje Sie iealnie'sigiaicin a wn cloebawe capers cuncac|bames.aaraieies H. A. Cutting. 
Sel Reet teeter Rote a et ieee a say cia eats ole is tePiniel eRe alae ata iinet ie aiaiz aie nle ia ate site plsjqla meeuia | Seebaleeeacles United States Government. 
eee ee eed a eaten eterno ee el ee sein sia aimee cine fai nes oe eeiecwasinnvaseneuicie~wccecclsdcegs sesace H. A. Cutting. 
Beets Soete state eects sites saarsoseert ae tas siea nes picts cecincee rest ceeuinle cjsipawedetelateaigddecaite < ¥. E. Kidder. 
EEGs CMR oe eee oR Giey= Bele on ere ie eee nice ae eininicis ee ela s.5'c,ckeitistnala © sows setiamice-acsieicnvcentecses ocecaee United States Government. 
mM UM OUGOLO Zavtaee Meas eran aca tee tara eats as sc ecicgine ele aa cee cic Wea dclmecisutcewsisis|acetionceses United States Commission, 1851. 
ROOIOMMO OO LOCO Las so aeintema es ie asctat cep abine Sacc c eo mersiclae ccm emi re mole eceaels able nee xiisic| toes cesteus Do. 
POOEG MBOSUUG LOZ Jaw aeeies com sienilsaema slesces set cost abe ca ckaicetn de ccaresedectiassvsacusleseccioasiceus Do. 
GOs da ONG LLIOOO Zmcamer etn se ele cele men china Setlew sain sialcinsacrawis se wioaa tee sdenenenaeae(Aosasdeeesae Do. 
la oa Sea alee aye tae detect elelel ated a) a ora tlatstal ie late nl ero aletataraiesiel te tera ain aielainia nial = csinla sels cis Sam eaisin evicisna|Wpeciciapeaia cn Page. 
LOMO MUO Lal OU tas keene ears sem acetate cine Sian aticnia toate siamo smiac ented doce ciee dace deeeeoeeeewins United States Commission, 1851. 
SO eae ee Cee neE eee REE nob eta Coe eee aie Se Poi a! tae adie hes Soin nem ade sant ceiadedlecesasacsees Do. 
ne eaten ete miei ete ieee eae ertacia cu well neste oom iene os eel wine ne ais ais wba ue -tiemiterlascieadience|ecot us cieemes C. B. Richards. 
pea ee erate alate ate le aera Se ee ee oie lone Jubone sitio dais wlawtow ax Ae IAS oa cine SR MSC ac walce Sa’cSwn'qads Stl Meadenlte dees Do. 
168.2 | Very small........-... WVithoun Cracking cnn catamedaca ates se caeise societies Cmieaieiers tate'sis Q. A. Gillmore. 
Be ciiecats cet ciee aos LDMOS eaten 2 etic fies crete leita ncaia vps stole a alse OOS « ais = = arene ar Stee a: halnlnra'e Sa Gaice cals ds ctoeie deaf nioeeonsda cach ODIMIG, 
SANDSTONE. 
Seca elee leva aetatas Without erackin fear cenecsscelessio stews sina eaaseiarese|s cee sien aani tia Gilmore. 
se detowsasw saueaee enon sete essa DO meas sees conan eaca arene secmictucec ss steele aaciepllewsseca quiet Do. 
PES He CSCC AcE Renae =| esas OQ nee ete se seninas eset ooo ciaaa cancion cha nisacis tes 5s) wenden saestetam Do. 
lees wn aiaye aia ere a ote aloe | aetealoeie aeletare eda aie teeic eiaiemie sab eoaine atic salen wsikit ed wine ole'sae| Sam sets ase 'ee J. Henry. 
sicttetavare neta erate ee ea tetera aie ie ate ore tere Sie al etarain mim aninmtaays scien. wane weit eames lain |in leis osteo acne Do. 
Beets Sele ar loro nce seicae aio cioeocisvia eal eaawe se eemina haces aie me kee a aniea deen cetaceans acest cinias Wena ceademmiee see C. B. Richards. 
349, BN —40 oes scene aeeecas Without cracking ...... 8 DAR GOHnCe or St Rea Snae soeeeacd ppeeaosas coe Q. A. Gillmore. 
Era a | ay Se tee ec Sag ee erica oe ela R Ee ee See Ree tec asco nitasanccebecdaamdlereacdscomes C. B. Richards. 
Bee ee ae See pie celis ae aih ee cieace cl eee comss maammanes ao Ceeae nemo Recs sain sciae cae ete eames 425 | T. Rodman. 
ee eek nace oS co nunahocas|dee eet conse eae ea ama actmismicinos oasis sales av.e Slams be sa clnclesle caesar Kirkaldy. 
alee Ss 30 e Se oS 2a a Sanu maul Samu amen es eaten emie we cobras des satencsasaeseascserer lacie civsccea= Via 
ee ae eI NE eo ara ce a asraicied co mtaiel|ae Sere me oem eam a see ae a gee mis = Bs eyo ewe cece scuieesuetecsiinccdemeswagy G. Rennie. 
nandeSeyecrre: aor BIDOR ICON bs fe eo ccc pate <l/oaceee eee EERT ca ccsl lara csaenenn ese a! set wv oneal) DO Y al, CO OMmIssOn. 
BAO RGR L GO 34 va. olera 5% <<<. «550 Suddenly hardened by weathering................0----|--++-------- Q. A. Gillmore. 
ABTA LLO OB tesa nee accase WeAtDOUl CraGk iene rman scisc onesie eu decienaama\rboaces¢ Do 





























\ 


304 BUILDING STONES AND THE QUARRY INDUSTRY. 


STATISTICS CONCERNING THE PHYSICAL PROPERTIES OF THE BUILDING STONES USED IN NEW YORK CITY—Continued.. 
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NORTH ADAMS, MASSACHUSETTS. 


The materials used in the principal stone structures of this city are limestone from North Adams and quartzite 
from Clarksburg, Massachusetts. The foundations and underpinnings are of local limestone and Clarksburg 
quartzite, with some blue-stone. The Catholic church and two factories are built of limestone from the local quarries. 
Dr. Babbits’ residence and Mr. Pendeman’s’office are two small edifices built of quartzite; as this contains a little 
pyrites some of the blocks are stained. The new Episcopal church in course of construction will be of blue-stone 
and pressed brick, with Longmeadow and Ohio sandstone trimmings over the windows and doors. The steps 
to the chancel will be of marble and the interior trimmings over the windows of terra-cotta. The railroad depot 
buildings and most of the churches are bnilt of brick. The Hoosac tunnel is at this place, but the material used 
for archways is brick. The streets are paved with stone, the chief part of such pavement being on Eagle street, 
where cobble-stones are used for the purpose. The sidewalk on one block in front of the Wilson house is paved 
with North River blue-stone. Many of the sidewalks are paved with concrete; the curbs are of blue-stone, limestone, 
and quartzite. 


NORTHAMPTON, MASSACHUSETTS. 


There are but two buildings in Northampton entirely constructed of stone, and there are two others with stone 
fronts. The material used for the better class of stone construction is sandstone from Longmeadow, Massachusetts, 
and brownstone from Portland, Connecticut. One of the Congregational churches is built of the former material 
and the Smith Charities building of the latter. The materials used for foundations and underpinnings are sandstone 
and granite from quarries within the limits of the town, as both these formations are here exposed. One or two 
hundred feet of the pavement in front of the court-house is of thinly bedded sandstone from Smith’s ferry ; these 
blocks frequently exhibit rows of “bird tracks” upon them. They are now very much worn and the tracks are 
becoming obliterated. There is a quarry of coarse sandstone very near the Mount Tom station, 3 miles south of 
the main village, which furnishes stone for ordinary puposes of construction in the neighborhood. The streets 
are not paved with stone, with the exception of the space fronting the court-house already mentioned, and the 
sidewalk pavement is mostly of asphalt and brick; curbstones are of granite. The piers of the bridge across the 
Connecticut river are of sandstone from neighboring quarries. 


OGDENSBURG, NEW YORK. 


Limestone from the quarries near this city is of good quality, blue-black in color; and there are some examples 
of excellent stone work built of it, including range work and ashlar. Some of the structures of this limestone have 
Potsdam sandstone trimmings. ‘These two materials when used together make a good harmony of colors, and the 
effect is pleasing. In some portions of these quarries it is necessary to use care in selecting the material, as parts 
of it contain iron. Some of the Ohio sandstones in the structures here have discolored, while others have retained 
their original appearance. There are several stone grist-mills in the city, two of the number being trimmed with 
sandstone from Potsdam and Hammond, Saint Lawrence county; the others are trimmed with native limestone. 
There are some heavy bridge abutments all constructed of limestone from the quarries within the city limits, and 
the breakwater is constructed of the same material. The streets and roadways are macadamized with limestone 
from the local quarries, and a few are paved with Potsdam sandstone; but few of the sidewalks are paved with 
stone, and the material used is the Potsdam sandstone. The curbstones are of Potsdam stone and limestone from 
Chaumont. 


ORANGE, NEW JERSEY. 


The cities of South and East Orange may be said to be noted for the size and elegance of their church edifices. 
They are all substantial buildings; several of them are brick with sandstone trimmings. Sandstone is largely. 
used in cemetery walls, in walls surrounding lawns and other inclosures, in steps, house-trimmings, and in cellars 
and foundations. Nearly all of it has been obtained from the quarries in the faces of First mountain, 2 miles 
west of the town of Orange. The durability of the stone has been tested in the First Presbyterian church, erected 
in 1513, and also in some of the old walls in farm-houses of the surrounding country. The town is also noted for 
its Telford or macadamized roadways, in common with all of Essex county. Many miles of the best roads found in. 
the United States are in this county; they are made of trap-rock from the large quarries in the eastern face of 
Orange or First mountain, a few miles west of Orange, which are all under the management of the Essex Road 
board. (a) 

The following is a list of prominent stone structures in Orange, with materials from which they were constructed : 

Saint Mark’s P. E. church, Grace P. BE. church, First Presbyterian church, Central Presbyterian church, Minn 
Avenue church, South Orange Presbyterian church, all of Orange sandstone; Seuth Orange P. EH. church, trap- 
al Se Se ee ee 





a See Annual Report of the State Geologist of New Jersey, 1871. 
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rock with sandstone trimmings, both from local quarries; Orange Valley Congregational church, trap-rock with 

sandstone trimmings; South Orange Baptist church, Ohio sandstone; Saint Mark’s P. BE. aiuneh and school, 

Mr. J. G. Barker’s Peeidenite. Mr. Davis Collamore’s house! and Mr. Tome’s private residence, all of trap- rock and 
sandstone, from local quarries. 

There is no stone street pavement, excepting the road-bed of ‘the First Street horse-car road, a road which is 
paved partly with rectangular blocks of trap-rock and partly with cobble-stones. The streets wid roadways are 
pretty generally macadamized with trap-rock. The sidewalks are largely paved with stone, and the material used 
for this purpose is the North River blue-stone, from Ulster county, New York. Curbs are of the same material. 


OSWEGO, NEW YORK. 


The Oswego gray sandstone quarried in the vicinity is a good building material, except when set on edge in 
the exterior walls of buildings, in which case it flakes off by the action of dampness and frost. It is not suitable 
for sidewalk paving because its laminated structure causes it to separate into thin layers, when it easily breaks up 
under the action of foot-wear. Limestone from Chaumont, Jefferson county, New York, was used in the piers and 
abutments of the highway and railway bridges crossing fe Oswego river in this city; it was also the principal 
stone used in the two dams across this river. <A portion of the old breakwater now being destroyed consists of 
cut limestone from Chaumont. Fort Ontario—principally an earthwork—has some stone bastions of Oswego gray 
sandstone, and the largest and best quarry in this city is located in the fort grounds. The stone filling in the 
new breakwater cribs consists mostly of hardhead cobbles, with some quarried gray sandstone. Some red 
sandstone, found along the Oswego river about a mile south of its mouth, was used for crib-filling, but, owing to 
its rapid disintegration by wave action, it is no longer used for that purpose. For foundations and underpinnings 
the Oswego gray sandstone quarried in the immediate vicinity and some Chaumont limestone were used. There 
are but three streets paved with stone, and those chiefly with cobble. About half a mile of the 2 miles of paved 
street consists of block stone of materials from Potsdam, Jefferson county, North River blue-stone from Ulster 
county, and Oswego sandstone. The sidewalks are but little paved with stone, and the material used is Cayuga 
Lake stone, with some also from Chenango and Delaware counties. The curbstones are of Chenango County 
sandstone and Chaumont limestone. 


PATERSON, NEW JERSEY. 


There are sandstone quarries in the First mountain, near Paterson, which furnish a large part of the material 
for stone construction in the city. This sandstone is used largely in cellar walls and foundations; the quarries are 
in the eastern face of the mountain within the city limits and above the general level of the city, so that stone is 
afforded at a Jow rate. <A quarry at Haledon, about 3 miles to the northwest, has furnished some material during 
the past season; this is a buff-colored Triassic sandstone resembling the Ohio sandstone. Within the city limits 
there are several old farm-houses, or structures originally built for farmers’ houses, of red sandstone; the durability of 
the material as shown in these buildings is evidence of the value and adaptation to use in stone construction. Some 
of them were probably built of surface rock, that is, of loose blocks found on the surface in clearing up the country 
for farming purposes. In the adjacent parts of Passaic county there are very many old houses built of the native 
sandstone. These houses are usually low, being only a story and a half in height. The stone in the walls is 

sometimes dressed with square edges, and in some instances it is laid up rough-dressed only; and much of it is 
coarse-grained and soft. 

The brown freestone of the Paterson and Little Falls quarries has Hee used extensively in the city, and there 
are many large structures of the material, among which may be mentioned the Passaic County court- Hones and 
jail, and the Roman Catholic church. This material has also been used in the construction of the aqueduct of the 
Water-Power Company, in the bridges over the canal, and in abutments and piers of bridges crossing the Passaic 
river; also largely in walls inclosing lawns and private grounds. The number of miles of graded streets in 
Paterson is 53} ; of this length 2.76 miles are paved with cobble-stones; 0.16 mile with macadamized block pavement, 
the material being brought from New England; 9.44 miles with macadamized Telford pavement; the total number of 
miles of paved streets, 12.36. The sidewalks are largely paved with stone, there being about 25 miles of stone 
sidewalks, and the material used for this purpose is the North River blue-stone, with some stone from Carr’s, 
Sussex county. The curbs are of North River blue-stone. 


PAWTUCKET, RHODE ISLAND. 


The five stone buildings in Pawtucket are constructed of what is known as the ledge stone, which is quarri 
in the vicinity. Foundations and underpinnings are of blue and red slate from ledges in the town, and bowl 
gathered in the vicinity. Some of the underpinnings are of granite from Smithfield and Diamond Hill. A 
mills, excepting two or three, are of brick or wood. There is one large mill made of ledge stone and be 


in the vicinity. There are ledges of slate from yee material is obtained for walls, underpinnings, 
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bowlders are somewhat used for the same purposes. The two materials most used beside brick, for post trimmings 
and sills and underpinnings in the better houses, are granites from Smithfield and from Diamond Hill. The post- 
office front is partially of yellow sandstone, and the remainder is of brick with red sandstone trimmings, and 

‘ several polished columns of red Aberdeen granite which resembles very much the material from Jonesboro’, 
Maine. There are two stone bridges in the city; the upper one, built in 1858, has two arches of granite from a quarry 
in North Providence, near Smithfield. The Division Street bridge is a fine granite structure of 9 arches, and is built 
of granite quarried at Sterling, Connecticut. Only the streets in the central portion of the town are paved, and 
those chiefly with cobble-stones, though in recent years granite blocks of material from Diamond Hill have been 
employed. The sidewalk paving is chiefly of brick and concrete, though Hudson River flags and granite have been 
employed to a limited extent for this purpose. The curbstones are of granite from Diamond Hill and Smithfield, 
with some Hudson River blue-stone. 


PETERSBURG, VIRGINIA. 


There are three stone buildings in Petersburg—one, the custom-house, built of granite from the Namozine 
district, Dinwiddie county, in the immediate vicinity of the city. It is now more than twenty years since it was 
completed, and the stone is remarkably free from discoloration of every kind. That in the foundation, from the 
quarry of Dr. E. W. Lassiter, ranks with the best of building stones; and that in the superstructure is from a 
quarry now abandoned. The two fronts of Connecticut sandstone, on Sycamore street, show signs of decay; the 
material is destructible even in this latitude. The* materials for foundations and all other ordinary purposes are 
obtained from the granite quarries in the immediate vicinity. A few of the streets are paved with cobble-stone ; 
there is very little sidewalk paving of granite from the local quarries, and North River blue-stone, from Rondout, 
New York, has also been used for paving. Curbstones are of local granite. 


PHILADELPHIA, PENNSYLVANIA. 


That stone began to be an important element in construction in Philadelphia from its first settlement, and that 
it has always been preferred to other materials for use in the better class of buildings, we learn from old records 
that occasionally refer to the subject, and from the evidence of stone structures of various dates still standing. 
Many of the first brick houses with stone foundations are still standing in the older parts of the city, and may be 
known by their quaint style of architecture and by the peculiar checkered appearance of their walls, which are built 
of red and glazed bricks, arranged alternately—as the Penn mansion in Letitia court, built in 1682; the Swedes’ 
church, in 1698, and Carpenter’s hall, in 1770. 

Government buildings, and college, school, church, hospital, prison, and most other public buildings are ot 
stone, which has always held the first rank in the construction of the private residences of the wealthier classes. 
Stone is also used to a more than ordinary extent for caps, sills, base courses, corners, and other trimmings of brick ~ 
buildings. One of the most noticeable features of the city, and one which adds much to its appearance of uniformity, 
is due to the custom which has long reigned here of trimming brick buildings with plain marble caps and sills. Of 
late years, however, the custom has not been so rigid, as Connecticut brownstone, Amherst (Ohio) stone, Hummelstown 
(Pennsylvania) brownstone, and North River blue-stone have been extensively used for trimmings. 

A record in the office of revision of taxes in Philadelphia gives the following statistics: Total number of buildings 
in city in 1880, 168,176; number of stone buildings in city in 1880, 10,518; percentage of stone buildings, 6. 

Of the 10,518 buildings classed as stone it is estimated that about 6,000 are constructed entirely of stone, and 
that the remaining 4,518 have stone fronts. 

Until within the last fifty years the rock formations in and near the city had furnished very nearly all the stone 
used for building purposes; within that time Connecticut brownstone, North River blue-stone, New England granite, 
‘Vermont and Massachusetts marbles, Ohio sandstone, Chester county, Pennsylvania, serpentine or greenstone, 
Hummelstown brownstone, Richmond granite, and other stones have been introduced and extensively used for the 
better class of buildings. 

The southern portion of Philadelphia is built on an alluvial deposit of gravel and clay which furnishes nothing 
for building purposes except the smooth, rounded pebbles gathered on the banks of the Delaware, and which have 
been extensively applied to street paving—two-thirds, perhaps, of the pavements in the city being of this material. 

Near the central part of the city, the southern gneissic district, described by Professor Henry D. Rogers, (a) 
sets in. Of the area (129 square miles), including within the present limits of the city all not included in the 
alluvial deposit before described, excepting a few isolated exposures of steatite and serpentine, is made of this 
gneissic formation, and the ground where it prevails is gently rolling and sometimes hilly in its features. The process 
of grading and leveling has been going on to such an extent, especially in the more thickly settled parts of the city, 
that much of this rolling ground has been much modified in appearance. West Philadelphia, Fairmount park, 
Germantown, Manayunk, and other suburbs still retain something of their original features of surface. 





a Vol. I, First Geological Survey of Pennsylvania. 
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Near the Fairmount water-works cliffs of the gneiss are exposed to view, the large reservoir being in fact built 
on a natural elevation of this stone, and most of the masonry in connection with the water-works is of the same 
material. 

Professor Rogers, in the report before mentioned, describes the gneiss substantially as follows: There are 
three principal varieties. The most common and typical variety is a gray-bluish rather finely laminated triple 
mixture of quartz, feldspar, and mica, the quartz for the most part white or transparent, the feldspar usually 
white and very generally somewhat chalky from incipient decomposition, and the mica black or dark brown and in 
small plates. The next most common variety is a dark bluish-gray, sometimes grayish-black, gneiss composed of 
hornblende and quartz with sometimes a little feldspar, the hornblende greatly predominating. A third variety is 
a micaceous quartzose rock generally of a light gray color. Some beds of this variety contain such a predominance 
of the crystalline quartz in minute granular division, and such a subordinate quantity of mica disseminated through 
it, as to give it the character of ordinary gray whetstone. ; 

These three varieties of gneiss, thus described by Professor Rogers, are found in inexhaustible quantities within 
and near the limits of the city, and have been its principal resource for the ruder and plainer purposes of construction. 
It has been freely used in foundations, cellars, inclosure and terrace walls, bridge abutments, piers, wharves, 
rubble pavements, and work of that class, as well as in the construction of private residences and church, school, 
and other public buildings. Foundation and cellar work was all of this material until within the past fifteen years. 
Conshohocken limestone has been extensively used for the same purpose; an exception should perhaps be made also 
in favor of the Trenton brownstone, which has of late years been used to a limited extent for foundations. 

Walls of this Schuylkill gneiss, as it is sometimes called, surround the Girard College grounds, the Eastern 
penitentiary, Laurel Hill, Woodlands, and numerous other cemeteries and public inclosures. Private residences 
were built of it in vicinities where it could be conveniently quarried, and in the early history of the city it was about 
the only source of supply for all purposes of stone construction, as may be seen by an examination of such of the 
structures of the last century and of the early part of the seventeenth century as are yet standing. 

The following are among the buildings having foundations of the Schuylkill gneiss. The house in Letitia court, 
built by order of William Penn, about 1682, the oldest house in Pennsylvania, and said to be the first built within 
the limits of the city; Old Swedes’ church, built in 1698, by settlers from Sweden, and presided over for one hundred 
and thirty years by pastors sent by the court of Stockholm; Carpenter’s hall, built in 1770, and in which the first 
Continental Congress assembled in 1774; Independence hall, where the Declaration of Independence was signed 
July 4, 1776; Christ church on Second street, built in 1727, and numerous old-fashioned and now dilapidated brick 
buildings on Second street and vicinity, which was in ante-Revolutionary days the business and fashionable part 
of the city. 

Although in this locality brick seems to have been the favorite material for superstructures of the more pretentious 
buildings in early times, in the more northern portions, where the gneiss was at hand in inexhaustible quantities 
houses were built entirely of this material. Such parts of the original walls of the Belmont mansion, built in 1742 
in Fairmount park, as are yet standing, are of the Schuylkill gneiss. The Mount Pleasant mansion, so rich in historie 
associations, situated on the opposite side of the Schuylkill from Belmont, is built of rectangular blocks of the 
gneiss. It is the variety which contains considerable feldspar in its composition, and the surface of the stone where 
exposed to the atmosphere seems inclined to roughen and crumble because of the decomposition of that ingredient. 
The walls are covered with a heavy coat of paint, which proves to be quite a valuable protection against the 
decomposing influence of the atmosphere. This house was built about the middle of the last century by Captain 
John McPherson, and it was purchased and occupied by Benedict Arnold while he was military governor of 
Philadelphia during the Revolution. 

The house of John Penn, built in 1785, and still to be seen in the Zoological Gardens, is of this material, and is 
also protected by a coat of paint. The effectiveness of paint in protecting the variety of this gneiss, which contains 
considerable of the vulnerable feldspar in its composition, may also be seen in the portions of the foundations of 
Christ church which are above ground. In places where it has been abraded the roughening and crumbling process 
is going on, while the parts covered by paint remain intact. 

In Germantown, now a suburb of Philadelphia, the Dutch settlers from the first constructed their houses of 
the gneiss which underlies the locality. Colonel Timothy Pickering, who was present at the battle of Germantown, 
writes that most of the houses standing there at that time were of stone. Chief Justice Benjamin Chew’s stone house, 
Clivedon, which is at present occupied by his descendants, and is in a good state of preservation, was assaulted by 
the light artillery of the Americans during the battle for the purpose of dislodging several companies of British 
who had taken refuge there, but the masonry proved so solid that no impression was made except to break the 
windows and doors and destroy the statuary in the inclosed grounds. 

The Woodlands, once a private residence occupied by the Hamilton family, built of rough blocks of the 
Schuylkill gneiss about the time of the Revolution, still stands in Woodlands cemetery. The high massive walls 
and imposing front of the Eastern penitentiary are built of the same material; also a number of churches in the 
central and northern portions of the city. This material is generally very distinctly stratified, the plates of mica 
showing quite plainly the parallel arrangement; but in the older buildings where the stone was used, it was laid 
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up by the masons indiscriminately, apparently to suit their convenience, much of it being set on edge. This is 
particularly noticeable in the foundation walls of the Old Swedes’ church. The stone seems to bear this treatment 
of setting on edge unusually well, showing but little disposition to scale off, and the practice still continues to some 
extent, as was noticed in buildings of recent date, particularly in the case of the buildings of the university of 
Pennsylvania, the foundations and basement stories of which are built of the gneiss. The treatment of setting on 
edge detracts something from the solidity and durability of a wall. Stratified rocks where used as building stone 
should invariably be laid the bed way. 

An examination of many pretentious buildings of stone in this city shows that this important principle even 
now is often disregarded, sometimes in the case of stones least capable of withstanding such treatment. In one 
instance a huge rectangular block of brownstone serving as the base of a fine Corinthian column 6 feet in diameter 
was observed to be set on edge and already much defaced by the spalling off of the stone in thick slices. If the 
same block had been set the bed way, which it would seem could have been done quite as conveniently, no such 
injurious consequences would have resulted. Many of the stones used here for building purposes when set on edge 
will stand considerably less compression than where set bed way, as is demonstrated by crushing tests. _ 

PENNSYLVANIA MARBLE.—The next source from which Philadelphia early began to draw building material 
was the marble in the limestone basin of Montgomery county. This is a narrow isolated strip of what is called by 
Rogers the Auroral limestone, the Siluro-Cambrian limestone of Professor Lesley in the Reports of the Second 
Geological Survey of Pennsylvania, and which is so important a feature farther to the northward in the Kittatinny or 
Cumberland valley. This material appears to have been first quarried by Daniel Hitner, about the time of the 
Revolution, or shortly afterward, (a) and from its close proximity to the city and its superiority in point of beauty 
to the Schuylkill gneiss, which had been the principal source of supply to builders up to this time, its use steadily 
increased from the first. Until 1825 it was transported to the city by teams, but about this time the completion of 
the Schuylkill canal afforded superior means of transportation and gave a great impulse to the use of this marble 
for building purposes in Philadelphia. In many parts of the city at the present time block after block may be seen 
having window caps and sills, and in many cases base courses and steps of this material. Of late years, however, 
New England marble is also largely used for these purposes. 

The Montgomery County marble is distinguished from the other marbles in use here by its bluish color and — 
coarser texture, the peculiarities of appearance being such as to make it easily recognizable after being once observed. 
It continued to be the only material used in the better class of stone construction from the time of its introduction 
to about 1840, when a new era was entered upon by the gradual introduction of brownstone, granites, and marbles 
from more distant points. During its reign of popularity many fine public buildings were constructed of it, among 
which are the Girard bank, built in 1798, the custom-house in 1819, United States mint in 1829, naval asylum in 
1830, Merchants’ exchange in 1832, and Girard college, begun in 1833. The sarcophagi in which rest the bodies 
of George and Martha Washington, at Mount Vernon, were wrought of this marble. A sarcophagus for Henry 
Clay, of Kentucky, is also said to have been made of it. Its reputation for durability is of the highest, but the 
superiority in point of beauty of the marbles from Vermont and Massachusetts and the Italian marble excludes 
it from the highest class of architecture, though it is now extensively used in that large class of stone-work wherein 
beauty is a secondary consideration, as for coping, inclosures, bases of monuments, and all the less ornamental class 
of work in cemeteries. Monuments are also frequently made of it, and in point of durability they often prove equal 
or superior to those made of the finer marbles. 

Of the buildings constructed of Pennsylvania marble, the main Girard College building is by far the most 
considerable. This structure, well known as one of the finest specimens of Corinthian architecture in the world, is 
of Montgomery County marble, except the columns, bases of columns and architraves, which are of marble from 
Egremont, Massachusetts. There is much connected with this building calculated to offer a profitable subject for 
study to all who are interested in stone construction. The wide portico, extending entirely around the building, 
and supported by massive fluted columns, protects the outer walls entirely from wet, thus leaving scarcely any part 
of the building exposed to the destructive elements, excepting the marble roof and the outer steps, parts readily 
replaced when they have yielded to the effects of time. No combustible material enters into its construction nor 
into that of any of the accessory buildings designed for the accommodation of its pupils, and the ample grounds 
with which it is surrounded secure it from any injurious effects that might arise from the burning of adjacent 
buildings. 

Since the transportation facilities by rail and water have enabled builders to choose their materials from a 
wide list, fashion seems to have dominated here to such an extent, as to private residences especially, that particular 


building stones have had their periods of popularity, some longer, and some shorter, when they were used for the 
better class of work to the partial exclusion of other stones. 
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The following list of some of the most important buildings, with the dates or approximate dates of construction, 
will give a general idea of the time of introduction as well as of the periods of greatest popularity of each of the 
principal building stones that have been in use here from the first settlement of the city up to the present time: 


| Material. Name of building. Date of con- 
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eland'’s balding, Thin streeb. 0) ona: = <6s eines ose siaccansee doe saepee 1850-60 

Cope'& Co.'s building; Market street <<... 5. 2. cscccciccaeeceecances 1850-’60 

Thurlow Hughes. @:Co,,, Hitch streeta-- asd escesses cece ae sass ses === 1850-’60 

Commercial Danks ie esd a a eeccciolscaddysercsas > ceee os clccscb' 1850-60 

Philadelphia: National banks 22 Jacicc.cccawecvoe csc cbec-cac ences 1850-’60 

American’ Sunday-School Umiones so. 2s. see aciseeieeosoed- anaes suns sa12 1850-’60 

Hirsh National Hane wows seccaciseecisness anceacwee Laccmssta occas cicas 1865 

Cape Ann, Massachusetts........-.-------- Provident Late Andy Lrnst PULLIN. 2-956 seen sane a etaw case See alee 1865 

Quincy, Massachusetts...... ae At eae als Mean nfacturens! DAM joes ses corte ses Ua ae lcteraecwae oe cmblemamed. 1868 

Eronch;shichards siCo 7s buildingicc- ice sacsccname ccceecletecncmc 1869 

Pennsylvania Life and Trust Company building ..-...........-..-. 1870 

Pennsylvania: Railroad Ofices. 225 sun csece. gs sce ees see eases aes 1870 

Cape Ann and Fox island, Maine........... New Masonic temple (the porch is of Quincy granite) .............. 1872 

Concord, New Hampshire........----.-.-.-- Presbyterian Board of Publication ....-. 2.2220... sccces seicaeccccee 1873 

Westerly, Rhode Island...............-...- New York Mutual Life Insurance building.-..................---- 1875 

Concord and: Richmond pe.cse..5ee ee Memorial Dalle se sarees same Saco oa sianeie cone alte soteten ete ne 1876 

Cape Ann and Qnincys -cccsscasesecsees a4: hid p owayrlbraryiee tenes wes eee ccm ace enon caceceics eee ackinaca es 1876 
Dix island and Richmond Preesscce aces ces -| i NOWEPOSt-OLCO 2. ose nse ¥e cacao toacn op cosebateaeicwansceeieedenceses Unfinished. 

Connecticut brownstone. ..-.. a aete aa aeee e aaa Moyamensing prison (east front).........---.-..0---5s-0-e2 dees ee e- 1835 

SS. Peter and Paul’s Catholic cathedral (front)..........-...------- 1846 

Saint: Markis: byes Church) 22, cameser ea. ot a. iesedeawassneasesem cmcctes 1849 

Bank of Commerce)-....5..----- “SS CES EOS Eros ce aaacenace ee 1850 

Bankon NorthvAmoerioa tees ees sseoas ac sacat ceesticc dense. deme tese se 1850 

Girard Otel sacs aecue stnee sie eae se savior cas ck mangos ates se aaletaa 1850 

OCS eochveben metres WEI 8 0s so ae el SSS ee EASE AA Seiad soca re 1853 

A CAMEMY Ot MEURLON (ELIMITE S) Scas ohis elo sek «face need ras < c's 1855 

Holy Urinity episcopal GHUTCN =. ...rsacesceaeceec dessa cusenaeescoe 1857 

Mirsh BaptshehuLreno. sated .dscicscee ese cas ctcse se wunisdescedes ceases 1857 

Paint Clement ppm t OnUrO Meas =6< cyan; onk's ses ects ones eds e2ececes 1859 

HULEh, Dapuse CUOLO Maes o os ads ce ciae saisaenanieirem es cise aan ine nae 1863 

Union: Leacue house (trimmings) .. 22 st. cccceeccetecnccncaeneseecncs 1864 

Pictou sandstone from Nova Scotia and New | Harrison private residence.......-----.2---+ +++ 2-2 +e eee e eee ee 1851 

Brunswick. SHArMlesHpsrobnars | DIOCK= sees ones dudecas tbs antisctatwsce ten ene cea 1858 

Saraw Dime roes ClOcniCnN DlOCK i. o.. son co3sateds Ueiccka es secwan capes 1860 

Continentalsnouel co opcis>-daloonnae'eccehenace esedsncas e see ve season 1860 


1 
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Material. Name of building. Datn OF Cit 
Marble from— 

Lee, Massachusetts. -2.250 52. cose anew Farmers’ and Mechanics’ bank ....-...22s20--------20-- connec enn ee 1854 
Vermont.........--- seb ane cera aa scams | Harrah private residence...-.-------------------+--22222 ene e ee neene 1855 
Third National bank... -.. 226-250-200 cccecs s censswwecnncsancesscnes= 1863 

Homer & Collady block..-...-.--------0--- concen cennne coneeeenee-s 1866 

Lee, Massachusetts....... 2-5-0 cen0.-- cee Dr. Jayne's private residence .. .-.-..---.-.s200 ceeeceeene- oe - neon 1867 
Vermont =-saerecne = pMe a nok <Subeweateceaes Haffleigh’s building. .-.3 2-5 veen= snc ces sees = see anew ee aageenent=s 1868 

| White’s building, corner Twelfth and Chestnut streets -.----..---- 1869 

Vermont and Lee, Massachusetts.........- | Widely biddie. o..5 cb erent weep eet eee cee eee ree menee reee 1869 
Vermont.)s ins ncpscs coped tae senonccote eenas h\.G. W. Childs’ private residences. .cceccseceesorinchecurtoeae ne eescr 1871 
Lee; eMassachusettssecccesses += stones coebee Philadelphia Trust and Safe Deposit...........----------------+--- 1874 
Wermonts snes anasceeoseset- cc mes ceen eat Saint George’s hall (except front) ....... 0... scecsencsecnccrcatene 1876 
Baker building seo .nwecepeean. Devnsdsies sscee ee deen eeaaes sees Mecieas 1879 

Lee, Massachusetts..22-2. 2325.23 2-so.cn sen | AN@w. city buildings irene ecssse adam seca aces cs ei as nema hee Unfinished. 
Serpentine, Chester county ......-..-.---.----- Beth Bden.church®2-s asassoepsscnaisesaesmaen dee aches acessenweennes 1868 
University of Pennsylvania: 0. .ssccseecsceecenenbeaeneesnwacuce 1871 

Memorial Baptistichurchs. 2... n<ccs se acecasspemoencassgeareccenae™ 1874 

Holy Commumion'cburchioercs cheese esss se peee sae ee eee eee eames 1875 

Girls" normal schoo): 22 ss 2cceu cate «none panaeaichemerieeecineh cemins 1876 

Academy of Natural Sciences. 2... ....sscccscestcunsnsncuscaccsses 3876 

Ohio sandstone ...2- o--sen cae eue ee seca eke | Young Men’s Christian Association. ..........20..c0e.0.s--escccece 1868 
Academy of Fine Arts (trimmings): .-.. 5... 225.0. 0.cescsnencsseneue 1870 

Residence of Bloomfield Moore... 2... 2... scence ccc cc cacacsnccces 1875 

Girls’ normal school! (trimmings) /<.-.- 5 2s25-.cccw css scccssnonsee ss 1876 

Academy of Natural Sciences (trimmings) ....-.-.--.--.----------- 1876 

Second Reformed Episcopal church............-..---0.scece= seccee 1878 

Horticultural hail (trimmings) Vi2-.sscncnsiccncctsn onsen cus seme te 1881 

Now; clty:bnilding (trimmings) ooo... oe ents casas paves a waeeaet Unfinished. 

Saint Agatha’s church, Roman Catholic (partly) ...........----.--|-.-.---------- 

Saint; Luke's Episcopal clinrch (partly) »...---. 22. ..-3<- 52s nesees|~aeeiseeneenes 

Hummellstown, Pennsylvania, brownstone...., Academy of Fine Arts (basement).....-..----.-.---------++-+++--- 1870 
Holy Communion church (trimmings) .............----------------- 1875 

Academy of Natural Sciences (basement) ............-------------- 1876 

Philadelphia library (Grimmintes). — euec pene ses © -easacr suena sce = 1877 

Building corner Fourth and Chestnut (trimmings) .-.--...-----..-..- 1882 

Building corner Third and Walnut (trimmings)....----..---------- 1882 

| Building corner Fifth and Walnut (trimmings)......-...-.-.....--- 1882 

| Building corner Twenty-second and Walnut (trimmings) ......---- 1882 

| Building corner Eighteenth and Spruce (trimmings) ..-..--.... ate 1882 





GRANITE.—The Moyamensing prison, built (1835) in gothic castle style, principally of Quincy granite, was 
probably the first building in Philadelphia in which granite was used. There is a streak of rust on the outside of 
the wall running down from each embrasure of the battlement, caused apparently by the streams of water 
directed through these openings in rainy weather. Parts of the wall protected from the streams of water retain 
their original color, a little dulled by time. 

Among the most notable buildings of granite in Philadelphia are: 

The new Masonic temple, Norman style of architecture, said to be the finest structure belonging to the order in 
the world. The porch is a very elaborate and ornate piece of work of Quincy granite. 

The Ridgeway Library, Grecian architecture, situated in the center of ample grounds so as to be protected from 
injury by the burning of adjacent buildings—an advantage not possessed by some of the fine structures of granite 
here. 

Memorial hall, erected to commemorate the one hundredth anniversary of the independence of the United 
States, is of the modern renaissance style of architecture, and cost $1,500,000; it has also extensive grounds 
surrounding it in Fairmount park. 

The new post-office building on Chestnut street, a most beautiful structure of the French renaissance style, is 
approaching completion, and will cost when finished about $4,000,000. 

The particular kinds of granite from which the buildings above mentioned are constructed are given in a list of 
the granite buildings. Cape Ann and Quincy are the kinds of granite most used in Philadelphia for general building 
purposes—the Quincy, which takes a superior polish, for the more ornamental work, and the Cape Ann for rougher 
work. 

The polished red-granite columns in the fronts of many of the business and public buildings are mostly of Bay 
of Fundy granite; Maine, Quincy pink, and Aberdeen Scotch granite being also used to some extent for the same 
purpose. The bluish-gray polished columns are of Quincy granite. Concord, New Hampshire; Westerly, Rhode 


Island ; Dix island, Maine; Richmond, Virginia, and other points have also farnished considerable of that material 
for ee Shikhats sGtanpe’ in Philadelpnia: 
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CONNECTICUT BROWNSTONE.—That portion of the Philadelphia County prison formerly used for the debtors’ 
department was built about 1835, of Connecticut brownstone, and is among the first, if not the very first, instance 
of its use as a building material in Philadelphia. The nature of the stone seems to have been but little understood 
by the builders, as the blocks are nearly all set on edge, evidently for the purpose of making the material “go” 
as far as possible, as well as to facilitate the dressing. The blocks are exfoliating and separating into layers. 
Occasional blocks set the bedway are still sound. Experienced builders here say that this stone should be 
quarried before the winter, so that it may receive a certain seasoning, in order that the frost acting on the natural 
dampness within a block on being first quarried may not disintegrate it. In the old Masonic temple, Chestnut 
street, built of Connecticut brownstone in 1853, the rather slender carved ornamentation of the cathedral style 
of architecture at the top of its front had to be removed on account of its falling off piece by piece. This 
disintegration was probably due to the exposed position at the top of a high building and to the slender character 
of the work. 

The principal use of this stone here has been for fronts of private residences, three-fifths or more of the fine 
stone fronts of private residences on Walnut, Chestnut, Spruce, and other principal streets being of this material 
One of its most noticeable characteristics is the fresh, new appearance which it always retains, and in buildings here, 
where the material has been handled properly, it has shown itself to be substantial and durable. It is estimated 
that, including the Trenton, New Jersey, and the Yardleyville and Hummelstown, Pennsylvania, with the Connecticut 
brownstone, the geological formation to which they all belong (generally ascribed to the Triassic period), has 
furnished the material for about one-fourth of the whole number of stone buildings now standing in Philadelphia. 
The materials from this formation quarried at the different places above mentioned, and used in Philadelphia, 
though having some characteristics in common, are widely different in some respects. The Connecticut stone is of 
a lively and pleasing reddish-brown color; that from Trenton, New Jersey, and Yardleyville, Pennsylvania, known 
as the Trenton brownstone, is of a dull, grayish-brown color, and the Hummelstown stone a peculiar bluish-brown. 
The Trenton brownstone has been much used here for rubble work in the walls of school buildings and churches, 
and for foundations. The facility with which it is transported by water down the Delaware favors its use. 

The Hummelstown brownstone, the hardest and most compact of all these brownstones, has been introduced 
here within the last fifteen years, and is used principally for trimmings in buildings of other stones and in brick 
buildings, giving avery pleasing effect. This stone as yet shows no evidence of disintegration in any of the buildings 
in which it has been used, and has the reputation here of being quite substantial and durable. 

VERMONT AND MASSACHUSETTS MARBLE.—Though many of the more pretentious public edifices in this city 
were constructed before the introduction of the New England marbles, the most considerable of them all, the new 
city building now in course of construction, is of Lee, Massachusetts, marble, similar to that in the wings of the 
Capitol at Washington. Pennsylvania marble is used in some of its inner arched passage-ways, Ohio sandstone 
for some of its trimmings, Bay of. Fundy red and Quincy granite for polished columns, and Richmond granite for 
foundation walls. It is estimated that the cost of this building when completed will be $10,000,000. 

The Fidelity block, Baptist Publication Society’s building, Third National bank, private residence of G. W. 
Childs, esq., that of Dr. Jayne, the Philadelphia Trust and Safe Deposit building, Guy’s hotel, and many other 
equally fine buildings, have been constructed of the Vermont and the Lee, Massachusetts, marbles during the last 
twenty years. Quite a large proportion of the Vermont marble used here is for trimmings of houses and for 
monumental and other cemetery work. 

OHIO STONE.—Ohio stone, as it is called here, quarried in the Berea grit of the sub-Carboniferous period, at 
Amherst, Berea, and other places in northern Ohio, has been much used in Philadelphia for fronts of private 
residences and for trimmings and ornamental work. The Young Men’s Christian Association building, the Second 
Reformed Episcopal church, pyramid of the Gardel monument in Mount Vernon cemetery, and canopy over the 
soldiers’ monument at Girard college are some of the structures of the Ohio stone in Philadelphia. 

CHESTER COUNTY SERPENTINE.—The green serpentine of Chester county, Pennsylvania, was quite popular 
in Philadelphia a few years back, and was extensively used in the construction of churches, school buildings, and 
private residences, especially in West Philadelphia. It is proving here to be substantial and durable, but there is 
much difference of taste concerning its color and general appearance. It is customary to trim buildings of the 
serpentine with brownstone, Ohio, and other building-stones. The buildings of the university of Pennsylvania. 
are the most extensive constructed of this stone. 

FOREIGN BUILDING STONES.—Foreign building-stones have not been used in Philadelphia for outside work 
except in rare instances. There is a front on Walnut street of red sandstone from Carlisle, England, and colored. 
Italian, Lisbon, German, and other foreign marbles have been used slightly for inside ornamental work; the 
principal part of this work, however, is of Tennessee marble, with some Lake Champlain marble. Occasionally a 
block of fine statuary marble is imported from Carrara, Italy, and for cemetery work the Serivezzia Italian marble 
is quite extensively used, though it has been rapidly giving place to the Vermont marbles. 

The Pictou sandstone, quarried in Nova Scotia and New Brunswick, a stone resembling the Ohio very much in 
color, is not at present used in Philadelphia, though a number of business houses and private residences were built 
of it between 1850 and 1860. 
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USE OF VARIOUS STONES.—The following estimates received from the most reliable sources accessible show 
approximately the extent to which some of the principal building stones have been used in Philadelphia during 
1881: : 


Cubic feet. 
Granite Uo. 22 - c oes ce ote co ee ee ee Selo rae Satna sis sels wisieiee Miaabeie ete eromaile sae y state e cial retails stetete teeiatera Sree tee ate 250, 000 
OY E00 Ce eee ery eae ES es 2 eR A arrsch SS DE CREEL QIMpT® CSG 200 Sabo NUcos oe San Cais bee 135, 000 
Serpentine (Chester county) .-----.----------2 eee ne eee ee ee eee ee en ene een ce ee eee ne cee ee eee eee 50, 000 
Connecticut’ brownstoneee oo. vane = cette eins enteral ete ote ee eres ee eines Jiaaeins AN ets ie ees ee 25, 000 
Pennsylvania marble .... . 2. cece cece en woe n eee snes weenie ne nee ewe own con cee wns one cnr aee nse se no n== 25, 000 
Italian marble (cemetery work) ::-- 2. -/ 222. 22 occ see tew succes pon eeh sn ene n= eens ee eerels tae eens == rabies s = 25, 000 
Hummelstown brownstone sac cctevc.c 2c | te ete ste cela = Uiete ree ole te a let in ree eh a tiem ele etter a ete a ote ese tne eee 21, 000 
Ohio sandstone. 22. Seine ecisee lee can sete elses Sic ome ete eet alee, delete elie cht Tate er ke are ot et nee eet eee er 20,000 


The following are estimates of the amounts of some of the principal stones used for paving, rubble work, 
foundations, inside ornamental work, etc., in Philadelphia during 1881: 


North River blue-stone (Pennsylvania and New York), used for'sidewalk paving..-.-.-.---. square feet.. 1,000, 000 
Conshohocken limestone, foundations and bridge abutments ............--------------.----- cubic feet-. 200, 000 
Schuylkill gneiss, foundations and rubble work......-...--.. -.+------------<-- eth s eomecmace doz-ees 150, 000 
Trenton brownstone, foundations and rubble works. 22. ee ae sleee pe aes Soe eles s ee ce =~ nalecemiieels dorenae 75, 000 
Vermont colored marble, inside ornamental work, tiling, ete.....-...--.-....1-.-.--.----------- dws ses 4, 000 
Tennessee marble, inside ornamental work eck (S25. cece sears ee tena as ieee elepieee sce eet eeere dozees: 2,500 


Of the 10,518 stone buildings, including those with stone fronts, within the present limits of the city, it is 
estimated that about one-fifth of the number are constructed of Schuylkill gneiss; one-fifth of Pennsylvania and New 
England marble; one-sixth of Connecticut brownstone; one-twelfth of Trenton brownstone; one tenth of Chester 
County serpentine; one-tenth or less of granite; and the remainder of Ohio sandstone, Hummelstown brownstone, 
Pictou sandstone, and a few others. Owing, however, to the number of large public buildings, such as the Girard 
college, new city hall, custom-house, mint, naval asylum, etc., in which marble has been used, and to the custom 
of trimming brick buildings with marble, the quantity of that material used is probably much greater than that of 
any of the others mentioned. 

Granite being the material used in many large structures, such as Memorial hall, new post-office, Masonic 
temple, and Ridgeway library, the quantity of it used here will also reach a high figure. 

The estimates of the number of buildings of each kind of stone, though carefully made, cannot lay any claim 
to accuracy, but it is believed that with other data given they are sufficiently close to give a good general idea of 
the extent to which those materials have been used for purposes of construction in Philadelphia. 

Cemeteries.—For the better class of monumental and other cemetery work Vermont marble, Italian marble, and 
granite from various places are all extensively used in Philadelphia. 

The use of granite for the more expensive monuments is steadily gaining ground; Quincy, Cape Ann, Fox 
Island, Hallowell, Westerly, and Richmond granites are some of the stones used. 

Montgomery County or Pennsylvania marble is extensively used for bases, curbing, coping, inclosures, etc., and 
occasionally for monuments. 

Schuylkill gneiss is used to some extent for the rougher parts of the cemetery work. Ohio stone and Connecticut 
brownstone are used in a few instances for monumental work. 

Among the most notable of the many elegant monuments and tombs in the different cemeteries are: The Kane 
tomb at Laurel Hill, in which lies the body of the celebrated Arctic explorer. It is excavated in a bed of the 
Schuylkill gneiss and faced with massive granite blocks in Egyptian style. The monument to T. Buchanan Read, 
at Laurel Hill, a polished granite monolith 30 feet in height; the Gardel monument, in Mount Vernon cemetery, 
consisting of a pyramid of Berea, Ohio, stone, with life-size statuary, executed at Bruxelles; the Drexel mausoleum, 
of marble, in Woodlands cemetery; granite shaft in Woodlands cemetery to Admiral Charles Stewart. 

Tn the church-yard of the Old Swedes’ church the first témbstones were of soap-stone quarried at Wissahickon, 
on the Schuylkill, a short distance above Philadelphia. Several of these stones yet remain, bearing dates from 1708 
to 1773, and the inscriptions are yet quite legible in most instances, while many of the inscriptions on the marble 
stones of much later date are effaced. The process of decay in the case of the old marble head-stones appears to 
be by the dissolving of the carbonate of lime by exposure to the weather, leaving a rough surface, caused by the 
projection of the more siliceous particles, which finally fall off; the process is repeated, and in time the inscriptions 
en effaced. Some of the fine marble monumental work of late years in the new cemeteries is protected by canopies 
of stone. 

The soap-stone was also used for tombstones in the yard of Christ church contemporaneously with its use in the 
Old Swedes’ church, and it may be stated that the same material was used for steps, trimmings, ete., until the 
Pennsylvania marble was introduced for those purposes in the latter part of the last century. The soap-stone was 
used for trimmings in Christ church, the old state-house, and other buildings of an early date. It is soft and easily 
wrought, but is of unequal hardness on account of having lumps of imperfectly-crystallized serpentine in its 


composition, causing it to wear unequally, hence it was rejected as soon as the better-adapted Pennsylvania 
marble came into use. 
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The graves of Benjamin Franklin and his wife Deborah, in Christ Church yard, Arch street, have a plain 
horizontal slab, apparently of Hitner’s white Pennsylvania marble, bearing simply the names of the deceased. The 
stone is undergoing the same process of decay as the other old marble tombstones before described. 

Bridges.—The Delaware not being bridged at Philadelphia, on account of the interference it would offer to 
navigation, the bridge work is confined to the Schuylkill. 

In Christian Street bridge Cape Ann granite is used; Girard Avenue bridge, Maine granite; Fairmount bridge, 
Fox Island granite; Pennsylvania Railroad bridge, Girard avenue, partly of Trenton brownstone—granite and 
Sehuylkill gneiss being also used. Conshohocken limestone, Port Deposit stone, and Conewago granite (trap or 
diabase) from near Harrisburg have also been used in bridge abutments. The Schuylkill gneiss was the first 
material used here for the construction of bridge abutments. 

Roojing.—Slate for roofing is quite extensively used in Philadelphia, there being abundant supplies of the 

material within easy reach. Lehigh slate from Lehigh and Northampton counties, and Peach Bottom slate from 
York county, near Mason and Dixon’s line, are extensively used. 

The Lehigh slate quarried from strata of Hudson River age resting on the Siluro- Cambrian formation of the 
great valley known in different parts of it as the Kittatinny, Cumberland, or Shenandoah, is the least expensive 
and most extensively used. The Peach Bottom slate of Archean age, of excellent quality as roofing slate, is 
much used for roofing the better class of buildings. 

Strect paving.—On the 24th of November, 1718, the common council resolved that— 

Whereas several of the inhabitants of the city have voluntarily gone into the paving of ye Kennel to the middle of the streets before 
their respective tenements with pebble-stone, and many are leveling to follow their example. But for as much as what is already done 
is very much damnified by the excessive weight of carriages, and will be every day more and more, unless some means are speedily taken 
to prevent the same, an ordinance is brought to prevent the cartmen and others their carrying such excessive loads. 

We learn that the first regular paving of a street was due to an accident. A manon horseback being mired and 
thrown from his horse, breaking his leg, a subscription was raised and the street paved with pebbles from the 
river bank. In 1719 many sidewalks were being paved with brick, and the eartway with vobble-stone. 

In 1750 the grand jury represented the great need of paved streets, “so as to remedy the extreme dirtiness 
and miry state of the streets”; but the first general effort worthy of mention to pave the streets was made in 
1761~62, and even then the only means applied to the purpose was that produced by lotteries. 

The extreme inconvenience of unpaved thoroughfares was much felt from the beginning, and such old records 
as are now accessible show that frequent spasmodic attempts to remedy the defect were made, but for a long time 
little was done, and that little not of a substantial or permanent character. 

Some of the streets had their channels or gutters in the middle. In cases where the streets were elevated and 
had a gutter at each side, they were defended by posts, curbstones not having yet come into use. 

The first curbstones were set in Water street, from High street (now Market) to Arch street, about 1786~88. 
They were of the Schuylkill gneiss, and some of them yet remain, though in a much worn and battered condition. 

For the middle of the street, cobble- and rubble-stones continued to be about the only material used until 1848, 
when cubical blocks of granite having an edge of about a foot began to be introduced; Chestnut street in front of 
the custom-house and post-office was paved with the cubical blocks about this time. For some years these large 
cubical blocks were quite popular for paving purposes. In 1852 an ordinance was passed requiring owners of lots 
to set heavy granite curbstones between the sidewalk and street where paved with cubical blocks. 

In 1854 the mayor was authorized to expend $50,000 in paving streets with the cubical blocks. The cubical- 
block pavements, though unsurpassed in regard to solidity and durability, soon came to be objectionable, since 
the surface of the large blocks wore smooth, and hence afforded but an uncertain foothold for horses. This 
difficulty was sought to be remedied by using small (Belgian) blocks 4 inches square, and a secure foothold for 
horses was thus obtained, but experience soon showed that with a width of about 4 inches the length of the 
block might be increased to a foot or more, thus securing a more solid pavement without sacrificing any other. 
merit. 

Some of the cubical-block pavement, so much of which was laid when in the zenith of its popularity, about 
thirty years ago, still remains in Chestnut and some other principal streets. 

The following statistics were obtained at the office of the commissioner of highways and from other reliable 
sources : 


NuMmDErOL miles Of paved streets in Philadelphia 21 ora sweem cas vow ends ee nnnresnmes anne wees tone ees vea- cena r= 900 
Numiemoninties of unpaved streets i Philadel phiaiagey tem ce aac seca nese nes cesta ac dain ote oem encode cis ~ m= 1, 100 
Number of miles of granite-block pavement... .-. ..- 22. ..--20 . 22202 noe cee ene ter cee ween e ee neces ce eee ones 50 
Nummer o1 miles Of Cubical, Belgian, etc. (estimated Awe. 2c c 0s aces foe ses eens samwececcnee hecsen corserss 2 
Number of milesior, cobble-stone pavement (estimated) soe. J2-- 2. 255). cae ~ penne em eelerc ace aa sees cess ece 600 
Number of miles of rubbie-stone pavement (estimated) .-- 2... -- 2. wc eens come ne poe ene eee e ce eens cee ee een ne 248 
Number of miles of pavement of Cape Ann granite (estimated) .....---. Pe ae ENN Ue olan na ata 2 neisiean eo 44 
Number of miles of pavement of Richmond granite (estimated) ...-..---...--.------------+ +--+ -- +e - eee eee 3 
Number of miles of pavement of Port Deposit gneiss, Schuylkill gneiss, Jersey City trap, North River blue-stone, 

GLOr COSINAM GIRL ae CE pk. sce p cedee gant sulmenee anes 6 scccs dunwes seamen ovse Ureene rete Sengigegens fenes- 5 


It will be seen by the above statistics that cape Ann, Massachusetts, is the main source of supply for granite 
blocks. The blocks are shaped at the quarry and shipped here by water. 
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Each of the principal street railways, by a late ordinance, is required to pave with granite blocks one mile of 
the street through which it runs; and this is the style of pavement now preferred. 

The standard size of this block, 12 by 4 by 6 inches deep, is not rigidly adhered to with regard to the length, 
the blocks generally varying from 8 to 14 inches in length. Experience has shown that if the width be kept at 
about 4 inches and the block laid crosswise of the street, a sufficiently good foothold is secured for horses, even 
though the length should vary considerably. The practice here is to have.the block about 4 inches wide, from 8 
inches upward in length, and 6 or 7 inches in depth; blocks of these dimensions laid on a bed of gravel seem to 
give the most satisfactory results. 

Sidewalk paving.—The sidewalk paving is left to private enterprise, each owner of a lot paving the sidewalks 
opposite to it according to circumstances. Brick is the main dependence for this purpose, though North River blue- 
stone is used almost exclusively for the better class of sidewalk paving. The North River blue-stone is now 
obtained, not only from Ulster county, New York, and neighboring districts on the Hudson, but from Pike county, 
Pennsylvania, where beds of flagging of the same formation, and equally well adapted to the purpose, have lately 
been developed. 

The North River blue-stone has the reputation here of being perfectiy adapted to the purpose of sidewalk paving. 
It is readily quarried in flags of the required thickness; the surface is even, the material so hard that there is no 
perceptible yielding to foot-wear, and there is a peculiar grit that prevents the surface from becoming slippery. It 
is estimated that there are 100 miles of stone sidewalk paving in the city, the greater part of which is of this 
stone, which was introduced here as early as 1835, or thereabout. During 1881 about 1,000,000 square feet of 
North River blue-stone was used in Philadeiphia for sidewalk paving, and thicker layers of the material are used to 
some extent for trimmings of houses. The estimate given includes stone brought both from the New York quarries 
and from those near Pond Eddy and Shohola, in Pike county, Pennsylvania. 

The sidewalks in front of some of the larger business houses on Chestnut street are paved with large flags of 
Cape Ann, Richmond, and other gfanites, which flags serve also as vault covers. It is found necessary to “ridge” 
the granite flags, as otherwise they become so slippery as to afford but an insecure foothold for pedestrians. 

Slate from Lehigh county, Pennsylvania, has also been made use of to some extent for sidewalk paving. A 
good example of its conduct when used for flagging is seen in front of Independence hal], where the material is 
used. Such parts of the pavement as remain whole have a very even surface; but the slates, being laminated or in 
layers adhering together, are rapidly shelling or separating into thin plates by the action of water and frost. 

The Wyoming blue-stone is also used for sidewalk paving to a limited extent, but the flags from the upper layers 
of these quarries are generally laminated, and, like the Lehigh slate, are disintegrated by water and frost, though 
the lower layers furnish material free from this objection, and which is in every way excellently adapted to the 
purpose of paving. The best curbstones in use here are of granite about 8 inches wide, 2 feet deep, and from 6 
to 10 feet and upward in length. 

Asphalt is but little used for paving in Philadelphia, and is mostly iether ise to some walks in Fairmount park, 
and a few small areas laid by private individuals. 


PITTSBURGH, PENNSYLVANIA. 


Several important buildings were constructed of the local stone (Morgantown sandstone of the Second Geological 
Survey of Pennsylvania), quarried within the limits of Pittsburgh, before its destructible nature was understood. The 
stone in all these buildings is being rapidly disintegrated by the action of the atmosphere. The native stone, 
however, in the construction of by far the greater part of the cellar and other underground work, is still used, and 
is thought to be durable when protected from the atmosphere. 

Sandstone from Baden, Beaver county, Pennsylvania, a material easily dressed and durable, is largely employed 
for foundations, caps, sills, etc. The color of this stone is locally called “pepper and salt”, owing to the presence 
of little brown specks of iron oxide throughout it. This characteristic renders it readily distinguishable from other 
Beaver County stones; its texture is rather coarse. Sandstone from Homewood, in the same county, is largely 
used for bridge abutments and for other rough building purposes. It is hard to dress, and hence is not a favorite 
where fine work is required. It is a durable stone, resisting the action of the atmosphere quite well. The Homewood 
sandstone is a well-known horizon of the Lower Coal Measures. 

The quarries at Freeport, Pennsylvania, which formerly furnished considerable building stone at Pittsburgh, 
are not operated at present; however, near the last-named place, at Lucesco, Westmoreland county, there is a 
quarry which is beginning to furnish some stone for cellars and foundations at Pittsburgh. Some of the street 
paving stone and most of the sidewalk paving stone is brought from flag quarries on the Monongahela river, in 
Allegheny and Fayette counties. It is a very hard bluish-colored material, which comes out in convenient shape 
for flagging, and resists quite well the kind of wear to which it is subjected. One of the principal sources of paving 
blocks is Banning’s quarry, near Connellsville, Fayette county. One or two churches and business blocks are 
built of Massillon sandstone, which is used to a considerable extent for finer grades of work. 
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The Smithfield Street German church, constructed of Massillon sandstone, shows signs of crumbling in one or 
two places. This church was constructed with two disconnected walls side by side; the outside one very thin and 
with many of the stones on edge, the inside one undressed and carelessly put up. This is but one of many instances 
in which a stone suffers by being improperly handled rather than through defects in the material itself. 

The Ohio sandstone is employed to some extent for the more ornamental stone-work. The Allegheny court-house, 
built of the Morgantown sandstone quarried in the vicinity, the stone in the walls of which was rapidly disintegrating, 
was lately burned. The atmosphere of Pittsburgh is severe on building stones. In the large number of iron and 
other manufacturing establishments an immense amount of bituminous coal is consumed, and a cloud of sulphurous 
smoke continually envelops the city. At times the fog is so dense that gas must be lighted during the day. 

There are two or three buildings constructed of Niagara limestone from Lemont, Illinois, and there is one 
building—the Dollar Savings bank—with a front of Connecticut brownstone. The streets are largely paved with 
stone, and besides the paving blocks already mentioned, which are used for the better class of street paving, cobble- 
stones from the Allegheny river are more extensively used for that purpose than any other material. There is 
considerable stone sidewalk paving, though brick is generally used for this purpose. For the portions which are 
of stone, flag-stone from points in Allegheny and Fayette counties is chiefly used. Flagging from Warren, Ohio, 
is also used to some extent; also sandstone from Baden and Homewood, in Beaver county. The wharves are 
constructed of cobble-stones taken from the bed of the Allegheny river. The abutments of several of the older 
bridges across the Allegheny and the Monogahela rivers are built of the native stone quarried within the limits of 
the city of Pittsburgh. Bridge abutments are now built of the massive sandstones from Beaver and Homewood. 
Sawmill Run wall, which holds up the embankment of the Pittsburgh, Cincinnati, and Saint Louis railroad, along 
the south bank of the Monongahela river, is built of a sandstone similar to the local stone from the railroad 
company’s quarry near Walker station, Allegheny county. For all first-class cemetery work granite is preferred, 
owing to the peculiar severity of the atmosphere. 


PITTSFIELD, MASSACHUSETTS. 


The following is a list of stone buildings in Pittsfield, with the materials of which they are constructed: The 
Berkshire County court-house, of white marble from Sheffield; the public library, of Longmeadow granite; the 
house and barn of Mr. Thomas Allen, of Quincy granite; one house built of limestone from New York; farm-house 
of Mr. A. A. Rice, of cobble-stone found in the vicinity. 

There are no important quarries here, and surface stone, stated by Professor C. H. Hitchcock to be of Cambro- 
Silurian limestone of the Berkshire valley—called the Stockbridge limestone by Professor Emmons—is found in the 
vicinity and is used for foundations and underpinnings.’ There are also some small limestone quarries from which 
the material is obtained for these. purposes. The soil everywhere is full of rough limestone blocks of quartzite— 
cobble-stone of Potsdam sandstone age, according to Professor Hitchcock—and where cellars are dug much of the 
stone taken from the excavations is broken and used for the walls. In many places in the vicinity the limestone 
ledge crops out, but has never been quarried to any great depth. The streets are not paved with stone, excepting 
the gutters, which are usually paved with cobble-stones. The sidewalks of about half a mile of the business streets 
are paved with North River blue-stone, and the remainder of the sidewalks with concrete. The curbtsones are a 
blue flagging, said to have come from Catskill, with some limestone from a local quarry. 


PORTLAND, MAINE. 


The material chiefly used for the better class of work is granite from Hallowell, Biddeford, Spruce Head, and 
Yarmouth. Next in importance is the Nova Scotia sandstone, used for fronts. There are four churches built of 
material obtained from rough granite bowlders found in the vicinity of Portland; one building is of Vermont marble. 
Stone for foundations, cellar walls, and work of that class, is rough granite bowlders obtained in the immediate 
vicinity of the city; underpinnings are of granite from Biddeford, Yarmouth, and Spruce Head; in the steps, 
posts, and basements of better houses, the following granites appear to have been used: Spruce Head and Biddeford, 
quite extensively; also Portsmouth, and Hallowell granites; Yarmouth and Hallowell granites are used in fronts, 
sills, and trimmings. The Spruce Head granite is especially conspicuous by its patches and its freshness even after 
a long exposure. One old building is fronted with Quincy granite. The granite from the Maine Central quarry at 
North Jay has been used only in the trimmings of the Maine Central Railroad office. Iron railings in the elaborately- 
wrought granite supports invariably discolor the blocks; even the smallest piece of iron at a considerable height 
discolors everything below it. Part of the breakwater in the harbor is built of granite from mount Waldo and 
Bluehill. Forts Preble, Gorges, and Scammel are of granite from Mount Waldo, Biddeford, Spruce Head and 
perhaps other places. The post-office is a large and beautiful building of Vermont marble, with fluted columns, and 
considerable carved work, the best being of Hallowell granite. The custom-house is a very beautiful granite building 
of Hallowell and Concord granite, the main building being of Concord, while the towers are of Hallowell granite. 


/ 
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The city hall, quite a large structure, has a front of fine yellow sandstone from Nova Scotia and a basement of granite. 
Several churches and the Emory block are built of granite, chiefly from Hallowell; also, some are built of irregular 
pieces of sappy slate and mica-schist picked up in the vicinity of Portland, with granite trimmings; one or two of 
these have square blocks of quarried granite interposed, which give them a peculiar appearance. The Centennial 
block has a front of red and yellow Nova Scotia sandstone, and two beautiful polished granite columns of material 
from Red Beach, Maine. The county jail is built of Biddeford granite. Stone is now used exclusively in paving such 
streets as are paved, and the material formerly used for this purpose was cobble-stones from Cranberry islands and 
East Maine; the material now used is granite blocks from Yarmouth, Halloweil, and Fox island. There is a small 
amount of stone in sidewalk pavements, of Hudson River flags, but brick is the material chiefly used for paving. 
The curbstones are of granite from Falmouth and the vicinity of Portland usually, but granites from Yarmouth and 
Hallowell, and some from Sprace Head, were so used. 


POTTSVILLE, PENNSYLVANIA. 


Pottsville is very picturesquely situated close to the foot of the mountains and partially on their sides, all of ° 
the ground on which the city is situated being uneven, thus making considerable stone-work necessary for bringing 
the bases of buildings to a level, and also for terrace walls and other purposes necessary in cities built on very 
uneven ground. Montgomery County marble has been used to some extent for steps, base courses, sills, and other 
trimmings; also some Vermont marble for the same purposes. Ohio sandstone was used for trimmings in the 
Miners’ Journal building, a fine structure of brick. New England granite has been used in a few important business 
buildings for steps. Goldsboro’ brownstone is used in two or three buildings for trimmings; it approaches 
Connecticut brownstone in color more nearly than does the Hummelstown of the same formation. ; 

In several buildings the bad effects of placing the stone edgewise instead of the bed way are manifested by the 
disintegration of the material. Edging proves to be particularly injurious to the brownstone—less so in the case of 
marble, still less so with the Pottsville conglomerates and laminated granites; but it is desirable to avoid the 
practice in all cases, as experience proves. The Henry Clay monument, on the side of the hill above the Miners’ 
Journal building, is of iron with base of Pottsville conglomerate, a material abundantly exposed near Pottsville. 
The largest stove structure in the city is the Schuylkill County prison; the front of this building is of Trenton 
brownstone of Triassic age; the architecture is of the castellated style, and the side and rear walls are constructed 
of Pottsville conglomerate. 

For cemetery work New England and Italian marble, brownstone occasionally, and some granite, have been 
used. Besides the stone buildings enumerated there are about 200 buildings with considerable stone in their 
structure in the way of base courses, caps, sills, lintels, and steps. Hummelstown brownstone has been the stone 
chiefly used for trimmings, it being easier of access than any other stone good for that purpose; it proves here to 
be substantial, durable, and in every way satisfactory for trimmings. A large rectangular block of this stone was 
observed serving as steps in front of a business house; although it has been in place twelve years and subjected 
to continued foot-wear, but little impression has yet been made on if. 

None of the streets are paved with stone. The city is so situated that there is perfect drainage in almost all 
parts, and the gravelly nature of the soil is such that the streets are naturally firm and the need of paving them 
with stone is not urgent. There is, however, considerable stone sidewalk pavement, chiefly of the sandstone 
quarried in the vicinity. The North River blue-stone is used to a limited extent for the same purpose. The 
curbstones are of the native Pottsville conglomerate. The abutments of the small bridges needed are of Pottsville 
conglomerate. The slate roofs are principally of Lehigh County slate. 


POUGHKEEPSIE, NEW YORK. 


Stone found in the vicinity of Poughkeepsie, either in small quarries or in excavations of various kinds, is a hard 
blue limestone suitable for rough work only. As to durability, however, it is indestructible by the ordinary 
action of the elements. The only stone used here that has shown signs of disintegration is the brownstone, much 
of which comes from Connecticut. Sills aud lintels of this material show signs of disintegration after the lapse of 
years. Besides the materials already mentioned as used in stone construction, limestone from Westchester county, 
Ohio sandstone, and gneiss from the vicinity are employed. For foundations avd underpinnings hard, blue limestone ~ 
and other rocks from the small local quarries and from various excavations are used; for underpinnings dressed 
sandstone and blue-stone are used to a limited extent. Two and a half miles of the principal streets are paved with 
large cobble-stones, and there are 306 feet of Belgian block pavement. Sidewalks are largely paved with stone, and 
the material used for this purpose as well as for curbing is the North River blue-stone. Blue-stone and bowlders are 
used in the construction of buildings, docks, wharves, and bridge abutments. 
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PROVIDENCE, RHODE ISLAND. 


The foundations in the city of Providence are generally from the so-called ledge stone from the great quarry in 
Cranston and smaller ones in North and East Providence, a slate of great strength in resisting strains. It is very 
hard to break across the grain. In digging for foundations in this city miry ground is occasionally struck, and 
quicksand is often encountered. The great length of blocks attainable and the strength of the slate make it very 
serviceable for filling up such ground, because the slate does not break into smaller pieces by the strain upon it. 
In the case of the Providence gas-house the reason given for making the dome of great size is said to be the 
desirability of relieving the pressure on the lower parts of the building on account of the unfavorable condition of 
the ground. In the older buildings the Quincy granite and Connecticut sandstone are chietly used for underpinnings, 
especially the latter; and the Nipmuck stone and Smithfield granite are also used to a considerable extent for this 
purpose. ‘The other granites were brought into use lately, and have been extensively employed also. In one or two 
houses a blue-stone, probably of Hudson River age, has been used. As regards the sidewalks, Providence uses 
much conerete. The Bolton, Connecticut, flags were once employed very extensively and are still found, but none 
are sold now in the city. Very often there exists in them tongues of harder rock in the soft blue schist, and by 
the wearing of frost and water the stone becomes grooved in a very peculiar manner, with the tongues standing 
out as ridges. This softness and want of homogeneousness must be serious defects. In old times large amounts 
of crossings, flags, and even curbs were hauled into the city from Nipmuck ledge, from near Coventry; they are 
distinguished from others by their yellow look. The same stone has been used in some old dwelling-houses ; it 
has quite a large proportion of muscovite, with much less biotite in layers, and hence splits quite smoothly, so that 
it is designated by Providence architects as ‘“‘natural face” stone. Trimmings of white and blue Vermont marble 
are used in one or two buildings, and artificial stone has also been used. Tuckahoe dolomite is used in one front 
and for trimmings in one or two buildings, and two old posts before a house are capped with this same material. 
There is a great tendency in the newer buildings to use fine red brick with yellow sandstone trimmings. The finest 
stone structure in the city is the new city hall. Itis built of Hurricane Island, Westerly, and Concord granites. 
The basement up to the pencil mark is of Hurricane Island granite; above this the front and right sides are all 
Westerly except the columns, which are Concord granite; the back and left sides above the basement are Concord 
granite. The granite slabs on the sidewalk of tbe new city hall, obtained from the Cape Ann Quarry Company, 
are claimed to be the largest granite flags quarried in this country. The dimensions are from 22 to 25 feet long, 54 
to 8 feet wide, and 1 foot deep; some are from 10 to 12 feet wide, but the width is usually less. These different 
granites harmonize perfectly. The building is said to have cost $1,400,000. Polished columns of Westerly granite 
support the lamps. The stone in the soldiers’ and sailors’ monument in front of the city hall is of Westerly granite ; 
the United States post-office and custom-house of Quincy granite; the Providence athenzum has front and columns 
of Quincy granite and sides of Simithfield granite. In front of it is a very beautiful drinking fountain, said to be 
of light Concord granite, and two handsome polished columns of Quincy pink granite. The new court-house just 
opposite is a magnificent brick building extensively trimmed with red sandstone, partly carved, and in the entrance 
stand six polished columns, two of red Westerly, two of blue Westerly, and two of Diamond Hill granite. The 
arcade runs from street to street, and was erected in 1828. The twelve large columns are made of Smithfield 
granite, and must have been a large undertaking at that time. 

The high school is of brick with yellow sandstone trimmings; it has a high basement built of Westerly granite 
and polished columns of red Westerly and Quincy pink granites; the Roger Williams monument is of Westerly 
granite; the new Catholic cathedral, the most imposing stone building, is entirely of brown sandstone from Portland, 
Connecticut; Grace church is built of Little Falls, New Jersey, sandstone; the First Congregational church is of 
granite from Smithfield; All Saints’ Memorial church and Saint Stephen’s church are of Connecticut brownstone ; 
Saint Mary’s church is of granite from Westerly, Diamond Hill, and Northbridge; the Central Congregational 
church is of Connecticut brown sandstone; Sayles Memorial church at Brown’s university is of red Westerly 
granite trimmed with Connecticut brown sandstone; Saint Xavier’s academy is an old stone building made of 
material from Nipmuck ledge, Coventry, Rhode Island; the Providence Savings institution was built twenty-seven 
years ago of Quincy granite; there is a handsome private residence near the Friends’ school-house built entirely 
of cut red and white Westerly granite; Saint Patrick’s church is built of rough stone from the vicinity; the gateway 
of the North burial-ground is built of Diamond Hill granite; in Grace Church cemetery the posts, coping, ete., are 
made of West Greenwich granite; the Dexter asylum has an immense stone wall of natural-faced stone from 
Nipmuck, in the vicinity of Providence; the old state prison is built chiefly of Quincy granite; the Burgess 
building is fronted with Tuckahoe dolomite; the Richmond building is of brick trimmed with olive sandstone, and 
has red and gray polished granite columns ; the Wilcox building has some carved and polished work of Westerly 
granite in its composition; the Aldrich house has a front of white limestone which came from the city of Montreal, 
Canada; each block was sent on dressed into the proper shape and numbered. This quarry is said to be within 
the limits of Montreal. Saint John’s church is built of bowlders and natural-faced stone from the vicinity of 
Providence; the building is trimmed with red sandstone. The College Library building of Brown university has a 
basement of Sterling granite; it is built of brick trimmed with yellow and blue sandstone. There are also red 
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and gray polished granite columns, probably from Red Beach, Maine, and Diamond Hill. The granite in the 
pumping-station is from Westerly; there are two wharves in which granite was used extensively ; in one the material 
is from Diamond Hill and the other from Pascoag, Rhode Island. 

There are 135 miles of recorded streets; 16 miles of this length are paved with granite blocks and cobble-stones ; 
the material is from Diamond Hill and Westerly, Rhode Island, from Connecticut, and some from Maine granite 
quarries. 

The sidewalks are but little paved with stone, concrete being usually the material employed for this purpose. 
In such sidewalks as are paved with stone the Hudson River flags are used, with occasionally granite from Diamond 
Hill and Smithfield, gneissoid granite from Nipmuck, Rhode Island, and flags from Bolton, Connecticut. The 
curbstones are of granite from Diamond Hill, Smithfield, Westerly, and Nipmuck; and Hudson River blue-stone 
is used to a limited extent for this purpose. 


QUINCY, MASSACHUSETTS. 


The seven stone buildings in this place are constructed of Quincy granite. All the stone used for building 
is obtained from the quarries within the city limits. The streets and sidewalks are not paved with stone, but 
there are some curbs of the material from the local quarries. Among the important stone buildings are the town 
hall, the Unitarian church, and the school building. 


READING, PENNSYLVANIA. 


Quarries of the Siluro-Cambrian formation are operated within the limits of Reading for local building 
purposes. The material at this point, however, is used only for the rougher building purposes, such as foundations, 
underpinnings, etc. Stone is not used to any great extent; there is an abundance of brown sandstone south of 
the town, the northern edge of the formation which furnishes the brown sandstone passing within a short distance 
of it. No extensive quarries of this material are being operated in the neighborhood; what stone is needed for 
local use in Reading and vicinity is obtained from the surface bowlders. Much of the material in this locality 
is a conglomerate, and only the surface bowlders have as yet been made use of; consequently the stone, well 
seasoned and tested by the weather before being used, proves to be durable. The buildings of this sandstone are 
usually in a good state of preservation. For the better class of stone construction Hummelstown brownstone is the 
material most used. The stone used for bridge abutments and arches is the brown sandstone already mentioned ; 
none of the streets are paved with stone; some of the sidewalks are paved with Hudson River blue-stone, but the 
amountis small. The curbstones are made of local limestone and Hudson River blue-stone. Bricks of good quality 
are manufactured in the vicinity, and the Philadelphia pressed brick is also being largely used. 


RICHMOND, INDIANA. 


Stone is but little used in the construction of buildings in Richmond, and is chiefly confined to foundations; 
the material employed for this purpose is the Cincinnati blue limestone, outcrops of which are found along a creek 
in the vicinity. The stone from this formation at nearly every point where it is exposed or quarried shows itself to 
be lacking in the important quality of durability, and its use here has demonstrated that after a comparatively 
short exposure to the atmosphere it begins to weather. The ground on which the city is built furnishes secure 
foundations, and there are no conditions of topography or of climate that are especially unfavorable to the extensive 
use of stone as a building material, although the stone from the Cincinnati formation quarried in the vicinity is used 
for foundations and for the ruder purposes generally ; the twenty stone buildings are constructed of Berea, Ohio, 
sandstone of sub-Carboniferous age. The streets are not paved with stone, and the sidewalks but very little; the 
material used in such streets and curbings as axe paved is limestone from New Paris, Ohio. 


RICHMOND, VIRGINIA. 


There are but five buildings in Richmond constructed of stone, four entirely of stone and one front. In two of 
the buildings granite quarried in the vicinity is used; and in the walls of two buildings stone from surface bowlders 
found in the vicinity is used, while one building is of Quincy, Massachusetts, granite. There is a one-story building 
on Main street, between Nineteenth and Twentieth streets, which has stood for more than a century; it is constructed 
of bowlders of granite rock, and has no significance in an inquiry concerning stones used in construction, except 
to show the durability of these bowlders. The stone used in a church on Grace street was obtained from a quarry 
below the city, but it has been practically abandoned. The stone used in the custom-house came chiefly from the 
Old Dominion Granite Company, and there is scarcely any change perceptible in the material since it was laid in 
the walls of the building. The pedestal of the Washington monument is constructed of granite from the Tuckahoe 
district, Henrico county. The piers of the five bridges across the James river at Richmond were constructed of 
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stone quarried for the most part on the island in the river and along the right bank of the river not far from the 
ends of the bridge. There are several docks where this material is also largely used. The granite quarried near 
Richmond ranks with the best granites, and it has been used in the construction of many important public buildings 
throughout the country, notably the superstructure of the new State, War, and Navy Department building in 
Washington, District of Columbia. In-‘the business portions of the city the streets are paved with cobble- and 
rubble-stones from the vicinity. The sidewalks are but little paved with stone, and the materials used are the 
mica-schist from Lynchburg, and North River blue-stone shipped from Rondout, New York. The curbstones are of 
the local granite. 


ROCHESTER, NEW YORK. 


The materials used in stone construction in Rochester are, for foundations and underpinnings, limestone from the 
local quarries, and to a limited extent sandstone from Ohio and from Albion, New York. For the better class of 
stone construction, Ohio sandstone, Medina sandstone from Albion, and granite and limestone from the vicinity, are 
all used. By far the larger number of stone buildings are constructed of limestone from the vicinity. For piers 
and work of that class done by contract Waterloo limestdue is used. The streets are largely paved with Medina 
sandstone rock from Albion, New York; and there is considerable stone sidewalk, the material used being Medina 
sandstone and Hudson River blue-stone. Curbstones are principally of the latter. 


ROME, NEW YORK. 


Most of the buildings in Rome are of brick or wood—largely of brick.. The foundations and underpinnings 
are built of limestone and sandstone quarried at Higginsville and Verona, Oneida county. For the better class of 
stone construction sandstones from Verona and Potsdam, New York, and limestone from Onondaga and Oneida 
counties are used. There is little stone street pavement; the material used is cobble-stone. There are about 12 
miles of stone sidewalk pavements of sandstone from Cayuga county, New York, and Hudson River blue-stone. 
There is but little curbing. 


RUTLAND, VERMONT. 


As there are quite celebrated marbles quarried in the immediate vicinity of Rutland, that is the chief material 
used in stone construction. Considering the convenient source of supply for building stone the number of the 
stone buildings in the city is not large, there being only twelve constructed entirely of this material and one front 
of marble. The following are some of the principal stone buildings in the vicinity: Two mills at Sutherland Falls 
are built of marble quarried at that place; the Episcopal church is constructed of gray limestone ; the Catholic 
church is of limestone taken from the lot upon which it is built; the old jail, now used as a dwelling, is also of 
limestone; the Chatterton dwelling-houses near Sutherland Falls are of limestone; Sheldon & Slason’s 2 mills, 
store, and office are of West Rutland marble ; the Catholic church, H. H. Brown’s store and office, the mill of Gilson 
& Woodfin, and that of the Manhattan Company are of the same material. 

The population of Rutland is scattered over a wide area, the principal village being comparatively small. 
The unusual number of stone buildings is due to the proximity of the marble quarries. This material is used not 
only for the better class of construction, but also for foundations and underpinnings, and for all ordinary purposes. 
The location of the quarries is north and west of the town. Slate from Fair Haven and Chester, Vermont, is also 
employed to a limited extent for foundations and underpinnings. The streets are not paved with stone, and about 
a mile of sidewalk pavement is of marble and slate, and a little of granite from Chester, Vermont. The curbstones 
are of marble, slate, and granite. 


SAINT PAUL, MINNESOTA. 


In the enumeration of stone buildings in Saint Paul every business front having separate numbers, though 
included in the same block with others, was counted as one building, and the number of stone buildings given in 
the tabulation includes every stone structure whether large or small. The use of stone in Saint Paul has exceeded 
_ that in Minneapolis on account of the ease of quarrying and its accessibility, and the comparatively greater cost 
of wood. The great lumber mills are at Minneapolis, and their products would have to be hauled by wagon or by 
steam a distance of ten miles to make them available at Saint Paul. The following is a list of Saint Paul buildings 
with materials of which they are constructed : 


Sirucouress wathupricks walls and Berea Sandstone trontSeee ces ese soc- sos en sect cat\seiniw eens sees = 2 nis aaniewesnwc ne 4 
Structures with brick walls and Saint Paul limestone trimmings.--..-.-...--.-- -----. 2-2 --22- 22 eet eee ne ween 208 
Structures with brick walls and Kasota calciferous sand-rock trimmings .......----.---. ----0. sus-0- ------ +e 107 
Structures with brick walls and Frontenac dolomite trimmings ........ 22-22. .-22 220 cee cee cece cone cece eee eees 49 
Structures with brick walls and Fond du Lac limestone trimmings.........2.. 222-2... - 222 220 eee e eens eee e eee 7 
Structures with brick walls and Berea, Ohio, sandstone trimmings......-.--.- -.--26 22-2 ee eee cee ene eee 30 
Structures with brick walls and Vermont marble trimmings - .... 2... 2... 2220 2222 eee eee ee ene cece ne ence eee eee 1 


Structures with brick walls partly trimmed with Minnesota granite. .... ......----0--- 200 ee ee eee e ene eee ee ee: 27 
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The state capitol now in process of construction is to consist essentially of Red Wing pressed brick, with 
trimmings of the dolomite from Frontenac. At the base of the building one course of brown sandstone from Fond 
du 1.ac, Minnesota, will show about 10 inches; the unexposed part of the foundation is of the blue dolomite from the 
upper part of the Trenton formation, at Saint Paul, which is a much better stone than the beds of this formation 
that are usually quarried for building purposes. Some of the principal buildings of the city that deserve enumeration 
are the following: The market building, built of brick, trimmed with Kasota stone; Baptist church, built wholly 
of Kasota stone; the cathedral is wholly of Saint Paul limestone; the McMullen block and the Fire and Marine 
* Insurance building are of Saint Paul limestone; the Drake business block is of brick, trimmed with Kasota stone 
and granite; the business block of Auerbach, Finch & Van Slyke, of brick, trimmed with Frontenac. stone; the 
Manheimer business block and the German-American bank are of brick, with Ohio sandstone fronts ; the Saint, 
Paul Episcopal church is built of Saint Paul limestone; the United States custom-house is of Saint Paul limestone, 
with Saint Cloud, Sherburne county, granite trimmings; the Saint Paut rolling-mill is of Saint Paul rock, with 
Kasota trimmings; the Presbyterian House of Hope church and the piers that support the bridge over the 
Mississippi river are of Saint Paul limestone; the trimmings of Lindeke’s, Warner & Sherman’s, Barney’s, 
Gilfillan’s, and Odd Fellows’ blocks are of the magnesian limestone from Frontenac, Goodhue county, Minnesota; 
the front of the Nichols & Dean block is of granite from Sauk Rapids, Minnesota. 

The streets are but little paved with stone, wooden blocks having been chiefly used for this purpose. The 
sidewalks in the business parts of the city are very generally paved with Saint Paul limestone and granite from 
Minnesota, sandstone from Ohio, and the calciferous sandstone of Kasota. Curbstones are of the Saint Paul 
limestones. 


SALEM, MASSACHUSETTS. 


In the few buildings in Salem in which stone enters as an important ingredient, Cape Ann granite, Peabody 
granite, and Springfield sandstone are the materials used. Foundations and underpinnings are of Cape Ann and 
Peabody granites. There is considerable stone street pavement of Cape Ann and Maine granites. Sidewalks are 
not paved with stone, but the curbs are of Cape Ann and Peabody granites. s 


SALT LAKE CITY, UTAH. 


The assembly house is built of Cottonwood granite, and the old tabernacle has piers of Red Bud sandstone. 
The new Mormon temple is to be constructed of the Cottonwood granite. On account of the greater cost, stone is 
used to only a limited extent; brick, adobe, and wood being well adapted to the climate and much less expensive 
than stone. Of the forty stone buildings in the city the Red Bud sandstone was used in the construction of over 
thirty, and three or four were built of granite quarried in Little Cottonwood cafion; and in such foundations as 
are built of stone these materials are employed, though bricks are chiefly used for foundations. The streets and 
sidewalks are not paved with stone. 


SANDUSKY, OHIO. 


The city of Sandusky has a much larger percentage of stone buildings than any other city in Ohio. Of 
buildings entirely constructed of stone it has absolutely by far the largest number of any Ohio city, owing to the 
cheap and abundant supply of good building stone within the limits of the city, which constitutes a great limestone 
quarry covered with but a very shallow layer of soil or earth. The stripping rarely amounts to 2 feet, and below 
there lie from 8 to 10 feet of easily-quarried, strong, and durable limestone of good color, and in every way adapted 
to all building purposes. In early days it was the cheapest building material accessible, and so came to be used in 
many of the houses first built in the city. 

The white limestone that lies immediately below the blue is reached but in a single city quarry; this is a massive 
stone fit for dimension work and well adapted to cutting, but the great supply of it comes from Kelley’s island and 
point Marblehead. The blue limestone from the city quarries is largely used in the construction of piers and 
docks in the vicinity, and also for flagging, but it is not very well adapted to this use; it is laid in blocks or 
Slabs from 4 to 8 feet square, not very smooth until polished by wear, and then becoming dangerously smooth. 
The stone of the city all proves very durable and the best of foundations are secured at small expense. The 


Sandusky court-house is of the Massillon sandstone. The streets and roadways are chiefly macadamized with 
broken blue limestone. 


SAN FRANCISCO, CALIFORNIA. 


The first stone structures in San Francisco were two buildings erected in 1854, of granite brought from China, 
quarried and dressed in that country. In the years 1856~57 the granite quarries of Folsom were opened, and the 
fronts of several buildings on Montgomery and Battery streets were constructed of it. In 1865 the Bank of California 
building was erected of a beautiful blue sandstone quarried at Angel island, inthe bay of San Francisco; it holds its 

. color and surface well. The earthquake of 1868 made some cracks in the walls and gave rise to the belief that the 
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stone was weak, and that stone in general was not fitted for use in this region. The United States mint has a 
basement of granite and walls of sandstone, from New Castle island, in the gulf of Georgia, British Columbia, 
There are six fluted columns, 27 feet high by 5 feet 6 inches at the base and 4 feet 6 inches at the top, of New 
Castle sandstone. The new city hall is the most extensive building in San Francisco. The walls are of brick, but 
the foundation is of rubble from Angel island. Considerable granite is used in the basement and steps from the 
quarries at Rocklin and Penryn, near the American river, in Placer county. The window-sills, key-stones, and 
balustrade are of sandstone from San José, in Santa Barbara county; the corridor floors are marble from Vermont 
and Massachusetts, and black marble from Glens Falls, New York. The Penryn granite, from the quarry of 
Griffith & Griffith, was employed in the construction of the basement of the United States mint, water-table of new 
city hall, dry-dock at Mare island, the new Stock Exchange and the Real Estate Associates’ buildings. The people 
are afraid of stone buildings on account of their being cracked by earthquakes, and most of the large business 
buildings are of iron. The foundations and underpinnings are of granite, rubble from the vicinity of the city and 
from Folsom and Penryn and Napa, and sandstone from San José. There are about 46 miles of streets paved with 
cobble-stones, basalt, and granite from Sonora and Penryn. A few of the sidewalks are paved with granite from 
Folsom, and Vermont slate. Curbs are of granite from the various quarries which supply the city with this material. 
There are 11,000 feet of sea-wall constructed of rubble from Telegraph hill. The San Francisco dry-dock is 
constructed of granite from Folsom. The terrace walls and basements of the buildings of Messrs. Stanford, 
Hopkins, and Cooks are built of basalt from Sonora. Penryn granite is largely used in brick and iron structures 
as steps, sills, stairways, and window-caps. 


SARATOGA, NEW YORK. 


The stones used in Saratoga are mostly blue limestone from rocks of Trenton age quarried near the town. 
Foundations are built of this stone. Ohio sandstone and Connecticut brownstone are used for trimmings in some 
of the large buildings. Brick has been employed in the construction of the large hotels and other public buildings. 
Most of the streets are macadamized with cobble-stone and broken limestone. Broadway has about three-quarters 
of a mile of cobble-stone pavement. The sidewalks are mainly laid with brick, excepting in the business part of 
the town, where the North River blue-stone and a little Vermont marble are laid on tne curbs of the cross sidewalks 
with blue limestones from the vicinity. 


SAVANNAH, GEORGIA. 


. The nearest stone quarry to the city of Savannah is located near Milledgeville, in this state, distant about 175 
miles. The granite at that point is excellent, but being difficult to work on account of its hardness, no systematic 
effort to introduce it here has been made. Mostof the granite is in use for steps and window- and door-sills, brought 
from Stone mountain, near Atlanta. The Presbyterian church is a large granite building, with a wooden steeple 
The custom-house is built entirely of granite. These are known as stone buildings, and the materials in both case 
came from Quincy, Massachusetts. Cobble-stone for paving material comes as ballast from northern ports. Only 
the business streets are paved, and the materials used are the cobble-stone and Hudson River blue-stone from New 
York. A few of the sidewalks are paved with the Hudson River flags. 


SCHENECTADY, NEW YORK. 


Stone is rarely used in this county except for foundations, and there are not many opportunities of judging of 
the character of the material used in stone construction. In one or two instances, Saint George’s church, forexample, 
the stone from the local quarries when properly laid has proved to be of most excellent quality. It makes, when 
carefully laid in foundations, very regular faces, and preserves its rich color for an indefinite period; however, when 
improperly handled by the masons, as when set on edge, it is liable to exfoliate to such an extent that it becomes 
necessary to substitute new blocks of stone. It may be so handled as to form substantial and durable walls in stone 
structures. All the streets are paved with cobble-stones, from 4 to 6 inches in diameter, found on the surface of the 
ground in the vicinity. The sidewalks are paved with stone 5 feet wide and 2 inches thick, from the Helderberg 
formation. 


SCRANTON, PENNSYLVANIA. 


The Coal Measures are eroded from the mountain ridges on either side, leaving the Seral-Conglomerate Pocono 
sandstone and Catskill sandstone exposed on their sides and crests. These sandstones furnish most of the stone 
for ordinary purposes of construction in the city. 

The amount of stone construction is but trifling; the most important building—the new court-house—is now in 
course of construction, and is located in what was once a deep swamp; the foundations are 30 feet in depth and 
constructed of the Seral-Conglomerate quarried at Shanty hill, in the vicinity of Scranton. The superstructure is 
_ to be of Catskill sandstone quarried in the mountain ridge just west of Scranton, and the heavy trimmings of 


Devonian limestone from near Syracuse, New York... 
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For bridge abutments the Catskill sandstone quarried in the mountains near Scranton is used; it is extremely 
hard, withstanding exposure, and is easily quarried in regular blocks suitable for the purpose. Only two streets 
are paved with stone, and the material used in these instances is cobble-stone from the stream. There is considerable 
stone sidewalk paving, and the material for the purpose is brought from Nicholson, Wyoming county, Pennsylvania; 
also some from Brandt, Susquehanna county; Lehigh slate is used to a limited extent for the same purpose. The 
curbstones are Catskill sandstone quarried in the vicinity. 


SPRINGFIELD, MASSACHUSETTS. 


Brick is largely used for the purposes of construction in Springfield, to the exclusion of stone. In addition to 
the number of stone buildings enumerated which are built of Longmeadow sandstone and Monson granite, those two 
materials are frequently employed for sills, cornices, and other trimmings. A few buildings have trimmings of 
Ohio sandstone; none of these materials show signs of decay, as the stone structures are all of recent date. The 
upper part of the city is built on terraces of stratified sand; the lower part has some foundations in clay, and in 
places piles are driven before laying foundations; these are thought to be in the old channel of the river on the lower 
terrace; some settling has been noticed under the spires of two churches, but this is attributed to faulty construction 
and not tothe ground. The foundations and underpinnings are chiefly of Longmeadow sandstone. The streets are 
macadamized with trap from Westfield, and a few of the sidewalks are paved with Hudson River flags and granite 
flags from Monson. Curbstones are of Monson gneiss and Longmeadow sandstone. 


SPRINGFIELD, OHIO. 


Stone from the upper or Springfield division of the Niagara formation is quarried in the vicinity of this city, 
and is used for the less ornamental classes of construction. The stone from the quarries here is chiefly used in 
rough work, such as cellar walls, bridges, sewers, and the like. The Episcopal church edifice, on High street, 
Springfield, is built of this stone in the rough, and displays fine architectural effect. The Central high school | 
was built of limestone from the local quarries. As very few buildings of this kind have been put up in this city, 
scarcely any judgment can be made of the Springfield stone; for other and rougher work it has stood the test of 
time for half a century or more. The site of the city is well adapted to buildings of weight; indeed but few feet in 
depth would place buildings upon solid strata of the Niagara limestone. The Portsmouth and the Berea sandstones 
have both been used to a limited extent for trimmings. But few of the streets are paved, and those are paved with 
cobble-stones and macadamized with the local limestone. Sidewalks are but little paved with stone, and the 
material used is the Springfield and Dayton limestones; also to a very limited extent the Berea and Portsmouth 
sandstones. For bridge abutments, sewers, and work of that class the limestone from the home quarries is employed. 
Whether it is set on edge or as in the natural bed seems to make less difference with this material than with most 
building stones. 


STEUBENVILLE, OHIO. 


Material for all stone construction in this place is quarried in the vicinity from the beds of sandstone in the 
Upper Coal Measures. The material is durable and comparatively pleasing in appearance, and is used for caps, 
sills, corners, and other trimmings. The Jefferson County court-house is the only building of importance in which 
stone from a distance is used; this structure is built of Amherst, Ohio, sandstone. Of the buildings enumerated 
as having stone fronts, none have fronts entirely of stone. The principal church and McGowan’s block are built of 
sandstone from local quarries. Considerable of the cemetery work, such as monuments, bases,, and inclosures, is 
made of sandstone from a local quarry. This material is susceptible of fine carving, though it is of rather coarse 
texture. The wharves in Steubenville are constructed of cobble-stones taken from the Ohio river at low water. 
The abutments of the Pan Handle Railroad bridge across the Ohio river at this point, and the water-works, are 
also constructed of the local sandstone. In such streets as are paved cobble-stones from the Ohio river are the 
material used. There is but little stone sidewalk pavement, and the material for this purpose is obtained from 
local quarries. 


TAUNTON, MASSACHUSETTS. 


Tn the vicinity of Taunton there are several small ledges which are worked occasionally for a short time when 
wall stones are needed for some particular building. The irregularity with which these openings are worked does 
not admit of their being enumerated with important quarries. Their product is a bluish “wall” or “mortar” 
stone, similar to a material quarried near Lowell, Massachusetts. Of the eight stone buildings in Taunton three 
are built of granite from Acushnet, and five of the “mortar” stone from the vicinity. The foundations and 
underpinnings are of the local mortar stone and Acushnet granite. The streets are but little paved with stone, the 


material used being cobble from the fields in the vicinity. A few of the sidewalks are paved with Acushnet granite, 
aud curbs are of the same material. 
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TERRE HAUTE, INDIANA, 


Stone is but little used in this city, but that employed comes from quarries that furnish the best building stone 
in the state—those of Bedford, Ellettsville, and Stinesville. There is no building constructed entirely of stone, 
and the number of stone fronts, chiefly of the materials above mentioned, is about 100. Brick is used for foundations 
because of its cheapness, the impression here being that a stone foundation costs as much as an entire building 
constructed of wood. Sandstone that may be found near is not suitable for use in construction. 


TOLEDO, OHIO. 


Toledo is so situated as to have ready access by water to noted quarry regions, such as Amherst and. Berea, 
Kelley’s island, point Marblehead, and other places in the vicinity of Sandusky. The stone for the rougher 
building purposes is the limestone from Sandusky, point Marblehead, and vicinity; that for the better class of 
construction is chiefly sandstone from Amherst and Berea. In one building constructed of the Sandusky limestone 
the wall has been broken by frost, to which it is said to have been subjected before the material was out of the 
quarry long enough to be thoroughly seasoned. Out of 140 miles of sidewalk there are 3.6 miles paved with.stone ; 
the total length of the streets is 271 miles; total length of pavements 444 miles, of which 74 miles are paved with 
Medina sandstone; 4 miles with small bowlders picked up from the surrounding country; 3 miles macadamized 
with sandstone ; 34 miles paved with cedar blocks; and 27 miles are paved with plank. Some of the sandstone 
used in the outside walls of buildings has been set on edge, consequently the color resulting from weathering is 
not uniform. 


TOPEKA, KANSAS. 


The stone found in the vicinity of Topeka is an impure limestone suitable for. foundations, underpinnings, 
and work of that class. The other materials used here to a limited extent are sandstone from Warrensburg, 
Missouri, and limestone from Cottonwood, Chase county, and from Junction City. This latter can be sawed with 
an ordinary tooth-saw, is full of chert concretions, and is subject to discoloration when exposed; it is not now used. 
The Cottonwood limestone is a good, strong, substantial material; it can be obtained in masses of from one to five 
cubic yards, and is now being used for the foundation of the main building of the state capitol. 

Safford limestone is a very fine material, composed almost wholly of shells in an unbroken state, takes a good 
polish, and is quite durable; it is used for steps, trimmings, and curbing. 

The Warrensburg sandstone is gray in color and is used for fronts, but in other places to a greater extent 
than here, and has given satisfaction. A red sandstone found in Colorado, near Pueblo, is used for trimmings; 
it forms a fine contrast with native limestone. The streets are not paved with stone; the sidewalks are paved 
with a flagging of,a slate formation found in Osage county and sandstone flagging from near Fort Scott, Kansas. 
The college building, female seminary, and the state insane asylum are built of native stone (magnesian limestone 
of Permian age) found in the vicinity of Topeka. This material is not suitable for fine trimmings. The west wing 
of the state capitol was built of limestone from Cottonwood quarry ; the United States post-office buildings, now in 
course of erection, are of the soft limestone found in Crowley county. The east wing of the state-house was built 
of limestone from Junction City, Davis county. 


TRENTON, NEW JERSEY. 


Among the stone buildings of Trenton the most prominent are: Of Ohio sandstone: The United States 
government building. Of Trenton sandstone: The state capitol, the state prison, Saint Mary’s Roman Catholic 
cathedral, Warren Street Presbyterian church, State Street Presbyterian church, Prospect Street Presbyterian 
church, State Street Methodist Episcopal church, Clinton Avenue Baptist church, Bishop Scarborough’s residence, 
James Moses’ residence, John Moses’ residence, Richie’s private residence, the Pennsylvania Railroad depot. 
Of Connecticut brownstone: The front of Taylor hall. 

Of the buildings enumerated, the United: States government building is a new structure and presents a fine 
appearance. The brown sandstone or freestone of the Greensburg quarries, sometimes known as Trenton freestone, 
is very largely used for house trimmings, as sills, lintels, caps, and steps; also for table-tops, ete. Montgomery 
county, Pennsylvania, marble is also used to some extent for trimmings with Philadelphia and Trenton pressed 
brick, but the use of the freestone is increasing while that of the marble is diminishing. North River blue-stone is 
also used to some extent for the same purposes. Trenton is very largely built of brick, as Philadelphia and Trenton 
pressed or front brick are conveniently had, and at comparatively low rates, being less expensive than stone. ’ 

The Pennsylvania Railroad Company’s bridge crossing the Delaware river has abutments and piers of 
Greensburg brownstone; the abutments and piers of the wagon bridge over the Delaware are also constructed of 
the same material, as are the locks, walls, and feeder of the Delaware and Raritan canal. 

The majority of the streets are paved; and in such streets as are paved, stone from Lambertville, New Jersey, 
and some granite are used. 
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The following is a statement showing the extent of stone pavement in Trenton : 


Feet. 
Belgian block... .--.---+- -----+ 2202 cone cone cone nnn none cen n ne cen n ne scenes mone en anes ners Secartis ete nis sear 14,170 
Cobble-stones ...-!.. ---- escewn cco ccs cece cnc mns wesc ee mans pacman es en ee nn nns sen nl wniencc enc niaels= sini oreo ace 2, 880 
Telford macadamized ...--. .--. 225 cece ee cen enn eee cee eee rere nee cnn cence rem ees coc ewe cee e seer ane 3, 000 


There is considerable sidewalk pavement on the principal streets, and the material used is blue-stone from the 
North River quarries, and stoné from the quarries at Medford, Hunterdon county, New Jersey. North River 
blue-stone is used for curbs. 

TROY, NEW YORK. 


The materials used for stone construction in Troy, for foundations and underpinnings, are shale, quarried in 
the vicinity, and similar material quarried near Schenectady. For the better class of stone construction Connecticut 
brownstone from Portland, limestone from the Upper Aqueduct quarry and from near Niskayuna, are the principal 
materials. The bridge abutments are of shale and Upper Aqueduct limestone; some limestone is also brought. 
from the Lower Aqueduct quarry, but it is not as durable as the Upper Aqueduct limestone. The streets are largely 
paved with granite blocks from Clarke’s island, Maine, and from Weehawken, New Jersey. The sidewalks are 
largely paved with blue-stone, brought chiefly from Malden, New York; and mica-schist from western Massachusetts. 
is used to some extent for the same purpose. Curbs are of blue-stone from Malden, New York. 


UTICA, NEW YORK. 


There is an abundance of good building stone within a short distance of Utica, and until recently the rates of 
transportation have made brick a cheaper building material. The sandstone of the immediate vicinity has been 
used most largely for foundations, but at present, for heavy buildings the limestone of the Trenton formation is used. 
The sandstone is not durablé enough for heavy foundations; it was largely used in former years as stone for cross- 
walks and the like, but was found to flake under heavy traffic. There are no peculiarities of the ground that render 
it difficult to use stone for building purposes, but, owing to the comparative cheapness of brick and lumber, it has: 
been considered expensive. There are within the limits of the city sixteen iron bridges over the Erie canal, the 
abutments of which are built of limestone from Little Falls, New York; also three bridges over the Chenango canal, 
the abutments of which are built of Cayuga sandstone. There is one block in the city faced with marble. The 
weigh-lock and house of the Erie canal is of Little Falls limestone. For foundations and underpinnings for the 
rougher purposes of stone construction sandstone from the local quarries is used; also, to a very limited extent, 
limestone from Canajoharie, New York. The streets are largely paved with stone, and the material used is cobble- 
stone; also Medina sandstone, and stone from Hammond, New York. The sidewalks are largely paved with Cayuga 
sandstone and Hudson River blue-stone. 


WATERBURY, CONNECTICUT. 


The stone quarried in and about Waterbury is a coarse, hard, granitic rock, and is irregular in many respects as. 
to color, hardness, and general appearance, though most of it is very hard, and there are places in some of the 
quarries where blocks, regular as to shape and uniform in texture, may be extracted. It is an excellent stone for 
foundations and for cellar walls, but, unless selected with great care, it is of little use for other purposes. The streets. 
are not paved; about half a mile of the sidewalks is paved with North River blue-stone, with curbs of the same: 
material. 


WATERTOWN, NEW YORK. 


Watertown lies on both sides of Black river, whose rapid currents have worn a channel through the limestone 
rock, composed of blue limestone, Birdseye and Trenton. Some of the fine churches and grist-mills and factories. 
were built of limestone, but at present brick is used in the construction of such buildings, it being less expensive, 
although the limestone is easily worked and very durable. 

The limestone rock is very much grooved and striated in places by the passage of glaciers, especially where 
they cross the Black river. The Lorain shale, so-called by geologists, is native in the town of Lorain; the rocks of 
the county present an interesting field for geologists. There are exposures here of the Upper and the Lower Silurian 
rocks. The limestone rock of the Black River valley is studded with fossils of animal life that existed only in 
- the sea; cephalopods are bedded in the blue limestone, which is comparatively pure carbonate of lime, but is. 
very brittle; otherwise it is durable and susceptible of a fine polish. There is in this vicinity what is called 
Scotch granite, and also a marble known as Carrara marble. They are probably so called from their resemblance 
to the Aberdeen Scotch granite, and to the rare Carrara Italian marble, respectively. These were lately 
discovered in large quantities, which lay in perpendicular strata. Tale is found in large quantities and is being 
manufactured; it lies generally between Archean rocks, and often unconformable to those which are in regular 
sirata, and make beautiful flagging stones for sidewalks. 
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WASHINGTON, DISTRICT OF COLUMBIA. 


The formations in the vicinity of Washington are made up chiefly of sand, gravel, and clay, with some isolated 
bowlders detached from the primitive rocks lying to the north and west. North of Rock creek the rocks of Archean 
age are exposed, and ledges of mica-schist of this age have been quarried in and about Georgetown since the first 
settlements were made. It has been employed chiefly for the ruder purposes of construction, such as foundations, 
terrace walls, rubble pavements, and work of that class. The most important structure built of it is the new 
Georgetown College building. It was employed in the foundations of the Executive mansion, the Treasury building, 
and in those of most of the other public buildings in which the Acquia Creek sandstone was used for superstructure. 
A chapel in Oak Hill cemetery, built after the style of the time of Henry VIII, is of this material, trimmed with 
Seneca sandstone. 

Mr. George P. Merrill, of the Smithsonian Institution, made careful field observations and examined specimens 
and microscopic sections of the different varieties of this rock, and reported as follows: . 

The rock quarried ‘in the vicinity of Washington, and of which the walls of Georgetown college and varions other public buildings 
are composed, is a compact mica-schist of a structure and texture varying from coarsely schistose, splitting easily into thin sheets, and a 
fine-grained massive rock in which the individual ingredients are so evenly commingled that all traces of stratification are lost. The 
essential constituents are quartz and mica, the latter being biotite of a deep green color. 

Under the microscope numerous accessories are found to be present, among which are epidote, apatite, garnet, magnetite, and 
rutile, the first-named being the most abundant, while the rutile occurs only as small occular crystals penetrating the quartz granules. 
A plagioclastic feldspar is occasionally met with, and in this case the rock approaches gneiss in constitution. The chief objection to the 
use of this rock for architectural purposes lies in the fact that it frequently contains a large amount of pyrite or iron bisulphide. On 
being exposed to the air this pyrite becomes oxidized, and the rock disintegrates, or at best is badly stained or discolored. It is this same 
ingredient that renders many of our sand and lime stones unfit for use, they becoming streaked and spotted with unsightly spots of a 
rusty red color after being exposed a short time to atmospheric agencies. 

In conclusion, I would say that there seems no reason why this rock should not be utilized for building purposes, provided sufficient 
care be exercised in selecting only such portions as are entirely free from this deleterious substance. 

On the Potomac river, 40 miles below the city, at Acquia creek, there is a ledge of light gray and rather coarse 
sandstone, and quarries of the material were purchased by the United States government in 1791 for the purpose 
of using it in the construction of the public buildings; the Executive mansion and other older buildings are of 
Acquia Creek sandstone. 

The Executive mansion, or ‘“‘ White House”, was commenced in 1792. On September 19, 1793, the corner- 
stone of the Capitol building was laid by Washington himself, and the central or older portion is constructed 
entirely of Acquia Creek sandstone from the government quarries. This material was used in the construction of 
all the important public buildings that were commenced up to 1837. The list includes the Executive mansion, the 
central or old part of the Capitol building, the old portion of the Treasury building, the old portion of the Patent 
Office building, and the foundation of the city hall. The Van Ness residence, at the foot of Seventeenth street, 
was also built of it in 1802. 

About 20 miles north of the district, on the Potomac river, the southern edge of the Triassic, or new red 
sandstone, formation crosses the river, and at this point furnishes the material called ‘“‘Seneca sandstone”, the 
equivalent of the Connecticut brownstone. 

The stone at the mouth of Seneca creek was used in the construction of the Smithsonian Institution building; 
the National Republican building, now used as the Pension Office; the District jail; the front of the Freedman’s 
Bank building, now occupied by the Department of Justice; Lincoln hall; portions of the terraces about the 
Capitol, Treasury, and other public buildings; the United States prison; the Memorial Lutheran church; and in 
the trimmings of the chapel in Oak Hill cemetery. When the Chesapeake and Ohio canal was built, in the early 
part of this century, the Seneca sandstone was much used for locks and dams, especially in that portion of the 
canal lying near these quarries. In these various situations it has shown remarkable wear and endurance of 
exposure. This canal constitutes a convenient and inexpensive method of transportation from the Seneca quarries 
to Washington. 

The three materials described, the Potomac mica-schist, the Acquia Creek sandstone, and the Seneca sandstone, 
from their close proximity to Washington and accessibility by water, may be said to constitute the local supply of 
building stone. 

Washington has access by water to all the important quarry regions of the Atlantic coast, and of late years 
building stones from the localities named below have been used more or less extensively: Granite from the coast of 
Maine; from cape Ann, Massachusetts; Westerly, Rhode Island; Woodstock, Maryland; and from near Richmond, 
Virginia. Marbles from Rutland and Sutherland Falls, Vermont; Montgomery county, Pennsylvania; Tuckahoe, 
Westchester county, New York; Lee, Massachusetts. Hudson River blue-stone from Ulster county and vicinity, in 
New York. Brownstone from Portland and other places in the Connecticut valley; from Belleville and New 
Brunswick, New Jersey ; Hummelstown, Pennsylvania, and Manassas, Virginia. Slate from Vermont, New York, 
Pennsylvania, and Buckingham county, Virginia. Gneiss from Port Deposit, Maryland, and sandstone from Nova 
Scotia. 

The materials from distant points began to be. introduced about 1840, as at that time the stone from the 
government quarries at Acquia creek which had been used in the construction of so many important public and 
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private buildings was found to be so inferior in point of durability and general appearance that the quarries were 
abandoned and other sources were looked to. An examination of the buildings constructed of the Acquia Creek 


sandstone shows that numerous clay-holes have appeared, caused by the disintegration of portions of the rock - 


from exposure to the atmosphere. Experience with this stone has proved that within a few years, unless constant 
attention is given to it by filling the clay-holes and covering with a coat of paint, the stone becomes flimsy and 
unpresentable. All the public buildings in which it was used are painted, both for the sake of preservation and to 
make them harmonize with the white marbles and light-colored granites that have been used in the construction of 
additions and extensions, as the exigencies of the public service required the buildings to be enlarged. The two 
wings of the Capitol are built of Lee (Massachusetts) mnarble, excepting the columns, which are of Cockeysville 
(Maryland) marble. The style of architecture is Corinthian. 

There is quite a variety of stones used in the interior decoration of the Capitol. The eastern stairway leading 
to the galleries of the Senate Chamber, the eastern and western stairways leading to the galleries of the Hall of 
Representatives, and the walls of the Senate reception-room (Marble room) are of polished Tennessee marble. There 
are Ionic columns of breccia or variegated Potomac marble in the apartment of the Supreme Court of the United 
States; the National Statuary hall, formerly used as the Hall of Representatives, has a circular colonnade of shafts 
of this material surmounted by capitals of Carrara marble executed in Italy. This stone, when highly polished, 
presents to the eye an apparently rough and broken surface, which delusion is only dispelled by touching it. 

The western stairway to the gallery of the Senate Chamber is of Italian marble, and the statuary in and about 
the Capitol is chiefly of Carrara and Serivezzia Italian marbles. 

Greenough’s colossal statue of Washington, in the east park, weighs 12 tons, and was executed in Florence, 
Italy. The stones used in the terraces, walks, and inclosure-walls about the Capitol are of Seneca sandstone, Lake 
Champlain marble, North River blue-stone, Rock Creek mica-schist, granite from Maine, Massachusetts, Richmond, 
Virginia, and other places, and the sub-Carboniferous sandstone from northern Ohio. 

The old portion of the Treasury building, commenced in 1836, was constructed of the Acquia Creek sandstone, 
with foundations of Potomac mica-schist. The extensions made to the northeast and west sides of the building 
were begun in 1855. The material used in the extension is Dix Island, Maine, biotite granite, with foundations of 
Port Deposit gneiss. The style of the building is Grecian-lonic. The granite shafts of the colonnades are 
monoliths. Opposite the north front is an ornate fountain of circular shape, 12 feet in diameter, cut from a solid 
block of granite. The following materials were used in the walls of the lower story: Stylobate; base, Isle La 
Motte, Vermont, marble (magnesian limestone); moldings, Bardiglio veined marble from Serivezzia, Italy; styles, 
dove-colored marble (magnesian limestone) from Pittsford, Vermont; panels, yellow sienna Italian marble; dies, 
Hawkins County, Tennessee, marble (limestone); above stylobate, pilasters and panels, white-veined Italian marble; 
styles, yellow sienna Italian marble; panels, Bardiglio veined marble from Serivezzia; cornice, white-veined Italian 
marble; upper story, stylobate, same as lower; above styloVate, as in lower story, except the panels, which are 
Pyrennean breccia. 

THE STATE, WAR, AND NAVY BUILDING.—The stone used in the superstructure is a light gray biotite granite, 
quarried near Richmond, Virginia; the basement being of Vinal Haven, Maine, granite. The interior walls of the 
basement of the southeast wing are built of Seneca sandstone. The tiling of the corridors and passages is of white 
and black Vermont marble and Lehigh, Pennsylvania, slate. The tiling in nearly all the public buildings in 
Washington is of the same materials. 

There is an example of marble interior decoration in the library of that portion of the building assigned to the 
Navy Department; the walls of the library are of the following materials: Alps green or verde-antique, a kind of 
Serpentine, yellow sienna Italian marble, French griotte marble, and Lake Champlain red mottled marble. 

THE GENERAL POST-OFFICE.—The post-office is of Corinthian style of architecture. The E-street portion, 
constructed in 1839, of West Chester, New York, snowflake marble (dolomite), was the first important structure in 
Washington built of marble. In 1855 an extension to the north of the building was commenced, and the material 
used was marble from Cockeysville, Maryland, with portions of the foundations and facing of the court of granite. 
The columns of the extension are marble monoliths. 

THE PATENT OFFICE BUILDING.—This is considered quite a good specimen of Grecian-Doric style of architecture, 
and covers 2? acres of ground. The original building, commenced in 1837, is of Acquia Creek sandstone. In 1849 
the extension, built of Cockeysville, Maryland, marble, was begun. This extension was added to the northeast 
and west sides in such a way as to inclose a quadrangle, the walls of which, and the sub-basement of the whole 
edifice, are built of Maine, Quincy, Massachusetts, and Woodstock, Maryland, granite. 

THE SMITHSONIAN INSTITUTION.—The Smithsonian building is constructed of the Seneca sandstone. An 
examination of the building at the present writing shows it to be firm and substantial, and practically unaffected 
by any agencies, whether atmospheric or otherwise, except that Mr. Owen described the color of the stone when 
first quarried as a lilac gray, whereas it is now of a deeper and darker red color, due to its nature. In occasional 
nooks and corners in shaded portions of the building moss has appeared on the surface. It should be stated, 
however, that stone which is to be used for building purposes should be carefully selected. The top courses and 
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others manifestly inferior should be rejected. A little observation reveals that many building stones, especially 
sandstones, acquire an unfavorable reputation by lack of care in not rejecting the unfit portions, as in nearly all 
quarries there are layers close to the surface, and sometimes in deeper portions, which are defective and unfit for use. 

The building is in style of architecture Norman, dating about the end of the twelfth century, and ranks as one 
of the best specimens of this style now in existence. The different portions of the edifice, examined separately, 
are unlike in appearance, yet the general effect is pleasing and harmonious. 

THE WASHINGTON MONUMENT.—According to the original design of the Washington monument, an obelisk 
600 feet in height and 55 feet square at the base was contemplated. The original foundation was 80 feet square and 
16 feet 8 inches in height, 7 feet 8 inches extending below the surface. The wall of the obelisk is 15 feet in thickness 
at the base, gradually tapering at the rate of a quarter of an inch to the foot on the outside, the inside being 
perpendicular. The work is now rapidly progressing according to the original design, except that it is proposed 
to limit the height to 525 feet. The old foundation was pronounced defective by a board of engineers, and was 
enlarged to 126 feet 6 inches square, a work which was completed in 1880, and was done by excavating 70 per cent. 
of the earth from beneath the monument and introducing a mass of concrete 13 feet 8 inches in thickness. The 
great height of this structure, together with the marshy nature of the ground in its vicinity, made it necessary to 
use more than ordinary precautions in constructing a foundation that could be considered secure. The exterior 
walls of the shaft are of marble from Cockeysville and Texas, Baltimore county, Maryland, though in the beginning 
some Lee, Massachusetts, marble was used. The interior walls are chiefly of granite from different places on the 
coast of Maine. In a report made by Colonel Thomas L. Casey, corps of engineers, United States army, engineer 
in charge of the construction of the monument, to W. W. Corcoran, esq., chairman of the joint commission for the 
completion of this structure, dated July 27, 1878, is found the following table. So extraordinary a test of stability 
is given to the stone by the great weight of the superstructure, that it will be watched closely by builders and 
engineers as time determines its endurance: 
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The mean pressure per square foot upon the lower joint is 18.02 tons, and the maximum pressure brought upon 
any square foot of the lowest joint under the action of the wind is 22.658 tons. The crushing weight of the marble, 
as determined by the board above mentioned, is 517 tons per square foot. 

Nearly 200 memorial blocks were sent by the different states of the Union, by corporations, lodges, societies, 
individuals, and foreign countries, to decorate the interior walls of the monument. Blocks of granite came from the 
various regions of New England, Virginia, Maryland, California, Minnesota; marble and limestone from Vermont, 
Massachusetts, New York, Pennsylvania, Maryland, Virginia, North Carolina, Ohio, Kansas, Missouri, Iowa, 
Illinois, Mississippi, and Canada: and sandstone from the Triassic brownstone quarries of Connecticut and New 
Jersey. The following are some of the stones received from foreign countries: A block from the tomb of Napoleon, 
island of St. Helena; block of Grecian marble from the temple of Esculapius, presented by the officers of the United 
States steam frigate Saranac; block from Foo-chow, China; lava from Mount Vesuvius; sandstone said to be from 
the original chapel built to William Tell in 1358, on lake Luzerne, Switzerland; red syenite (granite) from the 
Alexandrian library in Egypt; porphyritic biotite granite from the Swiss Confederation; gray biotite gneiss from the 
empire of Brazii; Grecian marble from the governor and commune of the islands of Paros and Naxos, Grecian 
archipelago; marble from the Ottoman empire; a block of peculiar and characteristic greenish stone from China: a 
highly-polished block of red granite from Bremen; Grecian marble from the kingdom of Greece; a head carved 
between two and three thousand years ago by ancient Egyptians for a temple erected in honor of Augustus, on the 
banks of the Nile, and set in a block of Italian marble. 

Some of the contributions from corporations, societies, and individuals in this country are of Italian marble. 
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In the following list will be found some of the principal stone structures in Washington and vicinity, with 


kinds of stone used in their construction : 


1. ACQUIA CREEK SANDSTONE. 
Executive Mansion. 


Capitol building (old portion). 
Van Ness residence. 
City Hall foundation. 
Treasury building (old portion). 
Patent Office building (old portion). 
Van Ness mausoleum. 
2. POTOMAC MICA-SCHIST. 


Foundation of Executive Mansion. 
Foundation of Treasury building. 
Foundation of Washington Monument. 
Chapel in Oak Hill cemetery. 
Georgetown College (new building). 

3, SENECA SANDSTONE. 
Smithsonian Institution. 
Chapel at Soldiers’ Home. 
Chapel in Oak Hill cemetery (trimmings, front). ~ 
Department of Justice, formerly Freedman’s Bank. 
District jail. 
National Republican office, now Pension Office. 
School-house, Second and Potomac streets. 
Lincoln Hall. 
Cabin John’s bridge, parapets and coping. 
Memorial Lutheran church. 


Sub-basement south wing State, War, and Navy Department building. 


Center Market (foundations). 


4. WESTCHESTER COUNTY, NEW YORK, MARBLE. 


E-street portion of the General Post: Office building. 


5, COCKEYSVILLE, MARYLAND, MARBLE. 


Exterior walls of Washington Monument. 
Columns of the Capitol extension. 
Extension of Patent Office building. 
General Post-Office building (extension). 
Ascension church. 

Dormitory at Soldiers’ Home. 


6. LEE, MASSACHUSETTS, MARBLE. 


Portion of the exterior walls of the Washington Monument. 
Capitol extension. 
7. MAINE GRANITE. 


Interior of Washington Monument. 
Extension of Treasury building. 

Basement of new State Department building. 
Quadrangle of Patent Office building. 


8. QUINCY, MASSACHUSETTS, GRANITE. 


Patent Office interior walls, foundations, and basement (partly). 


9. WOODSTOCK GRANITE. 


Foundation of the Patent Office building (partly). 
National Museum (foundation). 
Masonic Temple (foundation). 


« 


10. PoRT DEPOSIT GNEIss. 


Foundation of Treasury building (extension). 
Saint Dominick’s church. 


11, BELLEVILLE, NEW JERSEY, BROWNSTONE. 
Corcoran Art Gallery. 











12. MANASssAS, VIRGINIA, BROWNSTONE. 
District jail (trimmings). 
13. MONTGOMERY COUNTY, PENNSYLVANIA, MARBLE. 


Stone-work at Botanical Garden. 
Sarcophagi containing bodies of George and Martha Washington, at Mount 


Vernon. & 


14. CAPE ANN GRANITE. 


Residence of Benjamin F. Butler. 


15. CONNECTICUT BROWNSTONE. 


Foundation and trimmings of E-street Baptist church. 
Saint Marc hotel. 

Arlington hotel (front). 

Columbia Institution for the Deaf and Dumb (trimmings). 
Masonic Temple (partly). 

Residence of Senator William Windom. 

Residence of Lieutenant Broadhead (trimmings). 
Metropolitan church. 

Agricultural building (trimmings). 

First Presbyterian church. 


16. Nova SCOTIA SANDSTONE. 


Masonic Temple (trimmings). 
Colonization building (front). 
Riggs house, 


17. RICHMOND, VIRGINIA, GRANITE. 


State, War, and Navy building (superstructure). 
Bureau of Engraving and Printing (foundation). 


18. OHIO SANDSTONE. 


National Republican building, now Pension Office (trimmings). 

Baltimore and Ohio depot (trimmings). 

Lewis Johnson & Co.’s bank. 

British Legation building. 

National Museum building. 

Ex-Governor A. R. Shepherd's block, opposite Farragut statue (Buena V sta 
stone). 

Portland flats. 

Capitol grounds, inclosure-walls (partly). 

Columbia Institution for the Deaf and Dumb (trimmings, partly). 


19. HUMMELSTOWN BROWNSTONE. 


Residence of Hon. James G, Blaine (trimmings). 
Residence of Senator John Sherman (trimmings). 
Residence of Senator J. D. Cameron (trimmings). 
Residence of Jerome Bonaparte (trimmings). 
Bureau of Engraving and Printing (trimmings). 


20. CHESTER COUNTY SERPENTINE. 


Residence on Fourteenth street. 
Residence on Iowa circle. 


21. VERMONT MARBLE,’ 


Floors of National Museum building (Swanton Lyonnaise marble). 
Walls of library of Navy Department (partly). 

Walls of cash-room in Treasury Department (partly). 

Corcoran mausoleum, Oak Hill cemetery. 


22. CHEAT RIVER, WEST VIRGINIA, SANDSTONE. 
Catholic institution between Twelfth and Thirteenth streets. 
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STONE PAVEMENTS.—In the report for the year ending June 30, 1880, Lieutenant F. V. Green, United States 
engineer corps, assistant to the engineer commissioner of the District of Columbia, gives the following interesting 
facts concerning the condition of the streets of Washington on the Ist of July, 1880: 
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It is stated that there were in all 1,188,597.47 square yards of wooden pavements, aggregating a length of 
nearly 50 miles, and costing $4,003,744; that in 1878 there were, exclusive of paving between railway tracks, 790,000 
square yards, or 34 miles, of wooden pavements; and that on June 30, 1882, these pavements had been partially 
replaced to the following extent: 
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The proportion of stone to asphalt laid in two years, from July, 1878, to July, 1880, is as 10 to 17. 

The granite-block pavement here is laid on a foundation of gravel and sand, and the joints are filled with cement 
of coal tar and gravel, as before stated. Of the 18 miles of stone-block pavements 7 miles are composed of North 
River blue-stone and the balance of granite. The granite comes from various quarries in Maine and cape Ann, 
Massachusetts, from Westerly, Rhode Island, and from Richmond, Virginia. The texture of the different varieties 
is quite dissimilar; the finer-grained stones make a smoother surface for a pavement and the coarser ones a more 
durable surface. Of the 17.50 miles of rough stone pavements 8 miles are composed of cobble (quartz or sandstone 
drift) and the remainder of rubble, mostly the so-called blue-rock or mica-schist, of Rock creek. A small amount 
of rubble is of the Seneca stone, which, owing to its more ready attrition, does not prove to be well adapted to 
paving purposes, excepting for sidewalks, 

The macadam pavement is mainly of the mica-schist from Rock creek, but part of it is broken cobble-stone 
and a part of it flint-stone—that is, quartz found in seamy ledges in the mica-schist formation. 


WHEELING, WEST VIRGINIA. 


The site of Wheeling is very narrow, on account of the abrupt hills, situated a short distance back from the 
river, which oblige the city to extend itself to a great length along the stream, as the hills are too abrupt to furnish 
sites for buildings. The material used in stone construction is the Coal-Measure sandstone quarried in the immediate 
vicinity, and on the opposite side of the river, in Belmont county, Ohio. This is of sufficiently good quality to 
answer for all ordinary purposes of construction. For the soldiers’ monument in course of construction the 
material used is granite obtained from the New England Granite Works at Hartford, Connecticut. Strictly speaking, 
there are no stone fronts in the city, but there is considerable stone in basement stories, corners, and other 
trimmings. The abutments of the suspension bridge across the Ohio river at Wheeling are constructed of sandstone 
from the local quarries. The wharves are constructed of cobble-stones gathered from the river at low water, and 
the streets are nearly all paved with this material. There is a small amount of stone sidewalk paving, and the 
material used is sandstone from the local quarries and from Buena Vista, Ohig; the Buena Vista stone comes 
already sawed to the proper dimensions for paving purposes; it stands foot-wear well. The local stone, from its 
coarser and more granular and friable structure, wears away more rapidly under foot-wear. 


WILKESBARRE, PENNSYLVANIA. 


Wilkesbarre is located in the celebrated Wyoming valley, which lies between two ranges of the Allegheny 
mountains, the sandstone of Catskill age being abundantly exposed on their sides and much used in Wilkesbarre 
for purposes of construction. This material is very durable, but hard and expensive to dress for fine work. One 
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of the principal quarries of this stone is situated in the mountains 7 or 8 miles east of Wilkesbarre; for the better 
class of trimmings Wyoming blue-stone from Meshoppen is now used almost exclusively, though considerable. 
Catskill red sandstone is also employed for caps, sills, and trimmings generally. The Luzerne prison in Wilkesbarre 
is the most important stone structure of the place. It is built of Campbell’s ledge stone, a siliceous conglomerate 
of a rich buff color, very substantial and durable. Several fine private residences in Wilkesbarre are constructed 
of it. There are some buildings trimmed with limestone from near Syracuse, New York. The material chiefly used 
for foundations and underpinnings is the Catskill red sandstone from the mountains in the vicinity. The Seral- 
Conglomerate, also quarried near, is used to a less extent for the same purpose. Only two or three streets are paved 
with stone, and the material used is cobble-stone from the Susquehanna river. The sidewalks are largely paved 
with stone, the material being the Catskill red sandstone before mentioned, and considerable Wyoming blue-stone: 
from Meshoppen. Lehigh slate is also used to a limited extent for the same purpose. The curbstones are of Catskill 
red sandstone and Wyoming blue-stone. The bridge abutments in the bridges crossing the Susquehanna river are 
of Catskill red sandstone. 


WILLIAMSPORT, PENNSYLVANIA. 


There is no good stone for the better class of construction quarried near Williamsport. and where stone Caps,. 
sills, ete., are wanted they are brought from Hummelstown, Pennsylvania, almost exclusively, although some Berea 
and Amherst stone have been used for trimmings in one building. The Lycoming County court-house is trimmed 
with Nova Scotia sandstone, which nearly resembles the Ohio sandstone in color and texture. A few buildings have 
steps of the Montgomery County marble; the steps of the court-house are of New England granite, and are becoming 
slippery from foot-wear. In the cases of the North River blue-stone, Wyoming blue-stone, Ohio stone, and others. 
having a sandy grit, there is no tendency to become slippery. The siliceous conglomerate, probably of Seral or 
Pottsville Conglomerate age, quarried at Ralston, Lycoming county, is the stone most used for steps and base courses ; 
it is quite durable, does not become slippery, and seems to give entire satisfaction. It resembles the conglomerate 
at Pottsville quite closely. The stone most used for curbing is an even-bedded, slaty stone, easily quarried in 
suitable shapes for curbing; one piece being observed which was 30 feet long and one foot square at the end,. 
resembling a hewn log. For bridge abutments rough stone from the mountains in the vicinity is used. Stone has 
heretofore been comparatively little employed at this place. Only one street is paved with stone and the material 
is rubble from the vicinity. There is but a limited amount of stone sidewalk pavement; the material most used is. 
Wyoming blue-stone from near Meshoppen. Red and light-colored flags quarried in the vicinity are also used for 
this purpose, and there are a few flags of Ohio sandstone. 


WILMINGTON, DELAWARE. 


The building stones used in Wilmington are the Connecticut, Ohio, and New Jersey sandstones; marble fron: 
Cockeysville and Texas, Maryland; serpentine from Chester county, Pennsylvania; and granites from Brandywine 
creek, near the city. This last is the most convenient source of supply for the city for ordinary purposes, such as. 
foundations and underpinnings, and for stone street pavements. The sidewalks are not paved with stone; the 
curbs are granite from Brandywine creek. The Cockeysville marble and the serpentine from Chester county are, 
however, in easy distance from the city, and have been used extensively. The court-house and a large church are: 
constructed of the serpentine before mentioned, and also a building of Connecticut sandstone. The material in the 
walls of this building was set on edge, and it exfoliated badly. The following buildings are constructed of the 
Brandywine stone: Saint John’s Protestant Episcopal church, Market street, and the houses of William Brinckly,. 
Kennet street; Edward McIngalls, Eleventh and Jefferson streets; Joab Jackson, Eleventh and Washington: 
streets ; William Bush, Browne street; and Edward Tatnall, Market street. 


WINONA, MINNESOTA. 


Taking into consideration the location and readiness of access to the quarries and the quality of the material, 
there is no possibility of obtaining a better supply of building stone for use here than material found at Winona, 
Red Wing, and Stillwater. The stone when freshly quarried is easily wrought, but becomes hard by weathering. 
The railroad bridge, the jail, the sheriff’s residence, and the piers and abutments of Winona bridge across the 
Mississippi river, are built of Winona limestone. Most of the business blocks are of red brick made near Winona. 
Some Ohio sandstone has been lately imported for trimmings. Among the other stones used for trimmings are the 
sandstone from Fond du Lav, Wisconsin, and the lime-rock from Frontenac and Kasota. The streets are not. 
paved with stone, and there is but very little stone sidewalk pavement; the material used for this purpose is lime- 
rock from Winona. 


WOONSOCKET, RHODE ISLAND. 
In this place stone is very little employed as a material of construction. The quartzite and mica-schist, 


especially from the local quarries, have been largely used in building the mills, many of which are stuccoed. 
Northbridge, Massachusetts, granite and Diamond Hill granite are considerably used for underpinnings in the 
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better houses. Curbs and crossings are usually of the Northbridge granite; walls are built largely of the local 
quartzite, which forms the poor man’s stone of Woonsocket. The cobble-stones used in some of the buildings are 
found in the vicinity ; in one or two structures Connecticut brown sandstone is employed. 


WORCESTER, MASSACHUSETTS. 


The houses here are mostly brick and frame structures. The main street contains most of the stone buildings. 
The local quarry known as Millstone ledge was some time ago given by its owner to the citizens for their free 
use; it is, however, mostly quarried by one man. The stone is good for common uses, but is not quite uniform in 
_texture, and is too much stained for finer buildings or trimmings. The Arnold row of stores, built of this stone, 
exhibits its durability, and at the same time its rather unattractive appearance. The firm, sandy clay which forms 
the site of the city furnishes good foundations. The proportion of houses to inhabitants is large on account of 
the many small frame structures designed for the accommodation of factory employés. The foundations and 
underpinnings are of local gneissoid granites from the Millstone ledge. The principal business streets are paved 
with: granite from Fitzwilliam, New Hampshire, and Westford, and the streets and sidewalks are usually paved 
with local and Fitzwilliam granites. The curbs are of the gneiss from the Millstone ledge. There are nearly 
2 miles of stone arch sewers and bridge abutments built of the material from the local quarry. The Fitzwilliam 
granite is largely brought here by the proprietor of a local quarry, The Messrs. Norcross have constructed fine 
residences of the Longmeadow sandstone. 


YONKERS, NEW YORK. 


The stones in the vicinity of Yonkers available for building purposes are the trap bowlders and a very rough 
gneiss-rock, good only for foundations. For the better class of stone construction brownstone from Portland, 
Connecticut, and Ohio sandstone are used. There is an aqueduct some 300 feet long and 40 feet high faced with 
partly rough and partly dressed stone, the rough material of which is broken bowlders of trap, and the cut stone 
is gneiss from a local quarry. There is also about the town a great deal of retaining-wall made almost entirely 
of broken bowlders of trap. All these bowlders, of which there seems to be an unlimited supply, are found on or 
near the surface of the ground, enough being usually found in digging the cellar to build the foundation walls, 
and often underpinning also. The streets are to some extent macadamized with limestone from Tomkins Cove 
and with trap-rock and crushed bowlders. This style of paving is known as the Telford paving; in some localities 
the sidewalks are largely paved with North River blue-stone, as are all the cities which are within easy reach of the 
blue-stone region. Ourbstones are also of this material. 


YORK, PENNSYLVANIA. ’ 


The Siluro-Cambrian limestone,-quarried in the vicinity of York, furnishes all the material that is used for the 
construction of cellars, foundations, street paving, and road macadamizing. The Goldsboro’ brownstone from the 
Triassic formation in York county is used to a considerable extent. Of the marbles used for caps, sills, curbing, ete., 
considerable comes from Cockeysville and the town of Texas, near Baltimore, Maryland, some from Montgomery 
county, Pennsylvania, and some from Vermont and Massachusetts. The Gettysburg granite, a trap-rock precisely 
similar to the Conewago granite, is much used in York for steps, bases, caps, and sills. It is quarried on the battle- 
field at Gettysburg. The limestone quarried in the vicinity is the only stone used near York in the construction of. 
bridges. There is a canal wall constructed of it. For steps and curbing, beside the Goldsboro’ brownstone, which 
is principally used, considerable Gettysburg granite is used; also some Richmond, Virginia, granite; marble from 
Cockeysville, near Baltimore; some Montgomery County marble, and, occasionally, Connecticut brownstone. For 
base courses Gettysburg granite is used to some extent; for caps, sills, etc., Cockeysville marble, Montgomery 
County marble, New England marble, and some Gettysburg granite. For hall-ways and office floors, black and 
, white marble tiling prepared in Philadelphia is used. One building is trimmed with the Amherst, Ohio, stone. 
The streets are nearly all macadamized with the native limestone. Sidewalks are but little paved with stone, and 
the material chiefly used is the native limestone. Peach Bottom slate, however, is used for this purpose in a few 
instances. The curbstones are of Goldsboro’ brownstone. 


ZANESVILLE, OHIO. 


The sources for building stone are a ledge of Coal-Measures sandstone, quarried in the immediate vicinity. This 
ledge is a solid mass, about 40 feet in thickness, so that the supply is abundant; by far the larger part of the stone 
in and about Zanesville is of this material. It is used exclusively in the construction of canal locks, house 
foundations, excepting occasionally the top courses, and it furnishes a considerable part of sidewalk pavement. 
Two or three of the oldest buildings in Zanesville are constructed entirely of this stone. It proves to be durable 
in the walls of buildings, but does not resist foot-wear so well. The stone work of the Clarendon hotel is of the local 
sandstone. An abundance of this material, the ease with which it may be worked, and its fair quality for all 
ordinary building purposes, give it the. first place in importance among the building stones found in the 
neighborhood. Another source of supply is the ferriferous limestone near the same horizon. 
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Carter VIIL—THE DURABILITY OF BUILDING STONES IN NEW YORK 
| CITY AND VICINITY. (a) | 


By ALEXIS A. JULIEN, PH. D. 





The ravages upon our building stones, by that complex association of forces which we call “the weather”, are 
dangerous and rapid. The indications of interest in regard to the serious results, which are sure to come within 
a short period, are feeble and evanescent. A brief discussion of the main facts and of the principles involved may 
aid in forming a basis upon which future investigations mayrest. The commissioners, appointed by the Department 
of the Interior “‘to test the several specimens of marble offered for the extension of the United States Capitol”, 
said in their report of December 21, 1851: 

Though the art of building has been practiced from the earliest times, and constant demands have been made in every age for the 
means of determining the best materials, yet the process of ascertaining the strength and durability of stone appears to have received 
but little definite scientific attention, and the commission, who have never before made this subject a special object of study, have been 
surprised with unforeseen difficulties at every step of their progress, and have come to the conclusion that the processes usually employed 
for solving these questions are still in a very unsatisfactory state. 

Over thirty years have passed since these words were written, and the same methods are still largely in use, 
although new instruments and processes and rich discoveries concerning the structure of stone have been made 
available within a quarter of a century. The facts presented have been gathered from many sources published 
and unpublished, and from long personal observation. It is but a question of time when careful and thorough 
investigation for the purpose of determining the best means to avert the coming destruction will be called for. It 
is necessary first to understand the number and the character of the natural foes which are making this deadly 
attack. 

All varieties of soft, porous, and untested stones are being hurried into the masonry of the buildings of New 
York city and its vicinity. On many of them the ravages of the weather and the need of the repairer are apparent 
within five years after their erection, and a resistance to much decay for twenty or thirty years is usually considered 
wonderful and perfectly satisfactory. 

Notwithstanding the general injury to the appearance of the rotten stone, and the enormous losses annually 
involved in the extensive repairs, painting, or demolition, little concern is yet manifested by either architects, 
builders, or house-owners. Hardly any department of technical science is so much neglected as that which 
embraces the study of the nature of stone, and all the varied resources of lithology in chemical, microscopical, and 
physical methods of investigation, wonderfully developed within the last quarter-century, have never yet been 
properly applied to the selection and protection of stone as used for building purposes. 

The various suburbs and vacant districts have been gradually approaching a character sufficiently settled to 
justify the erection of entire and numerous blocks of private residences, huge buildings for business offices in the 
lower part of the city and for family flats in the central and upper wards, besides large numbers of public edifices, 
storage houses, manufactories, etc. The failure of stone to resist fire in the business district, and the offensive 
results of discoloration or serious exfoliation, which the poor durability of many varieties of stone has rendered 
manifest in all parts of the city, have already largely diminished its proportionate use, in reference to brick. 
Nevertheless great quantities of stone of many kinds are yet introduced, as ashlar or the trimmings of apertures, 
into the buildings now in progress, and will soon be further employed, if the present activity in building be 
continued, not only in the private enterprises already mentioned, but in others of more lasting and public 
importance; e. g., the projected improvements and additions in connection with our water supply, as aqueducts 
and reservoirs; the new bridges proposed over our rivers; the replacement of our rotting wooden docks by more 
permanent structures; and perhaps, we may hope, the huge pedestal to support the statue of Liberty on an 
island in our harbor. As the kinds of building stone brought to this market for these purposes are increasing in 
number and variety, and their selection and mode of use, as it seems to me, are irregular and indiscriminate, 
whether from the ignorance or the carelessness likely to prevail in a busy, money-getting community, it would 
appear proper that a voice of warning should now be heard, calling attention to the dangers involved in the use of 
bad stone or the bad use of good stone; in the enormous waste and expense soon required for repairs in our 


severe climate, or in the consequent disuse of stone in favor of brick, by a natural reaction, to the injury of the 
beauty and comfort of our city. 

a From the commercial relations of New York to the quarries of this country and of foreign countries, and from the enormous scale 
on which the practical value of building materials is tested in that city, this chapter, though local in title, forms the best available 
summary upon the durability of building stone for the United States, and is therefore placed in the present order. 
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There are three classes in the community to which such a warning is addressed: 

1. A considerable number of house-owners, to whom it seems to come too late, since they have already expended 
tens of thousands of dollars in temporary repairs, patching and painting decayed stone, and many of whom have 
doubtless made rash vows to use hereafter, in construction, brick, iron, terra-cotta, wood—anything but stone. 

2. House-owners, not yet aware of the coming dilapidation, and who can yet take precautions to delay or 
prevent its arrival—or others about to build, and who have implicit faith in the eternity of building-stone, since 
it comes from the “everlasting rock”, or at least in a duration which will last their lifetimes—and also a certain 
proportion of builders and architects willing to learn, and who have much to learn, since the practical scientific 
study of building stones is yet to be made. 

3. And lastly, the architects, builders, and contractors, who know all about the subject, or who do not care 
what happens to the houses they build, and that large part of our population who never expect to own any houses. 
To all these the decay of the stone in this city is a matter of indifference, and the quotation presented below— 
. “scarcely a public building of recent date will be in existence a thousand years hence”—few of them, indeed, over 
a century or two, in fair condition—is only a matter of jest. 


1.—EFFECTS OF WEATHERING UPON THE BUILDING STONE OF NEW YORK, ETC. 


In foreign countries the subject of the attack of atmospheric agencies on building stones has received much 
attention, particularly within the last half century, and much earnest effort, though as yet ill-systematized and 
ill-regulated, has been exerted for their protection by means of the new light and facilities of modern sciences. 
The contrast between the durability of the stone buildings erected in modern and in the most ancient times is 
strongly marked : 

In modern Europe, and particularly in Great Britain, there is scarcely a public building, of recent date, which will be in existence 
a thousand years hence. Many of the most splendid works of modern architecture are hastening to decay in what may be justly called 
the infancy of their existence, if compared with the dates of public buildings that remain in Italy, in Greece, in Egypt, and the East.— 
Gwili’s Encyclopedia of Architecture. 

In England this is largely due to the general use of soft freestones, both sandstones and, especially in London, 
earthy, loosely compacted limestones. Before the erection of the houses of parliament a royal board of commissioners. 
was appointed for the selection of the proper building stones, and a large amount of information was collected on 
the subject of the modes and rapidity of weathering of the various building stones throughout the United Kingdom. 
So difficult and novel, however, was the investigation that the results obtained have been only partially successful, 
both in the selection of the stone, and, on its incipient attack by the atmosphere of London, in the artificial means. 
suggested for its preservation. Only last year the statement was made, in reference to the building of the royal courts. 
of justice, just erected and inaugurated in London : 

What will be the fate of its exterior carvings and frettings after another fifty years of London smoke, all of us can tell. The same 
may be said of a thousand other buildings, great and small, that the past generation of Londoners has raised as monuments of its own 
ignorance of the simplest conditions of good building. They carve their fronts with carvings of flowers and fruit, which in a year the: 
soot will blacken past recovery, and in five years corrode beyond recall. 

We see important and costly edifices restored in the lifetime of the architects who designed them, and palaces patched with cement 
and painted over every three or four years, before their builders have passed away. * * * No remedy has been found for the decay of 
soit calcareous stone in our smoky cities; and yet, in our childish helplessness, we continue to use it daily and year after year, as if we 
had no warnings of the folly of doing so. (a) 

In a recent investigation of the subject, founded largely on a study of the stone monuments in the grave-yards. 
of Edinburgh, Dr. A. Geikie, of the geological survey of Great Britain, has pointed out that in a town the weathering 
action differs from that which is normal in nature; on the one hand in the formation of sulphuric acid from smoke, 
causing more rapid decay of stone-work ; on the other in the inferior range of temperature in towns and less severe 
action of frost. 

Dr. Geikie also found that sandstones, if siliceous, were sometimes only roughened in two hundred years. When 
colored the destruction goes on by solution of cement, or of the matrix in which the particles of silica are enbedded, 
€. g., clay, carbonate of lime, and iron and hydrous and anhydrous ferric oxide. In this material he estimated the 
rate of lowering to amount to three-quarters of an inch in a century. 

In the stone of the buildings of New York and adjacent cities the process of disintegration and destruction is 
widespread, and yearly becoming more prominent and offensive. 

GNEISs.—The commissioners of the Croton Aqueduct department, in their annual report for 1862, page 67, make 
the following statement: 

The retaining-walls of the embankments in many cases require extensive rebuilding. Most of these walls have been constructed of 
the stone found in their immediate neighborhood—often of a-very inferior and perishable character. Thus far we have been able to keep 
these walls in comparatively good order by removing every year portions of disintegrated stone and replacing them with durable material ; 
but during the past year snch large portions, and at so many points, are giving way in mass, that an increased amount must necessarily 
be expended on them during the coming season. 


—_— * 


a The Builder, 1881, p. 708. 
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MARBLE.—lItalian marble has been found incompetent to withstand the severity of our climate, when used for 
outdoor work ; and of this good illustrations are shown in the pillars, once elegantly polished, in the portico of the 
church on the southeast corner of Fourth avenue and Twentieth street, ete. The same objection has been urged 
to the outdoor use of American marbles in our cities, supported at least by their rapid discoloration, but the question 
is yet unsettled. 

Professor Hull observes : 

From the manner in which the buildings and monuments of Italy, formed of calcareous materials, have retained to a wonderful 
degree the sharpness of their original sculpturing, unless disfigured by the hand of man, it is clear that a dry and smokeless atmosphere is 
the essential element of durability. In this respect, therefore, the humid sky and gaseous air of British towns must always place the 
buildings of this country at a comparative disadvantage as regards durability. 

And again: 

Under a smokeless atmosphere it is capable of resisting decay for lengthened periods, though it becomes discolored. * * * The 
perishable nature of the marble when exposed to the smoky atmosphere of a British city, is evinced by the decayed state of the tomb of 
Chantrey, erected in 1820, in the “‘ God’s acre” belonging to St. John’s Wood chapel. 

Another example of this decay is shown in the group of Queen Anne, ete., erected from Carrara marble, about’ 
the beginning of the eighteenth century, before the west front of St. Paul’s, in London, England, and which has 
been covered throughout with a coat of paint in the hope of slightly retarding its inevitable decay. The dolomitic 
marble of Westchester county has been largely employed in our buildings, and some idea of its character for 
durability may now be gained. A fine-grained variety was used in the building of the United States assay-office, 
in Wall street; its surface is now much discolored, and the edges of many of the blocks show cracks. A variety 
of medium texture was employed in the hotel at the corner of Fulton and Pearl streets, erected in 1823; the surface 
is decomposed, after the exposure of exactly sixty years, with a gray exterior, in a crust from one-eighth to one- 
fourth inch in thickness, soft and orange-colored in section. Many crystals have fallen out of the surface on the 
weathered eastern face, producing a pitted appearance. A very coarse variety has been used in the bank building 
at Thirty-second street and Broadway, in large part being set on edge; very many of the blocks are more or less 
cracked, even in the highest story. In the United States Treasury building, in Wall street, a rather coarse 
dolomite-marble, rich in tremolite and phlogopite, was used, the blocks being laid on bed in the plinth and most 
of the ashlar, but largely on edge in the pillars, pilasters, etc.; in the latter case vertical fissures commonly mark 
the decay, but even elsewhere a deep pitting has been produced by the weathering out of the tremolite. The 
marble used in many other prominent buildings has been improperly laid, e. g., in both of the buildings of the city 
hall, the Drexel building, at the corner of Broad and Wall streets, the Academy of Design, at Twenty-third street 
and Fourth avenue, etc. The same process of ultimate ruin in its incipient stages is abundantly shown, even in the 
marble slabs in Saint Paul’s church-yard and monuments of Greenwood cemetery, by discoloration and disintegration 
of surface. In the United States hotel, on Fulton street, constructed of Westchester marble in 1823, we have the 
opportunity to study the effect of weathering for over a half century. Though presenting a good appearance at 
a distance, the stone has become pitted by the falling out of grains, especially on the east side, and is tinged a 
dirty orange by a crust of decomposition from one-sixteenth to a quarter of an inch in depth. 

The horizontal tablets, supported on masonry which has partially settled (e. g., J. G., 1821), generally show a 
slight curvature in center, only in part, possibly, produced through solution by standing rain-water. 

Dolomieu first made the observation on an Italian marble, called betullio, that it possessed a degree of flexibility 
allied to that of the itacolumite of Brazil. Gwilt states (Hncyclopedia of Architecture, p. 1274) : 

Some extremely fine specimens of white marble are to be seen in the Borghese palace at Rome, which, on being suspended by the 
center on a hard body, bend very considerably. It is found that statuary marble exposed to the sun aequires, in time, this property, 
thus indicating a less degree of adhesion of its parts than it naturally possessed. 

In the white-marble veneering of the facade of St. Mark’s, Venice, the same effect has been observed by Mr. 
C. M. Burns, jr., in the lower half of a slab of veined marble, 2 inches thick, on the south side of the northernmost 
of the five portals, just behind the columns and about 5 feet from the pavement. ‘The slab is 11 feet 2 inches long, 
and 1 foot 6 inches wide; it is hung to the backing by copper hooks driven into the brick-work, but the lower part, 
for a distance of 5 feet 7 inches, bulges out 23 inches from the backing. 

The exposure is directly westward, and I found that it became decidedly warm in the afternoon sun, while the backing would be 
likely to keep its temperature lower. Though the outer surface is somewhat weatherworn, I could not find the slightest tendency to 
fracture in any part.—The American Architect and Building News, 1882, p. 118. 

Also at the palace of the Alhambra, in Grenada, Spain, one of the two doors that have been christened “La 
Mezquita” exhibits an ancient facing of three slabs of marble, the upper resting as a lintel upon the two others, 
which form uprights, 11 feet in height, 9 inches in width, and only 24 inches in thickness. At 18} inches from the 
top of the door the slab on the right begins to curve ond to detach itself from the wall, attaining the distance of 
3 inches at about 3 feet from the bottom. From a subsidence of the material of the wall an enormous thrust 
has been exerted upon the right, and the marble, instead of breaking or of rupturing its casings, has simply bent 
and curved as if it were wood.—La Nature, 1882. 
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I nave also been informed at Sutherland Falls and other quarries near Rutland, Vermont, that the bending 
of thin slabs of marble exposed to the sunshine in the open air, and accidentally supported only at the ends, has 
been there repeatedly observed. 

Fleurian de Bellevue discovered a dolomite possessed of the same property in the Val-Levantine, of Mount 
Saint Gothard. Dolomieu attributed the property to ‘“‘a state of desiccation which has lessened the adherence of 
the molecules of the stone”, and this was supposed to be confirmed by experiments of De Bellevue, who, on heating 
inflexible varieties of marble, found that they became flexible. 

This change, however, cannot be connected with the remarkably small content of water existing in marbles, 
but with a peculiarity of their texture, which has been briefly discussed by Archibald Geikie (Proc. Roy. Soc. Edinb., 
1880), in an interesting investigation on the decay of the stones used in Scotch cemeteries. He has pointed out 
that the irregular and closely-contiguous grains of calcite which make up a white marble are united by no cement, 
and have apparently a very feeble coherence. 

It appears to me probable also that their contiguous crystallization has left them in a state of tetision, on 
account of which the least force applied, through pressure from without, or of the unsupported weight of the stone, 
or from internal expansion by heat or frost, produces a separation of the interstitial planes in minute rifts. Such 
a condition permits a play of the grains upon each other and considerable motion, as illustrated in the commonly- 
observed sharp foldings of strata of granular limestones, without fractures or faults. In such cases, also, I have 
observed that the mutual attrition of the grains has been sometimes sufficient to convert their angular, often 
rhomboidal, original contours into circular outlines, the interstices between the rounded grains being evidently 
filled up he much smaller fragments and rubbed-off particles; e. g., in the white marble of the anticlinal axis at 
Sutherland Falls, Vermont. 

These results are confirmed by the appearances, familiar to all lithologists, in the study of thin sections of 
marble, the latent interstices between the grains of calcite having been often developed by the insinuation of films 
and veinlets of iron-oxide, manganese-oxide, etc. While a polished slab of marble fresh from the stone-yard may 
not be particularly sensitive to stains, after it has been erected and used as a mantel-piece over a fire-place, its 
increased absorption of ink, fruit-juices, etc., becomes strongly marked. On this property are founded the 
processes, always preceded by heat, for the artificial coloring of marbles. 

In the decay of the marble, largely Italian, in the atmosphere of Edinburgh, Geikie has recognized three 
phases: 

1. Loss of polish, superficial solution, and production of a rough, loosely-granular surface. This is effected, 
Geikie states, by ‘‘exposure for not more than a year or two to our prevalent westerly rains”. The solution of the 
surface may sometimes reach the depth of about a quarter of an inch, and the inscriptions may become almost 
illegible in sixteen years. 

In our own dry climate, however, these results do not appear. The polish often survives ten years in our city 
cemeteries, and even for over half a century, near the ground, in the suburban cemeteries; in one instance, at 
Flatbush, it has remained intact for over 150 years, on the tombstone of F. and P. Stryker, dated 1730. Inscriptions 
are decipherable in Saint Paul’s church-yard back to the date of 1798, but about one-tenth are illegible or obliterated ; 
the latter effect was never seen in a single instance on the suburban stones, and is evidently due to the acid ae 
in the rain-waters of the city. 

2. Incrustation of the marble with a begrimed, blackish film, sometimes a millimeter in thickness, consisting 
of town-dust, cemented by calcium sulphate, and thorough internal disintegration of the stone, sufficient, after a 
century, to cause it to crumble into powder by very slight pressure. 

Neither the crust nor any deep disintegration has been observed in the oldest marble tombstones in the cemeteries 
of New York; their absence is plainly attributable to the inferior humidity of our atmosphere and the absence of 
smoke from soft coals. 

3. Curvature and fracture, observed in slabs of marble, firmly inserted into a solid frame-work of sandstone. 
This process consists in the bulging out of the marble, accompanied with a series of fractures, and has been 
accomplished by expansion due to frost. Tombstones are never constructed in this way in our cemeteries; but the 
curvature of horizontal slabs, observed in Saint Paul’s church-yard, produced by the sagging of the supporting 
masonry beneath the center of the slab, is simply indicative of the flexibility of the material. 

Geikie states: 

The results of my observations among our burial-grounds show that, save in exceptionally sheltered situations, slabs of marble 
exposed to the weather in such a climate and atmosphere as that of Edinburgh are entirely destroyed in less than a century. Where 
this destruction takes place by simple comparatively rapid superficial solution and removal of the stone, the rate of lowering of the 
surface amounts sometimes to about a third of an inch (or, roughly, 9 millimeters) in a century. Where it is effected by internal 
displacement, a curvature of 24 inches, with abundant rents, a partial effacement of the inscription, and a reduction of the marble to a 
pulverulent condition, may be produced in about forty years, and a total disruption and effacement of the stone within one hundred. It is 
evident that white marble is here utterly unsuited for out-of-door use. 

My own conclusion, from observations in New York, is that, in the cemeteries within the city, the polish on 
vertical slabs is usually destroyed in about ten years; that the inscriptions are only in small part effaced within 
from thirty to fifty years, and are for the most part perfectly legible on the oldest tombstones, dating 1 798; and that, 
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although the reduction of the surface to a loose granular condition may reach the depth of ten millimeters, the 
actual lowering of the surface seldom exceeds 5 or 6 millimeters, the internal disintegration is never sufficient 
to affect sensibly the strength of the stone during the periods of exposure which have been noted, and a slight 
flexure, perhaps to the amount of 12 or 15 millimeters, sometimes affects the center of horizontal slabs, 2 meters in 
length. 

In the cemeteries without the city the polish may often survive near the ground, on the faces of vertical 
slabs, for over one hundred and fifty years, as the granulation of the surface rarely exceeds a depth of 3 or 4 
millimeters; and all the inscriptions remain perfect on the oldest vertical tombstones, suffering partial effacement 
only on horizontal slabs. 

Although these facts show the far greater durability of marble in our dry and pure atmosphere, the frequent 
obliteration of inscriptions, the general, and often rapid, granulation of the surface, and the occasional fissuring 
of slabs, show that the decay of marble—in the varieties hitherto long used in New York city—is steady, 
inevitable, and but a question of time; and with Geikie, I, too, am convinced that, if unprotected, such materials 
are utterly unsuited for out-of-door use, at least for decorative purposes or cemetery records, within the atmosphere 
of a city. 

SANDSTONE.—In regard to brownstone there seems to be a common if not universal opinion—but, in my own 
view, too hasty, and by no means established—which is presented in the following quotation: 

The days of brownstone fronts for the better class of houses are probably numbered. A thin veneering of soft stone, hooped on 
to a brick wall, adds almost nothing to the strength of a building. On the exposure of the brownstone fronts for sixty or eighty 
years to the severity of our climate, in the opinion of intelligent stone-cutters, the majority of them will be in ruins, and the remainder 
much dilapidated. ; e 

In the widely-quoted opinion of one architect, this stone is of no more use for architectural work in this region 
than so much gingerbread. . 

Even the brown sandstone of the city hall, originally of a very superior quality, and the crumbling cornices, 
lintels, etc., of numberless houses which line some of the other streets of the city, evince the progress of the decay. 
It makes no very great difference whether the stone is laid parallel or perpendicular to its grain. In the former 
case its destruction is more rapid; in the latter, rottenness soon appears in the lintels, columns, cornices, and other 
projecting portions of the edifice. Several of the fronts along Fifth avenue, some of them less than ten years old, 
already look frightful to the experienced eye of an honest stone-cutter. 

In regard to the name “ Nova Scotia stone”, it may be well to explain that it originated many years ago, when 
grindstone dealers obtained their supplies from some small surface quarries located in and near Nova Scotia. As 
that stone was of a yellow color, the stone trade has persisted ever since in calling every light-colored stone coming 
from anywhere in that section ‘‘Nova Scotia stone”. However, 95 per cent. of the imported stone is derived from 
New Brunswick (probably 85 per cent. from Dorchester), and the remainder from Nova Scotia and other points. 
The popular name has been applied to light-colored stones of every quality, quarried at various points of 
eastern Canada, over a wide section of country, hundreds of square miles in extent, and variously worked out at 
tide-level, under tide-water, from exposed reefs running out into the sea, or, as at Dorchester, New Brunswick, 
from a hillside 900 feet high and a quarter of a mile from tide-water. The small quarries usually work out only 
such stones as they can obtain from outcropping ledges and bowlders, and these are apt to be of bad and varying 
color, more or less full of iron and other defects; for example, the surface quarries of Hillsboro’, New Brunswick, 
long since abandoned, used in the houses in Forty-second street near Madison avenue, in Second avenue near Fifty- 
fifth street, some of the bridges in Central park, etc. At the quarries of Dorchester, New Brunswick, it is stated 
that from 35 to 50 feet of inferior rock and débris are first stripped off to reach the sound rock which is sent to this 
market. The introduction of this stone into the city as a building material has been too recent to allow any measure 
of its durability. A little exfoliation may be, however, distinguished near the ground line, and on the sides and 
posts of stoops, in many cases. Also, in panels, under heavy projecting moldings, cornices, etc., where the sun 
has no chance to reach and dry up the dampness, the stone molders away slightly over the surface. In the 
cemeteries it is rarely or never used; in one example, possibly of this material, in Saint Paul’s church-yard, 
(W. J. M., 1841), the decay is plainly beginning around the carvings. The discoloration of good varieties of the 
stone would be very slow to affect vertical surfaces, properly protected by drips; but on sloping, horizontal, or 
shaded surfaces, especially near the street-level, street-dust is sure to lodge and cling, all the more after the surface 
becomes roughened by a slight disintegration ; while the rough usage to which the stone of balustrades and stoops 
is always subjected in a busy street, renders this, as well as all other soft varieties of freestone, liable to chipping 
as well as offensive discoloration (e. g., in the courses, trimmings, and posts of the church on the corner of Forty- 
second street and Madison avenue, ete.), and unsuitable for use near the ground line. 

These freestones from New Brunswick and Nova Scotia, largely employed in our cities, rarely exhibit a 
laminated structure, and, though a softer stone than the Triassic sandstone just referred to, is rarely affected by 
exfoliation to any extent, partly perhaps because its introduction into this district has been much later than that 
of the brownstone. Many instances occur, huwever, where already an exfoliation has taken place, especially near 
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the ground line and on peculiarly exposed surfaces, sufficient to mar offensively the appearance of the masonry. 
This is exceptional it is true, but only a proper investigation or a far longer trial—as yet little exceeding twenty- 
five years—will establish the fitness of this stone for this climate. 

So also the freestone from Amherst, Berea, etc., Ohio, has been used to considerable extent, and in one building 
(on the corner of Broadway and Barclay streets) has stood well for twenty years. Its rich content of quartz, said 
to reach 97 per cent. in the buff stone from Amherst, renders this one of the most promising, in regard to durability, 
of all the freestones of the sandstone class yet introduced here. Buildings constructed of this material in this 
city since 1857 (e. g., on the corner of Barclay street and Broadway, on the corner of Howard and Crosby streets, 
etc.), show no decay, but only discoloration. In other instances (e. g., rows of houses on Fiftieth street, west of 
Fifth avenue, on Madison avenue between Thirty-fourth and Forty-third. streets, etc.) the blackened discoloration 
and frequent chipping of edges of the soft stone are quite offensive. On the other hand, it must be admitted that 
a stone which cleans itself by the disintegration of its surface, the grains dropping out and so carrying away 
the dirt, as in the poorer and softer varieties of brownstone or of Nova Scotia stone, is by that very action still 
more objectionable from its want of durability; and the discoloration of the Ohio stone is offset, at least in part, 
in the best varieties, by their hardness and promise of durability. Nevertheless, all these light-colored freestones 
from New Brunswick or Ohio, as well as the light-colored limestones from Indiana, etc., and the light-colored 
granites from New England, are all open to the special objection of most offensive discoloration (described beyond) 
shown here in abundant instances as in the cities of the west. This is more likely to affect inclined than vertical 
surfaces, and those near the level of the street, 7. e., within the reach of deposit of street dust; and the objection 
might be largely obviated by our builders by discarding the light-colored stones of all kinds from projections 
(cornices, dressings of doors and windows, etc.), and from our stoops, where the additional softness of some 
varieties renders them liable to disfigurement from wear and blows (e. g., the blocks of Nova Scotia stone fronts in 
Madisop avenue, above Thirty-fourth street). 

MEDINA SANDSTONE.—This material is of recent introduction (e. g., Baptist church on Fifty-seventh street, 
west of Sixth avenue), and its true durability cannot yet be estimated. 

BLUE-STONE (graywacke).—This stone is yearly coming into more general use, and, though somewhat somber 
in tone and difficult to dress, seems likely to prove a material of remarkable durability. In one building in 
Twenty-fourth street, between Madison and Fourth avenues, its condition appears to be excellent, after fifteen 
years’ exposure perfectly retaining the tool marks. The variety reported to come from the Wyoming valley (e. g., 
in the building on the north side of Union square) is really derived, as I am informed by Professor H. L. Fairchild, 
from Meshoppen, Pennsylvania. 

The blue-stone or graywacke of central New York and of Pennsylvania has not only been of general use as a 
flag-stone, but, in compact varieties, has been yearly coming into greater use in our cities for the purpose of water- 
tables, ornamental bands, window-sills, etc., and, although not a freestone, has recently been introduced even for 
the fronts of residences (e. g., on northwest corner of Madison avenue and Seventy-second street). It is likely to 
be one of the strongest and most durable stones, in my opinion, and, to judge by its weathering in outcrops, will be 
liable, only after a long exposure, to a reddish-brown discoloration. 

LiIMEsTONE.—The Lockport limestone has been used to a small extent in this city, unfortunately for buildings 
of importance, since it is a loosely compacted mass made up of fragments of shells, corals, etc., extremely liable to 
disintegration, apparently more from the action of frost than any other cause. To this stone may be applied the 
observations of Professor F. A. Abel on the fossiliferous bands in the stone of the island of Portland. (a) 

Though petrifactions were shown by the results of experiments to impart, in many instances, great additional strength to the stone 
they frequently give rise by their existence to cavities, sometimes of considerable size, which not only serve to weaken those particular 
portions of the stone, but may also, if they exist in proximity to exposed surfaces of a block of stone, promote its partial disintegration 
by the action of frost. 

The Lockport stone has evidently owed its rapid disintegration within ten years, wherever used in this city, 
in part to its careless mode of introduction into masonry. Thus, in the building of the Lenox library, at Seventieth 
street and Fifth avenue, about 40 per cent. of the material is set on edge, ¢. g., the alternate receding courses of the 
ashlar, trimmings of apertures, gate-posts, etc. Consequently it betrayed decay long before the completion, 
fragments falling out of the face of the stone from the arris of cornices and bands, ete. In the abundant trimmings 
of the same stone in the building of the Presbyterian hospital in the vicinity the same disintegration is displayed, 
the surfaces peeling off and filled with fine and deep crevices, and the upright posts, é. g., near the entrance archway 
or porte-cochére on the south side, in which the bedding-lamine stand on edge, are already seamed throughout 
with long cracks, which betoken their steady destruction. 

The oolitic stone from Ellettsville and Bedford, Indiana, shows an almost immediate and irregular discoloration, 
said to be produced by the exudation of oil. The oolite from Caen, France, has also been used in many buildings, 
and, unless protected by a coating of paint, has shown decay in several instances. Mr. G. Godwin, of London, has 
stated (Soc. of Arts, 1881), that ‘‘the Caen stone which was sent to this country (England) could not now be 
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depended on, and ought not to be used for external work”. The extensive decay of this, with other oolitic and 
magnesian limestones, in the walls of Westminster abbey, has recently caused great alarm, and will necessitate the 
renewal of its outer masonry at enormous expense. 
One of the most thorough investigations, in regard to the porosity of a series of American building stones, was 
made by Dr. T. S. Hunt in 1864, and with the following conclusion (Chemical and Geological Essays, p. 164): 


Other things being equal, it may probably be said that the value of a stone for building purposes is inversely as its porosity or 
absorbing power. From the results given on 39 specimens, the following may be here quoted as pertinent to stones used in New York 


city: 
No. of specimens. Absorption. Percentage. 
1;: Potsdam sandstone; hard and Avhitetese wer Ges ee tel aka as erelra ale oft ieee = Cee ee . 0.50 to 3.964 
9 MMedina, Sandstonesssisee sie toes ete Silt wre wae he Sera aye mere ate a ape tte ea le eet ee 3.31 to 4.04 
3. Ohio sandstone. id. 2sos ak woe we ee erence eels a ec ea en tea re 9.59 to 10.22 
3% Caen limestone iu ae ccce/aic cre ape ate ete ee em ee ace 8 ea i et at a ate 14.48 to 16.05 


Of course the proviso, ‘other things being equal,” covers a great deal of important ground, including the 
solvency of the material of a stone in the acidified rain-waters of a city. Some of the most impervious and non- 
absorbent readily decompose; while others, which are porous or even cellular, may afford an excellent resistance 
to decay. But judged in regard to both points, porosity and solvency, the Caen stone may be safely rejected 
hereafter as unfit for our climate. 

Other limestones, oolitic or fine granular, have been brought into use in small quantity, but remain as yet 
untested by the conditions of our climate. 

GRANITE.—As to granite, its tendency to decomposition, termed the “ maladie du granit” by Dolomieu, depends 
chiefly upon climatic conditions. These differ vastly, it is well known, in this region and in that of the great 
granite-builders, the Egyptians. The obelisk of Heliopolis has stood for three thousand years, and is still in good 
condition. So, too, the obelisk of Luxor had stood for forty centuries in Egypt without being perceptibly affected 
by that climate, but since its transport to Paris, in the reign of Louis Philippe, it is reported as the result of but 
forty years’ exposure— 


It is now full of small cracks, and blanched, and evidently will crumble into fragments before four centuries have passed. 


We have transported another obelisk, ‘“‘Cleopatra’s Needle”, from Egypt, and, in defiance of the still greater 
dangers incident to our severe climate, have erected it, covered with delicate carvings, upon a hillock in Central 
park, exposed to our blazing sun, pelting rain, and biting frost, often successively within twenty-four hours—a 
monument to the public ignorance in regard to the protection of even our prized possessions—that indifference of 
our community to the practical value of science which was exemplified through its officials by wantonly paving the 
walks of the same park with the fragments of the restoration casts of Saurians, after their construction for three years 
by Waterhouse Hawkins. Granite is also found in many other of our larger buildings, both public and private, 
but as few of these exceed forty or fifty years in age, and all contain the most durable varieties of that stone, the 
effects of weathering are only beginning to appear. The bluish variety from Quincy, Massachusetts, has been 
used in many buildings and rarely shows as yet many signs of decay. In the United States custom-house, on Wall 
street, most of the huge blocks appear laid ‘“‘on bed”, but, nevertheless, show some pitting in places, by the attack 
and partial removal of the larger grains of hornblende. In the church at Fourth street and Lafayette place, erected 
in 1830, a little exfoliation has been produced by street-dust on the faces of some steps. In the Astor house, at 
Barclay street and Broadway, no decay was observed. 

In the fine-grained granite from Concord, New Hampshire, employed in the building on the southeast corner of 
Twenty-third street and Sixth avenue, many of the blocks are set on edge, but the only change yet seen is that of 
discoloration by street-dust and iron oxide from the elevated railway. 

The light-colored and fine-grained granite of Hallowell, Maine, has been used for the construction of the city 
prison, the “Halls of Justice” or “Tombs”, in Center street. This stone consists of a white feldspar, which 
predominates, a grayish-white quartz, which is abundant, and a considerable quantity of a silvery white mica, 
thoroughly intermixed. The rock possesses several properties—fineness of grain, homogeneity of structure, and 
freedom from iron, as shown by the color of the feldspar—likely to render it durable; the only unfavorable 
conditions are the predominance of feldspar and the laminated structure. The rock is a granitoid gneiss, with 
lamination often clearly marked; these markings at once show to the eye that most of the blocks are set, not on 
bed, but irregularly on edge. 

The building is square and occupies an entire block. On a study of the weathering the south face was found to 
present an exfoliation to the depth of from one-eighth to one-quarter of an inch at many points, up to the very summit 
of the building, particularly on the sides of the pillars at the southeast entrance, on the ashlar near the southwest 
gate, under and over the cornice and string-pieces. In some places the stone was loosened or peeled off in sheets 
of the area of a square foot. The west front presents much exfoliation all over the surface, though always thin; it 
seems to begin chiefly along and near the joints. In places fragments have separated from the corners of the 
blocks. The north front exhibits very little exfoliation; so also the east front, in a few small scattered spots. 
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The exfoliation appears to be the result directly of the sun’s heat, exerted most intensely on the southern and 
westeru sides of the building. An examination of the disintegrated material shows but little decomposition; a little 
kaolin may be distinguished in films, but the bulk of the feldspar, the weakest constituent, remains with bright 
facets, without change in color or luster. It is by no.means characteristic of the “maladie du granit”, first described 
by Dolomieu and later studied by Dr. T. Sterry Hunt; but here the action seems to be mainly and simply a 
disintegration of the grains, initiated by expansion under the sun’s heat, during the summer, and developed by the 
expansion caused by frost during the winter. An architect of the city recently stated that he had built several 
large granite offices, and considered Quincy granite the most durable of all building material. He thought the 
weathering of granite would hardly amount to one thirty-second of an inch ina hundred years. According to that 
calculation many buildings might hope for a longer span than the thousand years spoken of by the professor. 

However, it is a well-known fact that the weathering of granite does not proceed by a merely superficial wear, 
which can be measured or limited by fractions of an inch, but by a deep insinuation along the lines of weakness, 
between grains, through cleavage-planes, and into latent fissures. Thus, long before the surface has become much 
corroded or removed, a deep disintegration has taken place, by which large fragments are ready for separation by 
frost from the edges and angles of a block. When directly exposed to the heat of the sun an additional agency 
of destruction is involved, and the stone is suddenly found ready to exfoliate, layer after layer, concentrically. As 
yet we have little to guide us in the estimation of durability in years, since the best known granite monuments are 
those which have been exposed to the exceptionally mild climate of Egypt; but even there some exfoliation has 
been noticed, e. g., on the inner walls of the so-called Temple of the Sphynx. 

In the cemeteries within the city and on Long island much granite is now used in slabs and monuments, but 
its introduction has been everywhere of too recent a date to afford any measure of its durability. Geikie remarks: 

Traces of decay in some of its feldspar crystals may be detected, yet in no case that I have seen is the decay of a polished granite 
surface sensibly apparent after exposure for fifteen or twenty years. Even the most durable granite will probably be far surpassed in 
permanence by the best of our siliceous sandstones. But as yet the data do not exist for making any satisfactory comparison between 
them. 

GNEISS.—The oldest building in this city in which this material has been used appears to be that of Saint 
Matthew’s Lutheran church, on the northeast corner of Broome and Elizabeth streets, erected in 1841. The stone 
is the micaceous gneiss, in part hornblendic, from excavations on the island, with trimmings, string-pieces, etc., of 
brownstone, the latter, as usual, being in a state of decay. On the west front the gneiss is in excellent condition, 
occurring in small blocks, mostly laid on the bedding plane. In the south front many of the quoins are set on edge 
and are much decayed along the joints, sometimes with splitting or exfoliation, fracture of corners, and irregular 
chipping out of the surface to the depth of one-half to one inch below the level of the projecting cement joints. 

SERPENTINE.—This rock has been of limited application as a building material, but the evidence thus far is 
not in favor of its durability ina city. For example, the serpentine of West Galway, Ireland, called ‘* Connemara 
marble”, has been used both externally and internally in the new museum of Trinity college, Dublin, but ‘‘does not 
withstand the influence of asmoky or gaseous atmosphere”. ‘Small tablets let into the outside wall of the museum 
have become tarnished within the space of ten years”. In Hoboken this stone has been used to some extent for 
unimportant masonry, and shows in places discoloration and disintegration. 

Other stones which may prove to be more durable, and as yet rarely exfoliate, have already, however, become 
more or less disfigured by discoloration. In the Nova Scotia and Ohio sandstones this is universally seen in black 
films, streaks, and blotches, of which both the cause and the means of removal are but little understood. The 
marbles used for house fronts also soon assume a dirty yellow hue. This is sometimes produced by the exudation 
of salts of iron, as in the walls of the new court-house ; sometimes by the adherence of smoke and street-dust. It 
has been removed by occasional scraping of the whole surface of the building, as has already been done on the old 
court-house, the new cathedral at Fiftieth street, ete. 


2.—EXTERNAL AGENCIES OF DESTRUCTION. 


The external agencies which slowly but insidiously and steadily accomplish the disintegration.and destruction 
of our building stones are of three classes, chemical, mechanical, and organic. 


A. CHEMICAL AGENCIES. 


These chiefly consist of acids which attack and dissolve every constituent of stone except quartz, but, with 
particular rapidity, any stone into which carbonates enter as chief constituents or as cementing materials. Thus 
the abundant solution of lime from the stone as well as the mortar of one of our marble buildings may be shown 
by catching some of the rain-water which trickles down its sides, and adding a few drops of ammonium oxalate, 
the solution becoming clouded by a milky-white precipitate of calcium oxalate. The following may be enumerated : 

SULPHUR ACIDS, 4. ¢., SULPHUROUS AND SULPHURIC AcIDS.—Of these Dr. Angus Smith found in the rain 
of Manchester from 1.4 to 5.6 grains per gallon. The gases are daily absorbed into the atmosphere of a large ity 
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from the consumption of illuminating gas, coal, and all kinds of fuel, the decomposition and oxidation of refuse 
organic matter and sewer-gas, the residuary gases belched forth from the chimneys of dye works, chemical works, 
and numerous other manufactories, ete. 

As coal seldom contains less than one-half per cent. of sulphur, and frequently one per cent. or more, every ton of coal when 
burned produces from 30 to 60 pounds of oil of vitriol. When one considers the enormous quantities of coal that are consumed in cities, and 
the correspondingly great quantities of this corrosive agent that are thus disseminated in the atmosphere, we would naturally expect 
to find appreciable evidence of its effects on building stones. (a) 

These effects are likely to be most marked in a large eity like London or New York, and on certain stones, 
e. g., the earthy or oolitic limestones and marbles. In London they are revealed in the magnesian sulphate, which 
imparts a bitter taste, and even forms an efflorescent crust of white crystals upon the disintegrated portions of 
the Portland stone, and in the calcium sulphate, amounting to 3.4 to 4.6 per cent. in the decayed crust of the Caen 
stone. (b). Little limestone has yet been introduced into New York, and the durability of a variety in a village or 
small town elsewhere gives no measure of its fitness to resist the corrosive agencies in the atmosphere of our cities. 

CARBONIC ACID.—This is a universal product of combustion, but is indeed derived from all the sources above 
mentioned, as well as from the respiration of millions of men and animals. Dr. Smith found the air of Manchester 
to contain 0.04 to 0.08 per cent. of carbonic acid, while that of the highlands of Scotland contained but 0.03 per 
cent. The researches of Daubrée, T. S. Hunt, and others, have shown the active action which this gas exerts in the 
corrosion of the feldspar of granites. 

NITRIC ACID.—Traces of this acid have been commonly found in the atmosphere and falling rain, but most 
perceptibly during and after thunder storms. It has been suggested that “every flash of lightning not only 
generates nitric acid—which, in solution in the rain, acts on the marble—but also, by its inductive effects at a 
distance, produces chemical changes along the moist wall, which are at the present time beyond our means of 
estimating. (¢) 

So far as its formation is due to electrical agency, it probably increases during the summer; but it is also one 
of the products of oxidation of the gases arising from the decomposition of organic matter, ammonia, and nitrates, 
and from our numerous gas works. 

HYDROCHLORIC ACID.—This corrosive agent Dr. Angus Smith found in the rain of Manchester, to the amount of 
1.25 grains per gallon. It is derived from the fumes of bleaching works, chemical works, potteries, and many 
factories, and from vicinity to the sea. 

CARBOLIC, HIPPURIC, AND MANY OTHER ORGANIC ACIDS derived from smoke, street-dust, sewer-vapors, etc., 
have not been hitherto recognized, but, in my opinion, are among the most constant and efficient agencies in the 
corrosion of the building stones of a city. Whether they are present in the atmosphere and falling rain is still a 
matter of conjecture, though I think it probable; but no series of analyses has yet been made to determine the 
exact constitution of the air and rain-water in our cities. However, there can be no doubt of their presence, 
possibly in the smoke and unconsumed carbon which attach themselves to our rougher stones (freestones, marbles, 
ete.), certainly in the street-dust, chiefly ground-up horse manure, which is blown against our buildings and remains 
attached to their surfaces, often to a considerable height above the street level. That the corrosion thus resulting 
is due not merely to mechanical friction, but mainly to chemical action, is shown by the fact that it is sometimes 
most active on a surface which is sheltered from the rain, and to which the crust of dust can adhere more 
persistently. For example, I have noticed that the vertical faces of the steps of Quincy granite beneath the 
portico of the church on the northwest corner of Fourth street and Lafayette place, perfectly sheltered from the 
rain, and but little exposed to the wind, have been sometimes covered with a film of street-dust beneath which 
the smooth-dressed surface of the granite is deeply corroded, peeling off to the touch of one’s fingers in flakes from 
2 to 5 millimeters in thickness. As to the foundations of buildings, these are exposed to the quiet action of the 
vegetable acids derived from the decomposition of plants and of the humus of the soil. 

OxyGEN.—This constituent of the atmosphere, especially in its more active form, ozone, attacks the sulphides 
(e. g., the pyrite in the Vermont roofing slates and in the marble of Lee, Massachusetts, ete.), and, more slowly, 
the ferrous silicates in certain minerals (e. g., the chlorite, biotite, hornblende, augite, etc.,in our granites, gneisses, 
traps, etc.). The resulting oxygenation and hydration may be expected to produce expansion and a tendency to 
loosening of the constituents of a stone. 

AMMONIA is another product of animal life and decomposition, the fumes of factories, and atmospheric reactions, 
whose existence in the air and rain-water has been proved, and which must do its part in the disintegration of 
stone. 

COMMON SALT (sodium chloride) is constantly present in the atmosphere along the Sea-board, and must affect 
the solubility of the cement of porous sandstones, etc. An English observer, however, considers that sea air is 
not injurious to stone, instancing Sandysfoot castle, near Weymouth, of which the stone is in perfect condition, 
although erected on the sea-shore and constantly washed by the spray since the time of Henry VIII. A comparison 
of the forms of decay of stone observed in the cemeteries within this city and in those nearer the ocean, e. g., at 
New Utrecht, yielded no evidence of any results, attributable to this agency, in greater action at the latter locality. 


a C. H. Porter; Paper on Building Stones, p. 24. Albany, 1868. e U. 8. Commission,1851. 
b J. Spiller, Rep. Brit. Assoc. Adv. Sci., 1867. 








NEW YORK CITY AND VICINITY. 373 


B. MECHANICAL AGENCIES. 


Some of these are probably, in our climate and conditions, the most efficient of all in the wear and disintegration 
of our building stones. 

Frost.—The action of severe frost on stone must be usually one of the main causes of its rapid decay. Two 
elements are involved—the friability of the material and its power of absorption of moisture. The action may be 
expected to be most active where a material is repeatedly saturated with moisture, rain-water, or water derived 
from the thawing of snow and ice, and alternately frozen and thawed. The violence of the force resulting from 
the congelation of water within the pores of a stone may be understood from a recent estimate, that the effect 
produced by the freezing in a closed vessel, as it takes place very suddenly, resembles the blow of a hammer of 12 
tons weight upon every square inch. However, the disintegration of our brownstones cannot be attributed entirely 
or mainly to this powerful agency, since the same decay is in progress in southern sea-ports where this brownstone 
has been used as a building stone; and I have been consulted by a correspondent at New Orleans in regard to the 
best means to arrest this decay in brownstone fronts there. 

On other stones, e. g., marble, this force may exert a very slow action; the experiments of Professor Joseph 
Henry and the calculations of Captain (now General) M. C. Meigs have shown the depth of exfoliation, after fifty 
alternations of freezing and thawing by artificial means, to amount to very nearly the ten-thousandth part of an 
inch. (a) 

VARIATIONS IN TEMPERATURE.—The constant variations of temperature from day to day, and even from hour to hour, give rise to 
molecular motions which must affect the durability of the material of a building. Recent observations on the pendulum have shown that 


the Bunker Hill monument at Boston is scarcely for a moment in a state of rest, but is constantly warping and bending under the influence 
of the varying temperature of its different sides. (b) 


The climate of New York must be far more trying than that of England, as the temperature may vary 120° or 
more in a single year, and even 70° in a single day, with many repetitions of similar extremes during the spring 
and fall, and sometimes during the winter months. The intensity of the direct rays of the sun, particularly in 
summer, and the frequent passing showers of cool rain-water falling upon the heated surfaces, are important 
elements in the attack upon the building stones. 

The experiments of Colonel Totten, reported by Lieutenant William H.C. Bartlett in 1832, on the expansion and 
contraction of building stones by variations of temperature, yielded the following results, for the linear expansion, 
in fractions of an inch, of one inch of stone for 1° of Fahr.: , 


PPeHUAro DO WACCIMIREUZEAC © DB fie = cis o cca nee nian Semen ewes pepe ene sin wes cgi sane ene Sie ean 's tit emnk,« 0. 000004825 
Marble, Sing Sing, New York ..-- 2-2. --- 22-22 2 see ne se ew ee ose oa wegen een eee ee we oe 0. 000005668 
Sandstone, Chatham, Connecticut......---..--. .--------- ---+s--e tare Senatarercete up ter iane a avcetle. a wie e saan 0. 000009532 


To apply these results to the case in question, let us suppose two coping stones, of 5 running feet each, to be laid in midsummer, 
when they have a temperature of 96° Fahr.; in winter their temperature may safely be assumed at zero, so that the total variation of 
temperature will be 96°. 

The distance by which the ends of the stones would be separated would amount, for granite, to 0.027792 inch, giving a crack a 
little wider than the thickness of common pasteboard. For marble, this crack would have a width of 0.03264, nearly twice the thickness 
of common pasteboard; and for sandstone 0.054914, nearly three times the thickness of pasteboard. These cracks are not only distinctly 
visible, but they allow water to pass freely into the heart of the wall. The mischief does not stop here: by this constant motion, back 
and forth, in the coping, the cement, of whatever kind the joints might be made, would be crushed to powder, and in a short time be 
totally washed by the rains from its place, leaving the whole joint open. 


Winn.—A gentle breeze dries out the moisture of a building stone and tends to preserve it, but a violent wind 
wears it away by dashing sand-grains, street-dust, ice particles, etc., against the face. The extreme of such action 
is illustrated by the vast erosion of the sandstones in the plateaus of Colorado, Arizona, etc., into tabular mesas, 
isolated pillars, and grotesquely-shaped hills, by the erosive force of sand-grains borne by the winds; in the 
window-panes of houses on Nantucket island, converted into ground-glass by flying sand; and in the artificial 
process of manufacture by the “‘sand-blast”, carried on in our cities. A violent wind also forces the rain-water, 
with all the erosive acids it conveys, into the pores of stones, carries off the loosened grains from the surface, and so 
keeps fresh surfaces of stone exposed. 

In this climate, buildings are most attacked by weathering agents on their north, northeast, and east fronts 
(the very reverse of the conditions prevailing in Great Britain), and, in this view, it is of course important to select 
stone of the greatest durability for the fronts into which the prevailing wind thus drives the rain, i. ¢., those on 
the west sides of the avenues and the south sides of the cross-streets in New York city. 

Again, the swaying of tall edifices by the wind, whose amount can only be appreciated by ascent of our church 
spires during a gale, must cause a continual motion, not only in the joints between the blocks, but among the grains 
of the stones themselves. Many of these have a certain degree of flexibility, it is true, and yet the play of the 
grains must gradually increase and a tendency to disintegration result. 

Rarn.—The attack of rain on building stones depends upon its solvent action, partly due to the solvent agencies 
before mentioned, which it conveys, and upon its mechanical effect in the wear of pattering drops and streams 





a Joseph Henry, On the Mode of Testing Building Material. b United States Commission, 1851. 
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trickling down the face of a building. In’dry weather a stone is therefore less attacked, chiefly because the 
destructive acids cannot penetrate so deeply. The proportion of rainy days, and above all of frequent alternations 
of dry and rainy days, in any climate must exert a great influence on the durability of stone. 

Professor Hull states : 

In India, ancient temples formed of laterite—a modern deposit of gravel cemented by lime—are still in perfect preservation. 
Such examples, and many more which might be produced, all go to prove that even in regions subjected to very heavy periodical rains, 
provided the air be pure and free from acids, buildings of even friable and calcareous materials are capable of withstanding atmospheric 
disintegration for a lengthened period. Rains which fall at long intervals, though with tropical violence, do not act so injuriously on 
stone structures as those lessv iolent but more frequent. (a) 

ORYSTALLIZATION BY EFFLORESCENCE.—This effect, too, must largely depend upon the climatic conditions— 
alternations of dryness and moisture—to which reference has just been made. Examples of efflorescence of various 
salts, sulphates of magnesium, sodium, etc., are by no means uncommon in New York city and vicinity, though 
more frequently on brick than stone, walls covered with snow-white powdery coatings having been observed in 
basements of stores in South street, in cellars of residences in West Fifty-second street, etc. The expansion 
produced by such an exuding crust is likely, slowly but surely, to disintegrate and loosen scales and flakes from 
the surface of stone. 

In an important investigation of this subject by Mr. Wenworth L, Scott, of London, the following results were 
obtained : (dD) 

Thirty-seven specimens of salt, collected from the surface of various building materials, were determined as 
follows: 

Thirty-one, sulphate of sodium (and traces of other salts). 

Three, mainly sulphate of sodium, and of magnesium and aluminium. 

Two, mainly sulphate of sodium, with various phosphates and nitrates of sodium and calcium (never over 18 
per cent. of the whole). 

One, sulphates of sodium and potassium, with small amount of nitrates, and much sodium chloride. 


With regard to the preventive means, * * * I cannot help denouncing the-too free use of resinous, ofeaginous, or tarry matters, 


as my own experiments have shown me that, in the event of fire, the walls of a building treated with such substances would inflame the 
moment their temperature was raised to about 200°. 

He suggests the prevention of upward percolation of moisture by a seam of asphalt, laid on every wall when 
2 to 4 feet from ground, as used in St. James’ hall, etc., London. He has cured the efflorescence of sulphate of 
sodium or magnesium by application of a weak solution of barium chloride. 

Sulphate of ammonium has not an injurious effect until it meets with substances capable of converting it into 
the sodium salt. 

Sulphurous acid or sulphite of ammonium exerts no harmful effect, but rather a preservative influence, occurring 
in too small quantity to produce efflorescence. The process of osmosis in building materials has been greatly 
exaggerated, and is probably very slow. It is important that mortars should be: carefully chosen, that they may 
not contain efflorescent salts. 

PRESSURE.—A large number of experiments have been carried on to determine the crushing weight of building 
stones, and the strength thereby indicated. However, 

It is generally laid down that the compression to which a stone should be subjected in a structure should not exceed one-tenth of 
the crushing weight as found by experiment. Practically, however, the compression that comes upon a stone in any ordinary building is 
never sufficient to cause any danger of crushing. * * * The working stress allowed in practice upon ashlar blocks should not exceed 
one-twentieth of the crushing weight. (c) 

Nevertheless it may be expected that when an ashlar block has become weakened by weathering, the rapidity . 
of its disintegration and decay may be hastened by the superincumbent pressure, especially if unequally applied 
by the settling of the foundations. 

FRICTION.—This agency of wear most commonly affects pavements, sidewalks, stoops, the facing of piers, ete. 
It may be derived from the impact of human feet, of wheels, or of the hoofs of animals; the handling of freight; the 
removal of dirt, snow, and ice; the flow of tidal currents; the blows of the waves of the bay and river, ete. 

FirE.—The fierce trials to which building materials of all kinds have been subjected, in the great fires in 
Chicago and in Boston, during the last decade, have shown that there are none, not even brick, which can withstand, - 
inthe form of thin walls, without warping or utter destruction, the tempest of flame evolved from the great magazines 
of combustibles gathered on every side in an American city. 

It is a remarkable instance of the prevailing ignorance on this subject that there exist many varieties of 
sandstone (e. g., the buff freestone from Amherst, Ohio, ete.), graywacke, and perhaps other rocks, which possess a 
fire-proof character that enables them to resist a white heat, as the linings and hearths of iron-furnaces, and which 
would seem to specially fit them for the ashlar of buildings desired to be fire-proof, or at least the window-sills, ete., 
of business buildings, storage houses, etc. It must be considered, however, that experiments are highly desirable to 








a Building and Ornamental Stones, p. 312. 
b On Salification, etc., Jour. Soc. Arts, 1860, Vol. IX, p. 274. 
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determine the character of resistance of these and other stones, not only to the lateral application of flames or 
radiation of intense heat, when exposed in a building with a backing of brick, but also to the alternations, rapid 
and violent, of sudden expansion and contraction, produced by the sudden application of cold water from the streams 
of fire-engines upon the heated masonry. So far as present observations have gone, however, in regard to such 
sandstones, I see no necessity to reject the abundant materials supplied by nature, and will present additional reasons 
on a later page. 

C. ORGANIC AGENCIES. 

These are of a vegetable nature, in their attack upon the materials of building construction on land, and of 
animal nature in regard to the erosion of submarine walls. 

VEGETABLE GROWTHS.—In regard to the influence of lichens on the durability of stone, very opposite views 
are held. On the one hand, it is acknowledged that, in the case of marbles and limestones, some lichens exercise 
a decidedly corrosive action, and Professor J. C. Draper, in a paper on the decay of stone and brick in New York 
city, maintains that the same “ minute lichen, Lepra antiquitatis, grows with remarkable freedom on such hygroscopic 
rocks as the sandstones, as any one may satisfy himself on examining the houses on the cross, or east and west, 
streets of our city”. (a) 

So far as my observation has gone, lichens are markedly absent from the decayed stone-work of this city, and 
it is probable that the reference applies to some other form of vegetation. Thus they never occur in the church- 
yards of Trinity church and Saint Paul’s chapel, though found abundantly in those of New Utrecht and Flatbush ; 
e. g., three species were distinguished upon a single tombstone (Rutgert Denyse, 1795) at New Utrecht. On their 
removal, the surface of the stone beneath is not found corroded, but only retains a fresh color. 

In a report on the selection of the oolitic limestone used in the houses of parliament in London, the subject 
has been thus discussed by one of the commissioners: 


A question has frequently been raised with reference to the effect of vegetation un the surface of stone-work. By attentively 
examining the magnesian limestone buildings of this part of the country, it would appear that lichens exercise a sort of pernicious 
influence. At Bolsover castle, the keep of which seems to be constructed with magnesian limestone, similar to that of Steetley, wherever 
lichens have vegetated on the exterior of that edifice, decomposition has certainly taken place; and where they were then growing, upon 
removing them, we found that the surface of the stone, for about one-sixteenth of an inch in thickness, was reduced to a state of white 
powder. In such instances the lichen seems to possess some inherent power of chemically acting upon the stone; but whether the plant 
appropriates only the carbon to its own use and leaves the lime and magnesia, or whether it takes up the carbonate of lime and rejects 
the carbonate of magnesia, is a question of great interest, although it has not yet been investigated by a scientific observer. (b) 

The opposite view, advocating their beneficial influence, is represented in the following quotations: 

Lichens are in many cases a protection from the weather, and tend to increase the durability of the stone. (c) 

In the report on the selection of stone for the houses of parliament it is stated: 


Buildings situated in the country appear to possess a great advantage over those in populous and smoky towns, owing to lichens, 
with which they almost invariably become covered in such situations, and which, when firmly established over their entire surface, seem 
to exercise a protective influence against the ordinary causes of decomposition of the stone upon which they grow. 

Many blocks of stone quarried at the time of the erection of St. Paul’s, in London, but left in the quarries, and 
now covered by lichens, still retain their sharp edges and tool eee beneath fie lichens, while those on the 
exposed fronts of the cathedral are now moldering away. 

The sandstone of Tintern abbey (thirteenth century), in part laminated, is covered with gray and green lichens, 
and is, for the most part, in perfect condition. In Tisbury church (thirteenth and fourteenth centuries) the ashlar, 
constructed of calciferous limestone, is, where undecomposed, covered with lichens. 

-The exact action of the lichens needs investigation, and will doubtless be found to differ widely according to 
the species and the material on which they grow. Few of our buildings in this district are sufficiently old to 
present much growth of this kind. 

There is another vegetable growth, however, that of the conferva, of which no notice seems to have been taken, 
but which flourish in damp weather all the year round, in New York and vicinity, upon shaded surfaces of our 
freestones, often coloring the vertical faces of the steps and the sides of stoops, and the lower portion of the ashlar, 
near the ground-line, and under the shadow of heavy copings and cornices, especially on the north shaded fronts 
of the houses on the south sides of the streets. Upon brownstone their eroding influence is shown in the common 
roughening of the dressed surfaces. Upon the Nova Scotia or Dorchester stone their action is apparently still 
more active, as shown in abundant instances on the walls and carved work throughout Central park, e. g., the 
pillars of Albert quarry stone at the head of the steps at the end of the mall, where shaded surfaces are alternately 
seen colored green with confervw, and again bare and crumbling, at different seasons of the year, and have needed 
frequent redressing. It may also be remarked that the heavy growth of vines trained up over the fronts of houses, 
sometimes seen in this city, would be apt to favor such growths and the decay of soft freestones. 

The well-known destructive agency of the roots of grasses and higher plants on the durability of masonry is 
fortunately not a danger to be considered in our American cities. 





a The Manufacturer and Builder, 1872, IV, 170. 
b C. H. Smith: Lithology, or Observations on Stone used for Building, p. 20. 1840. 
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BORING MOLLUSKS, SPONGES, ETC.—The serious danger of the attack of these forms of animal life may be 
illustrated by the following example: 

A limestone from Creston, near Plymouth, England, was originally employed in the construction of the Plymouth breakwater, but 
the boring mollusks (Pholas dactylus) so perforated the stone, between high and low water, that it was thought necessary to replace the 
blocks by granite. (a) 

Little masonry is yet exposed in our bay and along our river fronts to the attack of these enemies; but the 
cargoes of Italian marble sunk off the harbor, which have been found thoroughly perforated and honey-combed by 
such agency, ¢. g., that of a steamer sunk in 1871, and the similar erosion of the gneiss of Westchester county, 
along the sound, by marine sponges, as pointed out by Mr. J. D. Hyatt, of the New York Microscopical Society, 
indicate the dangers which may be in store for the bases of the piers of the New York and Brooklyn bridge, and 
for the masonry which will be hereafter introduced into our piers and docks. Birds also serve as destructive 
agencies; the sparrows and other small birds by their droppings deposited in abundance on cornices and projecting 
moldings, and the pigeons, as in the London Exchange building, by pecking away the cement between the blocks 
of masonry. 


3.—INTERNAL ELEMENTS OF DURABILITY. 


The durability of a building stone depends upon three conditions, the chemical and mineralogical nature of its 
constituents, its physical structure, and the character and position of its exposed surfaces. 


A. CHEMICAL COMPOSITION. 


In this view the following conditions need consideration : 

SoLUBILITY.—The presence of calcium carbonate, as in the more calcareous forms of our Westchester dolomitic 
marbles, and in the earthy limestones (e. g., that from Indiana recently introduced), is likely to render such materials 
liable to rapid attack by acid vapors. On the other hand, in England pure dolomite is considered extremely durable 
as a building stone, as is shown, for example, in the Norman part of the Southwell church, in Yorkshire. 

The hydrated form of ferric oxide which acts as the cement in all the Triassic sandstones (e. g., the brownstone 
of New Jersey and Connecticut) is far more soluble, and so may be more easily removed, to the injury of the stone, 
than the anhydrous or less hydrated ferric oxide predominating in the cement of our Potsdam sandstone and many 
foreign sandstones, which seem likely on that account to be better resistants to disintegration. The sandstones 
whose cement is siliceous (e¢. g., the Craigleith stone of Great Britain, and some varieties, almost quartzitic, of our 
own Potsdam sandstone in this state) are likely to be the most durable, and hereafter the most sought for, where 
durability is appreciated, in spite of their difficulty in working and dressing. 

TENDENCY TO OXIDATION, HYDRATION, AND DECOMPOSITION.—In the case of a roofing slate, the presence 
of a sulphide (e. g., marcasite, more Abatapaby than pyrite) is likely to be very injurious; in a granite or marble 
(e. g., the marble of Lee, Massachusetts, in the new court-house, New York city) the results may be confined to the 
discoloration and less objectionable. Nevertheless there are abundant instances, which yet need investigation, in 
which the pyrite occurs in a highly-crystalline condition, even in roofing slates, by which it has been enabled to 
resist decomposition during centuries. If the pyrite is uniformly and minutely distributed in small quantity, its. 
presence may be evep advantageous; thus, the marbles of Berkshire county, Massachusetts, when first cut, are cold 
gray, but by long weathering acquire a tint of exquisite warmth and transparency. (a) 

The biotite in many of our granites seems peculiarly liable to decomposition, and apparently to the weakening 
of the surrounding stone. The brown freestones of New Jersey and Connecticut contain everywhere minute scales 
of biotite, though in much less proportion than that of muscovite, and the freestones of New Brunswick contain 
similar scales of a chlorite; both minerals in a state of decomposition more or less advanced. 

The orthoclase, which largely enters into the composition of the Triassic and the Carboniferous sandstones, and 
of all the granites in this market, is the feldspar of most ready decomposition. Itis found, on microscopic examination 
of a brownstone or granite, in various stages of alteration, from a mere dimming of its cleavage planes to a cloudy 
or opaque mass of the usual structure, and finally to a siliceous shelly network, with its interstices filled with iron 
oxide. In this condition the mineral has lost all its strength and ability to resist either pressure or atmospheric 
attack, and a stone in which it prevails must have reached the last degree of disintegration and decay. 

The albite, oligoclase, and other feldspars are much better resistants to decomposition, and their abundance in 
granite or sandstone may be an important element in their durability. 

INCLOSURE OF FLUIDS AND MOISTURE.—The thorough drying of a stone before, and the preservation of this 
dryness after, its insertion into masonry are commonly recognized as important adjuncts to its durability. But the 
exact nature of the process of seasoning, and of the composition of the “ quarry-sap” thus removed by thorough 
drying, have never been investigated. The “quarry-water” may contain little else than ordinary well-water, or may 
be a solution more or less nearly saturated, at the ordinary temperature, with carbonate of calcium, silica, double 
salts of calciur: and magnesium, ete.; in the latter case, hardening results by the drying and an exact knowledge 
of its nature might throw important light on the best means for the artificial preservation of stone. 





a Gwilt’s Encyc. Arch., p. 492. a Am. Arch. and Building News, 1#81, X, 13, 17. 


NEW YORK CITY AND VICINITY. 377 


Again, water may exist in large quantity in chemical combination in the silicates (e. g., chlorite, kaolin, ete.), or 
in the hydrated iron oxides which constitute the cement of a building stone. Many hydrates of ferric oxide are: 
known to exist, and of these a considerable number occur in nature, in concentrated form, as ores. 

We do not yet know how these or other hydrates of ferric oxide are isolated or mixed in their distribution 
through the brown sandstones. I have elsewhere (a) pointed out the probability that, to a large extent, the red 
cement of the sandstones of most recent or Tertiary age may be probably referred to limonite or limnite, e. g., those 
found in eastern New Jersey and to the southward along the Atlantic and Gulf sandy plateau; that of the 
sandstones of the Mesozoic period to turgite and limonite (possibly in part géthite?), e. g., the brownstones of New 
Jersey and Connecticut; and that of the bright red sandstones of the Carboniferous and older rocks to anhydrous 
ferric oxide, e. g., the red freestones of New Brunswick and of Scotland, the red sandstones of Potsdam, New York, 
etc. However, these distinctions cannot be drawn sharply, and the subject awaits investigation. Changes in the 
degree of hydration are constantly going on in stones of this character, and the absorption of water may exert a 
force for expansion and disruption. In regard to the vast amount of water feebly locked up in combinations such 
as these, the query has been recently offered : 

We venture to suggest, as a subject for careful chemical analysis how far the existence of water or the elements of water, not as 


moisture, but as chemically combined with lime, magnesia, or other elements in a stone, may render it susceptible to the attacks of 
frost. (b) 


The more recent results of microscopic lithology have also established the fact that certain minerals, especially 
the quartz, in very many of our most common building stones abound in small cavities partly or wholly filled with 
fluids, viz, water, brine, and liquid carbon dioxide. These cavities vary in size from microscopic minuteness up to a 
diameter of several millimeters, and are often very abundant, so that a fragment of quartz clouded by them may 
explode on the application of heat. The varieties of our building stones in which they are known to particularly 
abound are the following: Brownstone—New Jersey and Connecticut; freestone—Dorchester, New Brunswick ; 
biotitic gneiss and fibrolitic gneiss—New York island and Westchester county; granite—Quincy, Massachusetts, 
Clark’s island, Maine, Mount Beatty, Connecticut, Fitzwilliam, New Hampshire, Saint Lawrence county, New 
York, ete. 

The question of the influence of these cavities on the durability of the rock, when exposed to frost or to the 
intense heat of the summer sun or to fire, is one that yet awaits investigation. The violent explosions which attend 
the exposure of granites to fire, as illustrated in the great fires of Chicago and Boston, may imply some connection, 
in part, with the sudden expansion and rupture of such inclosed fluid cavities; while the similar action of frost 
seems to be suggested by the interesting paper of Mr. W. E. Hidden on the fracture of quartz with liquid cavities. 
in North Carolina. (c) 


B. PHYSICAL STRUCTURE. 


This varies widely in the crystalline and sedimentary rocks; but three conditions, common to both, will be first. 
discussed, then two confined to the former class, and finally two confined to the latter. 

SIZE, FORM, AND POSITION OF THE CONSTITUENT MINERALS.—It has been established that the resistance to 
compression—and it may be supposed in some degree the durability—of a finely-granular rock exceeds that of a 
coarsely-crystallized variety of the same. Dr. J. S. Newberry has also pointed out that “ mica is soft and fissile, and 
hence is an element of weaknesss. Where it exists in any considerable quantity the stone is easily crushed and 
unfit for use”. 

The scales of mica in a laminated sandstone, e. g., the common micaceous variety of brownstone, lie largely in’ 
the plane of lamination, and diminish the strength of the rock when pressure is applied in the direction of the latter 
plane, e.g., on edge, on account of the feeble adherence between their surfaces and the rock in contact. So also- 
when used as ashlar, the expansion caused by frost tends to produce the first separation along those planes. 

However, both in a granite and in a freestone, it is probable that a moderate amount of mica—much more an 
abundance of a tough and fibrous mineral, like hornblende, augite, fibrolite, ete.—may serve as an excellent binding: 
material, like hair in mortar, and add to the strength of the rock, if uniformly mixed, with little or no parallelism 
of planes. Peculiarities of crystallization in crystalline rocks or of arrangement of tabular flakes of minerals 
in sedimentary rocks may also produce a coincidence in the position of planes of stronger cleavage, e. g., of feldspar 
in granites or in feldspathic sandstones, which will diminish both the strength and durability of a rock. The 
disintegration of the freestones of the Triassic age is favored by both these conditions—abundance of mica and 
paraliel position of feldspar plates. 

Porosity.—Bischoff has thrown much light on the percolation of water through the interstices and fissures 
of rocks. Even in the densest crystalline rocks, as trap and basalt, spots of moisture can be discovered on freshly 
fractured surfaces, generally connected with minute fissures. In the loosely-cemented material of the freestones the 
percolation must be far more free. 


a On the Geological Action of the Humus Acids, Proc. Am. Ass. Adv. Sci., 1878. 
b The Builder, 1882. 
e Trans. N. Y. Acad. Sci., I, 1882. 
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The excessive porosity of a building stone thickens the layer of decomposition which can be reached by the 
acids of the atmosphere and of the rain, and also deepens the entrance of the frost and its work of disintegration. 
This is illustrated, in the case of brownstone, in numberless instances throughout New York city, in the sills and 
lintels of windows, the projecting string-courses of stone in brick buildings, the steps of stoops and sills of doors, 
etc., with their edges rounded, their material pitted, honey-combed, fretted, and furrowed by the ridges of projecting 
or eroded lamin, or the whole mass of the stone worn away funk with the front of the house, é. g., in the older 
brownstone houses of the district styled ‘‘Greenwich village”, in the Eighth ward, and in the old streets on 
the east side of the city. Even, too, in houses less than ten years old, the flat seainies of the porticos, surfaces 
which appear to be perfectly sheltered from the weather, are peeling away into successively-loosened layers, 
é. g., in the houses on the west side of Fifth avenue, between Forty-sixth and Fiftieth streets. In all these cases 
we plainly see the effect both of rain, and, above all, of water, derived from the thawing of the snow which is caught 
and rests upon the projecting ledge of stone, soaking down into the spongy mass below during the day, and again 
partially thrust out by the expansion of freezing during the night. With a light-colored stone an unusual and 
undesirable power of absorption is often indicated by its discoloration in streaks and circular patches. Several 
kinds of discoloration may be distinguished, all more or less dependent on the absorptive character of the stone. 
The one consists of a white calcareous efflorescence, very common in new masonry, in blotches spreading around 
the joints, and doubtless derived by permeation of the stone with solutions of calcium carbonate from the fresh 
mortar or cement. It appears to be usually of a temporary character, disappearing after a few years. This is 
sometimes seen in brownstone, but more frequently in the Ohio and the New Brunswick freestones; e¢. g., in the fronts 
and stoops of most of the houses first built of that stone in Madison avenue above Fifty-fourth street, etc. Another 
form of discoloration is due merely to the street-dust and soot which are deposited upon the projections of a stone 
front. It results in long gray or blackish streaks, running down the front at either end of the window-sills and from 
below the line of projecting bands and cornices, and as a general blackish-gray discoloration of the surfaces of 
sheltered moldings of apertures, the pediments of porticos, ete. 

The earlier stages of this discoloration may be easily studied in numerous instances among the older buildings 
constructed of light-colored freestone, e. g.,in the houses on the northwest corner of Sixth avenue and Twenty-ninth 
street, and between Thirty-seventh and Thirty-eighth streets, and in the building on southeast corner of Christopher 
street and Greenwich avenue, etc.; the sloping window-sills of the orphan asylum at Fifth avenue and Fifty-first 
street are thus blackened, while the vertical faces of the same stone in the facade are washed clean and uncolored. 

A similar discoloration affects most of the varieties of white marble used in our city, e. g., in several buildings 
on the north side of Murray street, between Church street and West Broadway; in the new court-house on Chambers 
street; the cornices, sills, and seams of the rusticated stone-work of the Union Dime Savings bank, at Sixth avenue 
and Thirty-second street. 

Another form of discoloration, commonly associated with the preceding in the same light-colored freestones, 
presents black stains and streaks, whose material has not yet been identified, but apparently consists of manganese- 
oxide, probably derived from the decomposition of the feldspar and chlorite in the rock. This is of a more permanent 
and objectionable character, increasing both in extent and depth of color with the age of the masonry. IJts progress is 
most rapid on stone surfaces exposed to the prevailing winds and rains, i. e., the northeast. An illustration of this 
appears in the church on the corner of Fifty-seventh street and Madison avenue, whose faces fronting the south 
and west are entirely free from discoloration, while the spire, freely exposed above, is beginning to be tinted all 
around and from top to bottom. 

Other forms of discoloration are shown in yellowish stains on the light freestones, certainly due to iron, and in 
films of confervous growth, which are green during rainy and damp weather, and become blackish-gray when dry. 

HARDNESS AND TOUGHNESS.—Resistance to weathering does not necessarily depend upon hardness, since some 
soft rocks of peculiar composition (e. g., some steatites, chlorite schists, ete.) are known to withstand atmospheric 
attack very well. However, a hard material of close and firm texture is, in those qualities, specially fitted at 
least to resist friction and artificial wear, as in stoops, pavements, sidewalks, and road metal, and the natural 
friction of rain-drops, dripping rain-water, the blows of the surf, etc. The graywacke and blue-stone of New York 
and Pennsylvania, is, in the form of flagging, unexcelled for paving, etc.; and no reason is apparent why its thicker 
beds should not be further applied as a material for ordinary construction. So far as yet introduced for this 
purpose, within a few years past, it preserves perfectly the arris in dressings, quoins, etc., without either chipping 
or discoloration. 

CRYSTALLINE STRUCTURE.—Experience has shown that the crystalline structure in a stone is a better 
resistant to atmospheric attack than the amorphous. The following statement is made concerning this characteristic 
in an oolitic limestone of England: 


The Steetley stone is remarkable for its light specific gravity, great power of absorption, and yet extremely durable ; its resistance 


‘to atmospheric influences may be attributed to its beautifully sparkling crystalline structure, without having any dusty incoherent 
matter in its formation, the crystals being all well cemented together. (a) 
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a C. H. Smith, op. cit., 32. 
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It is also well illustrated in New York city in the better class of crystalline building stones, e. g., the granite 
buildings in Murray, Warren, and other of the older streets, the Astor house, etc., which are not yet perceptibly 
affected by the tooth of time. The same fact is generally true with the sedimentary rocks also, a erystalline 
limestone or good marble resisting erosion better than an earthy limestone. Only the oolitic varieties of the latter 
seem to possess, in that structure, an advantage over those that are entirely earthy or amorphous. The durability 
of a limestone like that of Indiana, recently introduced into this city, must depend upon these conditions. So, too, 
the highly-crystalline varieties of the Potsdam sandstone, in New York, Wisconsin, etc., abounding in glittering 
facets which the microscope reveals to bein part quartz crystals of exceeding minuteness, may be expected to have 
in that respect a greater likelihood of durability, if well cemented, than the ordinary variety made up of rounded 
grains. 

TENSION OF THE GRAINS.—A crystalline building stone (e. g., granite, gneiss, marble, ete.) is made up almost 
entirely of imperfect crystals of.its constituent minerals (of calcite, in a marble—of quartz, feldspar, ete., in a 
granite) closely compacted together, originally with intense mutual pressure. Sometimes no cement intervenes, but 
any two grains remain in close contact at an impalpable invisible line. Such a condition must be sensitive to very’ 
slight influences, the surfaces of the grains in a building stone being alternately pressed still more tightly together 
or separated to disruption, e. g., by variations of temperature, above all at the extremes of severe cold and frost, 
of burning sunshine, and of fire. A good illustration is found in those marbles which seem to contain no cement in 
their interstices, e. g., the coarse Tuckahoe marble, which soon becomes seamed with cracks, as in the building on 
the corner of Thirty-second street and Broadway. 

In England it has been found that— 

All varieties of Carrara marble have perishable qualities which ought to preclude them from being ever applied to external purposes 
in this country. After exposure to the weather for thirty or forty years, disintegration through its entire mass, but mostly on or near the 
surface, evidently takes place; after the lapse of about a century, more or less, according to the quality of the marble, the entire 
substance falls into a kind of sparkling sand. (a) 

Frequent changes of temperature also tend to destroy Carrara marble more rapidly than atmospheric influences; thus the mantel of 
a chimney-piece is invariably disintegrated long before any other part. 

CONTIGUITY OF THE GRAINS.—The principle which obtains in the application of an artificial cement, such as 
glue, in the thinnest film, in order to gain the increased binding force, by the closest approach of the cemented surfaces, 
finds its analogy in the building stones. The thinner the films of the natural cement, and the closer the grains of 
the predominant minerals, the stronger and more durable the stone. One source of weakness in our brownstones 
lies in the separation of the rounded grains of quartz and feldspar by a superabundance of ocherous cement. Of 
course, the further separation produced by fissures, looseness of lamination, empty cavities and geodes, and excess 
of mica, all tend to deteriorate still further a weak building stone. 

HoMOGENEITY.—A great difference of the hardness, texture, solubility, etc., in the material of the grains of 
arock and of their cement, or of the successive laminew, renders the weathering unequal, roughens the surface, 
and increases the sensibility of the stone to the action of frost. So also softer patches, of more easily decomposed 
veins and layers in the stone, produce unequal weathering, hollows, furrows, and projecting ridges. Even a 
hard crystalline and otherwise durable stone may be materially weakened by these defects. Illustrations of this are 
found in the same varieties of the dolomitic marbles, with irregularly mixed constituents, from the old quarries at 
Kingsbridge, on New York island, and in Westchester county. 


C. CHARACTER AND POSITION OF SURFACE. 


The rough or polished condition of the surface of the stone, its inclination from a vertical plane, and the position 
in which it stands with reference to the sun and to the prevailing direction of the wind, all constitute important 
elements of its durability. 

SMOOTH DRESSING OR POLISH.—It is generally assumed, and rightly, in the climate of New York, that 
a smooth or polished surface tends to protect a stone by facilitating the rapid discharge of rain-water from its 
surface. The present condition of most of our smoothly-dressed granite fronts seems to confirm the general accuracy 
of thisopinion. Nevertheless some anomalies occur. It has been observed in London that, in the modern buildings, 
decay progresses far more rapidly than in the ancient, and it has been queried whether this may not in some way 
be due to the application of machinery. 

A series of observations by Professor Pfaff, of Erlingen, Germany, in reference to granite, syenite, etc., have 
shown, among other results, that the superficial loss in a century, by exposure to the weather, may amount, on 
unpolished granite, to 0.0076™™, on polished granite to 0.0085™™. 

‘These conclusions in regard to the more rapid weathering of polished granite yet need confirmation by more 
extended observations in other localities. But an investigation is yet needed to determine whether the vibration 
of the surface of a stone, produced by the jar of the machinery employed in sawing or polishing, as well as the 
bruising produced by the friction of the sand, diamond-saws, etc., and still more, the strain and pressure produced 
by the impact of the blows of chisel and hammer, in smooth and rough dressing, do not produce superficial changes 


of tension, minute fissures produced by the separation of surfaces of feeble adherence (e. g., on smooth planes of 
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tabular flakes of feldspar, scales of mica, ete.), cracks in brittle minerals (e. g., quartz), microscopic clefts along 
cleavage planes (e. g., of the feldspars), slight disruption of grains from the adhering cement, etc. If these actions 
do occur in stone-working, and especially if they reach a sensible depth, as I believe, they may partly account for 
the anomalous loss of polish and rapid peeling away of successive layers from the surfaces of dressed granites and 
freestones. The very dressing, so agreeable to the eye, may actually present the surface of the weaker stones in 
the worst possible condition to resist atmospheric attack. 

On the other hand, a roughness of the surface favors the deposition of street-dust, smoke, etc. In France— 

The beautiful marble sculptures of the park of Versailles will, within the next fifty years, become, through its means, unsightly 
and ugly masses of dirt, and eventually be irretrievably lost. Dr. Robert recently called attention to the fronts of the Bourbon and Mazarin 
palaces, that of the legislators, the mint, and others, which by this influence are hastening to decay, and even more rapidly in proportion. 
as the ornamental carvings promote the deposition of dirt and dust. (a) 

Tt has been shown that in New York these substances have been observed to exert a deleterious influence by 
chemical corrosion of the stone on which they rest. Being chiefly organic in material and absorbent of moisture 
they also furnish a suitable nidus for the growth of minute plants, e. g., lichens, conferve, mosses, etc., whose erosive 
action has been already mentioned. However, there is no doubt that under certain circumstances, not yet understood, 
a crust of dirt, smoke, and soot may act as a preservative to the stone, as observed by E. C. Robins and A. Billing, 
on St. Paul’s and on Hanover chapel, London, on the church of St. John’s, in Southwark, etc.; the same is true: 
also of at least some of the vegetable growths—certain lichens which flourish in the dusty deposits. 

INCLINATION AND POSITION.—Sufficient reference has already been made to the influence of these conditions. 
in many ways on the durability of stone. The illustrations are without number throughout the older streets of our 
city, in the decayed state of those surfaces of stone which are horizontal, and on which rain-water, slush, snow, and 
ice may rest; of those on the south side of cross-streets, and the west side of the avenues running north and. 
south, which are exposed to the driving rain of northeast gales, etc. Thus, in the towers of the church on the: 
northwest corner of Clinton and Pacific streets, Brooklyn, the brownstone on its front, which faces the east, is. 
peeling off in patches in many places, while the south face of the towers remains apparently unattacked. 

Again, on surfaces which are liable to be water-soaked, but which may be sheltered from the sun and wind, 
the moisture does not quickly dry out, and here especially the decay may be very rapid. The soffits of arches and 
lintels, the shady sides of window-jambs, and the shady parts of carvings, etc., are among the first portions of a 
building to decay. From this cause, or from the leaking of a rain-water leader, the surface of a whole pilaster may” 
peel off, as in the building on the southeast corner of Eighteenth street and Fourth avenue, New York. 

METHOD OF POINTING OF MASONRY.—The admitted energetic agencies of decay—frost, solution, hydration,. 
etc.—have been largely favored by the imperfect and hasty construction of the masonry throughout the city, its 
joints when new often admitting a trowel. A cement-mortar of poor quality is largely employed, and, soon dropping 
out, the joints are often allowed to remain open for years. The atmospheric attack is thus made, as it were in 
flank, directly through the exposed edges of the outer laminz of the stone, aud the decay rapidly affects the stone 
to a considerable depth, several inches in many cases, and even throughout the entire block, although the exfoliation. 
may appear superficial. 

ExECTION ON EDGE OF LAMINATION.—Instances are very rare in this city where the stone has been laid ‘on: 
its bed”, with a deliberate regard to its durability: e. g., a few houses on Fifth avenue above Fifty-first street, the 
new wings of the Astor library, etc. On the other hand, from mere convenience in construction, many buildings, 
especially of our older churches, are fortunately so constructed, the blocks having been small and square and 
conveniently so laid. In some instances (e. g., the church on the southeast corner of Thirty-tifth street and Fifth 
avenue) blocks occur in both positions and in both are affected by incipient decay; in others (e. g., the church on. 
southwest corner of Twenty-first street and Fifth avenue) the blocks, although all on bed, are often deeply decayed.. 
In the old city hall, erected in 1812, the north face, although on the side usually least affected by decay, presents 
the brownstone of its ashlar set on edge and exfoliating in entire sheets, often traversed by fissures across the 
lamination, parallel to the joints. Notwithstanding these warnings, most of our newest edifices exhibit the same 
faulty construction: e. g., the sandstone (from Massachusetts) in the trimmings and even partly in the pillars of the: 
Union League Club building, on Fifth avenue, the fine new residences in the upper part of Madison avenue, the: 
trimmings ete., in the huge new buildings for “ flats ” and business offices throughout the city, often nine to eleven or: 
more stories in height, in whose walls the crushing force exerted upon this soft stone must be excessive. 

EXPOSURE TO THE SUN.—Again, subjection to wide differences of temperature on different faces, e. g., those 
produced by the burning heat of our summer sun on the western faces of buildings, renders the stone liable to crack 
from unequal contraction and expansion, and produces, ona laminated rock, separation along the planes of lamination, 
and, on a compact rock, an exfoliation in concentric crusts allied to that of common occurrence in nature on outcrops 
or bowlders of granite and trap. The former is abundantly illustrated in the marked devay and splitting observed 
on the western faces of the tombstones in Trinity church-yard, the cemetery at New Utrecht, ete., described beyond. 
The ashlar at the base of the steeple of the church at Thirty-seventh street and Fifth avenue is beginning to 
decay on the south side, but not on the north or east sides (the west side not being visible). Other examples are 
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‘seen on the brownstone stoops of our cross (east and west) streets, where the western face of the dark stone is 
rapidly disintegrated and exfoliated, while the eastern face remains much longer iu perfect condition. The stone 
balusters of the balustrades of balconies and the sides of high stoops are, from their slender form, peculiarly 
Sensitive; they disintegrate and exfoliate rapidly on their sun-exposed sides, and become split, ragged, and reduced 
within five years to a wretched condition, especially when the bedding plane is exposed to the sun. Little rule is 
observed by stone-cutter or builder in regard to the position of planes of bedding in work of such delicate character 
as the stone rails, balusters, and posts of stoops and balconies, the planes lying and facing in every direction, 
sometimes uniform in a particular stoop, sometimes differing—vertical, horizontal, or even sometimes oblique, and 
directed to all points of the compass—though in general the planes are vertical in the balusters of a stoop and stand 
either parallel or perpendicular toward the front of the building. The decay is much more rapid in the coarse 
brownstone, though apparent on the light-colored freestones, and affects the western side of balusters on the cross- 
streets and the southern side on the avenues. It seems to be somewhat delayed wherever the edges of the layers 
happen to face toward the sun, i. ¢., to the west on cross-streets and to the south on avenues, in New York city. 

In general it may be stated that all the influences of driving winds, acid vapors, pelting rains, burning sun, 
ete., are less destructive by far than the quiet action of rain-water or thawing snow dripping and soaking down 
continuously from any projection or hollow in which water or snow may lodge. A good illustration is found in the 
Synagogue on the southeast corner of Sixty-third street and Lexington avenue, in the fresh, unaltered condition of 
all its vertical faces of light freestone, and the extensive discoloration which has attacked the face of the pediment 
of its front portico from water soaking through its roof, and the discolored streaks which run down the inner 
corners of its towers. 


4.—-METHODS OF TRIAL. 


The methods now in vogue are to a large extent so superficial and empirical, so unsatisfactorily confirmed by the 
practical results attained, as to have elicited from many an opinion akin to that expressed by a member of the London 
Society of Arts. His impression was, and it was borne out by the opinions of many practical men, “ that when a stone 
was once out of the quarry it was almost impossible to say whether it was a good stone or a bad one”. It has long 
been recognized that there are two ways in which we can form a judgment of the durability of a building stone, 
which may be distinguished as the natural and the artificial. 


A. NATURAL METHODS. 


These must always take the precedence wherever they can be used in any locality, because they refer, first, to the 
exact agencies concerned in the atmospheric attack upon a stone, and secondly, to long periods of time far beyond 
the reach of artificial experiment. 

A memorable investigation, in which the main dependence was rested apparently upon this class of methods, 
was that instituted by the British parliament in the royal commission appointed in 1837 for the selection of the stone 
‘to be used in the houses of parliament. This commission consisted of four persons: the architect, Sir Charles Barry; 
two geologists, Sir Henry De La Beche and Dr. William Smith; and Mr. C. H. Smith, a practical man, well 
acquainted with the working of stone, occasionally assisted by Dr. Buckland and Professor Phillips, and, in the 
chemical department, by Professors Daniell and Wheatstone. From the study of the outcrops in neighboring 
quarries and the weathering in several old buildings in Yorkshire, the commission recommended the use of the 
stone from the Norfal quarries, North Anston, ten miles east of Sheffield, and were discharged. The execution of 
this recommendation was put in incompetent and irresponsible hands, without government superintendence. 
‘Consequently the stone of the Norfal quarries having been adjudged too small for the purpose, and also those of a 
neighboring quarry, resort was finally had to a stone not covered by the report of the commission, and of this the 
houses of parliament were mainly erected in 1840. It proved of such inferior character that the decay, immediately 
setting in, attracted attention even in 1845, and has since led to extensive and costly efforts for the purpose of repair 
and preservation. 

EXAMINATION OF QUARRY-OUTCROPS.—Much information of the highest value may be obtained, especially in 

‘the northern United States, where the results of ancient decomposition have been planed off by glacial action, 
from a study of the old natural exposures of a stone to the atmosphere at or near the quarry from which it was 
taken, with allowance for the conditions which may there prevail at present, or which probably existed in pre- 
glacial time. However, it has been pointed out that “the length of time they have been exposed, and the changes 
of actions to which they may have been subjected, during, perhaps, long geological periods, are unknown; and 
since different quarries may not have been exposed to the same action, they do not always afford definite data for 
reliable comparative estimates of durability, except where different specimens occur in the same quarry ”.(a) Within 
the district allotted to this report only three building stones are found in place: The trap of the Palisades and of 
Staten island, whose exposed surfaces are almost always smooth, and whose crust of disintegration, rarely reaching 
a half inch in thickness, implies a power of excellent resistance to atmospheric attack; the gneiss of New York 
and Long islands, which often becomes deeply discolored along some planes, but even then, in its common siliceous 
variety, retains most of its toughness and strength; and the dolomitic marbles of the old quarries of Kingsbridge 
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and Morrissania, no longer worked, and of Westchester county, in which a wide variation is shown on the exposures,. 
some surfaces being disintegrated to a pulverulent mass or loose sand, while others remain firm and hard. 

EXAMINATION OF OLD MASONRY.—A study of the surfaces of old buildings, which have been exposed to. 
atmospheric influences for years or centuries, is one of the best sources of reliable information concerning the 
durability of stone, and frequent references to such observations have already been made in this report; 
unfortunately no buildings of great antiquity have resisted the iconoclasm of our period and remain for study. 
Following, however, the example of Professor Geikie, of Great Britain, in his study of a grave-yard of Edinburgh, 
I have made some studies in thoseof New York and vicinity. It may be remarked that the varieties of stone used 
in cemeteries for the dead are usually for the most part identical w'th the building material employed in the 
houses of the living at the same period. Nor could any method be devised for testing so thoroughly, by natural 
means, the elements of durability in any stone as that by which, in the form of a tombstone, it is inserted partly in 
the moist earth, entirely exposed above to the winds, rain, and sun on every side, with its bedding lamination 
standing on edge, and its surface smoothed and polished and sharply incised with inscriptions, carvings, and dates,. 
by which to detect and measure the character and extent of its decay. 

The present edifice of Trinity church was constructed during the years 1841-46 (the first building having been 
erected on that site in 1696). Saint Paul’s chapel was erected in 1766, and, although this structure is older than 
that of Trinity, its cemetery is much more recent in its origin. 

Trinity church-yard, New York city—A variety of materials is found in the tombstones of this cemetery, 
one of the oldest inclosed in the city. The observations made on the present condition of the stones have been 
grouped together according to the material, disregarding as carefully as possible all stones which showed evidences. 
of repair and recutting. Most of the stones are erect, and stand with their planes in the meridian, 7. ¢., their inscribed. 
faces fronting the east. 

ted sandstone, compact, hard, and fine-grained, apparently identical with that of the church building, and 
forming the largely predominating material for the stones: Tomb of Matthew Daniel (1820), west side split off, but 
general condition otherwise good, and inscriptions sharp; also, several tombstones in vicinity in same condition,, 
with more or less splitting along lamination on their western faces, e.g., those of John Child (1808), John Wilson. 
(1805), Peter B. Ustick (1791), Jane Slidell (1770), John Waddell (1762), Joseph Penn (1763), Charles Burleigh 
(1757), and many others; tombstone of children of John and Mary Bard (1796), much eroded, and splitting on both 
sides. Two of the oldest stones, those of Jeremiah Reding (1722) and Richard Churcher (1681), are in very fair 
coudition, the inscriptions being sharp, and only a slight tendency to splitting beginning to show on the west side 
of the top of the stone. | 

Graywacke or blue-stone, probably from the Catskills or central “New York: Tombstone of Remington: 
Stephenson (1730), in excellent condition, but west side beginning to decay; that of Mary Corrin (1739), perfect on 
both sides; inscriptions sharp on both stones. 

Black slate, probably imported: Tombstone of John Daley (1774), in very good condition, only a slight decay 
roughening the west side; that of Anne Churcher (1691), both faces and edges perfect and the inscriptions sharp.. 

Gray slate, perhaps from the Catskills: Tombstone of George Carpender (1730), inscription sharp, slight erosion: 
on west face. 

Green hydromicaceous schist, probably from western part of Connecticut or Massachusetts: Tombstone of 
Joshua Amy (1742), in excellent condition, only the west face being slightly worn. 

White oolitic limestone, fossiliferous, probably imported from England: Tombstone of John and James Searle: 
(1736), in excellent condition. 

Fine white marble, apparently from Carrara, italy: Inscription and date obliterated, full of minute cracks on 
both faces. 

White marble, probably from western Massachusetts: Tombstone of Lars Nannestad (1807), and that of 
Alexander Hamilton (1804), both in fair condition, but worn on the north face. ‘ 

Saint Paul's church-yard.—One variety of fine-grained sandstone predominates, dating from 1813 back to 1768. 
The finest-grained and most compact are often in perfect condition (J. J., 1768), but many coarser or more laminated 
stones, and sometimes fine and compact stones, are very badly split, and show exfoliation near the ground (A. Van 
B., 1813), sometimes with fissures across the stone (J. A., 1813). The splitting begins, as usual, near the west face 
and near the edges. 

As to marble, the stones here date from 1851 back to 1798, and consist of a coarse white marble. It weathers 
grayish-white, and becomes roughened. Only a small proportion of the stones are split. About one-tenth have 
their inscriptions entirely obliterated, and this fact, due doubtless to the acid rain-waters of the city, was not observed 
in the suburban cemeteries; in one case (A. W., 1851) it has been largely affected in a little over thirty years. 

The old Dutch cemetery at New Utrecht, Long island.—At this little village, which lies on the southern outskirts 
of Brooklyn, most of the tombstones are erect, in good condition, and face the east. The materials used are the 
following : 

Fine-grained sandstone, of a warm red to reddish-brown color, resembling the stone of Little Falls, New Jersey. 
As a rule the stones of this kind are in excellent condition, especially in proportion to their fineness of grain, and 
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universally preserve the sharpness of their inscriptions. Their dates observed range from 1812 back to 1743, and 
out of twenty-five noted the following may be referred to: Jacques Denyse (1811), very fine-grained, inscriptions 
and tool marks perfect; John Van Duyne (1801), in perfect condition; Rutgert Denyse (1795), very fine-grained 
stone, inscription remarkably perfect, even to the finest flourishes; Jacques Denyse (1791), in good condition, a 
small fragment lost from top edge; Jacobus L. Lefferts (1785), very fine-grained, and in perfect condition; Abraham 
Duryee (1743), stone perfectly preserved. : 

Graywacke, light gray, and thinly laminated: S. Barre (1852), stone split throughout, especially on the west 
face. 

Blue marble: Catharine Groenendyke (1797), stone in excellent condition, hard and smooth on the west face, 
but slightly roughened and pulverulent on the east face, 

Mottled black and white marble: Mercy Grenendyck (1794) and Nicholas Grenendyck (1795), in perfect condition 
in both form and sharpness of inscription, the west undressed face being hard, but the surface of the east face, top, 
and sides being somewhat roughened and pulverulent. 

Red laminated sandstone, probably from New Jersey: W. W. Barre (1854), the east face in perfect condition, 
but the top and west face beginning to split; Cornelius Van Brunt (1850), the faces in good condition, but a fissure 
in the lamination behind the east face; Ann Schenck (1824), stone split along the lamination next the west face, and 
also with a vertical fissure across the lamination of the stone near and parallel to the north edge; William Barre 
(1826), and Rebecca Johnson (1821), a stone with alternating red and gray lamine (like that used in the Flatbush 
cemetery), thoroughly split up throughout, along the lamination, and with fragments lost from the top. 

White marble, rather fine grained, and for the most part from Vermont, stones dated from 1847 back to 1828, 
with usually their inscriptions perfect (for example, the stone of Thomas Clark, 1831), their west faces in good 
condition, but their tops, sides, and east faces more or less roughened and pulverulent; the stone of J. Lefferts 
(1828), is in good condition except on the west face, which is much split, apparently by the sun. 

Granite from Quincy, Massachusetts, and Aberdeen, Scotland, in a few stones dating only from 1876 back to 
1856, and of course in perfect condition. The varieties of stone have been arranged above in about the order in 
which they seem to have come into general use. In regard to their durability it may be stated in general : 

1. The fine-grained red sandstone, probably from Little Falls, New Jersey, has presented a remarkable resistance 
to weathering, always proportioned to its fineness of texture; generally in excellent condition after a period of more 
than a century. 

2. The laminated sandstone, brought later into use, has been a poor material, yielding miserably, apparently 
to the heat of the sun, in less than a half century. 

3. All the marbles used have resisted the sun in almost every case, but show by the roughened, pulverulent 
condition of their sides and eastern faces that their decomposition is slow but gradual, and only a question of 
sufficient though perhaps long time. 

A point of difference between the stones of this cemetery, in an open country village on the outskirts 
of Brooklyn, and those of Trinity church-yard, in New York city, is shown in the abundance of lichens which are 
found in the former. Three varieties seem to occur: one, a bright green, confined in its growth to the top of the 
stones; another, of orange color, scattered over the upper part of the west face, exposed to the afternoon sunshine, 
and rarely seen on the east face; and another of light green color, abounding as a crust over the east face. No 
particular effect of corrosion by these growths was noticed, either upon sandstone or marble; on their removal the 
surface beneath was found to be fresh, and had apparently been only protected from weathering. 

Flatbush cemetery.—In the old cemetery of the village of Flatbush, Long Island, on the northeastern outskirts 
of Brooklyn, the tombstones are nearly all vertical, and face the east. White marble predominates largely, but 
the oldest stones consist of sandstone. 

Red sandstone, usually very fine grained and compact, and na parently the variety from Little Falls, New 
Jersey. The stones vary in date from 1804 back to 1754: Rebecca Suydam (1797), and Marrytie Ditmarse (1797), 
both faces of these stones in excellent condition; Hylletie Martens (1779), a light reddish-gray stone, in good 
condition, only the top being a little roughened ; ’Ahratienn Lott (1754), the inscription perfect, and only a few 
fragments chipped from the top. 

Red laminated sandstone, often very fine grained, largely made up of two materials, reddish-brown and light 
reddish-gray, in thin alternations from one-half to 1linchthick. The stones varyin date from 1822 back to 1754: Maria 
Allen (1820), with sharp inscription, but many fissures in the lamination ; Peter Neefus (1820), the stone in excellent 
condition, covered with sections of long cylindrical markings, perhaps fucoidal; Leffert Lefferts (1800), the stone 
traversed by fissures along the lamination, and also vertically across it in lines parallel to the edges and about an 
inch from the edge; Adriantie Lefferts (1761), like the preceding; Gelijam Cornel (1754), decidedly laminated in 
structure, but in excellent condition. 

Tremolitic white dolomite marble, perhaps from the old quarries of New York and Westchester counties, fine- 
grained to quite coarse in texture, and often sprinkled with grains and flakes of tremolite, sometimes several inches 
in length. The stones vary in date as follows: E, Aldworth (1851), the stone facing westward, and with minute 
fissures abounding over the top and the southern edge; A. Lloyd (1847), the stone in good condition, still retaining 
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most of its polished surface, even on the tremolite; J. F. Neefus (1847), surface of stone rough and pulverulent, so 
that the rough, gray appearance usually distinguishes stones of this material from some distance; Mary Van Siclen 
(1832), the top and west face roughened one-third of the way down, the remainder being much less roughened ; W. 
Riley (1811), smooth for a height of about a foot from the ground, and roughened above. 

Fine white marble, probably of Carrara, the stones varying in date from 1859 to 1801; E. Duclois (1836), 
somewhat rough and pulverulent all over the surface; N. Rk. Cowenhoven (1809) and J. Vanderbilt (1801), both 
horizontal tablets, more or less blackened in spots by a minute lichen (probably the Lepra antiquitatis), etc. 

Fine white marble, sometimes with gray streaks, probably from Vermont; the stones are of recent date, from 
1855 to 1730: Charity Van der Veer (1836), the entire surface of the stone pulverulent, rubbing easily off into fine 
sand; Femetie and Peter Stryker (1730), roughened down to a foot from the ground, where the polish remains. 

The lichens abound here also on the tops of the stones, but have been mostly cleaned off their faces. The 
same general conclusions may be here deduced, in regard to their durability, as in the similar varieties observed at 
New Utrecht. It is a curious circumstance, in all these cemeteries, that the stones display no exfoliation or decay 
near the ground, the polished surface often remaining perfect; above, the action of the sun on the western faces, 
and of northeast storms on the eastern faces, are apparent as usual. 


B. ARTIFICIAL METHODS. 


The various text-books on building-construction describe in detail many methods of trial of building stone ; 
€. g., of solubility in acids; of absorptive power, by soaking in water and determination of increase of weight; of 
power to resist the expansion due to frost, by actual freezing, or by saturation in saturated solution of sodium- 
sulphate (Brard’s method); of strength to resist crushing, bending, or tension, by the application of pressure or 
force in various ways, etc. 

It is unnecessary to make any reference here to these descriptions, except in regard to their antique and 
unsatisfactory character, and to the apparent ignorance of the appliances now within the reach of students of the 
modern science of lithology, which can readily be used to reveal the true nature of a building stone and the elements 
of its durability, e. g., the study of its surface under the microscope, or of slices ground so thin as to be transparent, 
or of its individual mineralogical constituents separated by means of their difference in specific gravity, or by means 
of the almost endless resources of micro-chemistry. The careful and well-digested circular of the department of 
building stones, issued by the late curator of the National Museum, Mr. George W. Hawes, whose recent decease 
has been universally deplored as a great loss to science and to the work now in progress in this field, has given a 
suggestion of the wide departure from the old and incomplete methods which is at last called for, in order to advance 
our knowledge of the proper application and practical use of building stones, under the light of modern discovery. 

One important method, long in use, is the determination of the absorptive powers of a stone. A granite which 
absorbs water to over half of 1 per cent. of its weight is open to the suspicion of doubtful durability. Similar 
caution needs to be observed in the choice of freestones in our own climate. 

Any sandstone weighing less than 130 pounds per cubic foot, absorbing more than 5 per cent. of its weight of water in twenty-four 
hours, and effervescing anything but feebly with acid, is likely to be a second-class stone, as regards durability, where there is frost or 
much acid in the air. 

It is here pertinent to refer briefly to some significant results obtained by Professor John ©. Draper, of this 
city, in experiments on two of our most common building stones, in comparison with brick. 

Fragments of each of the materials were soaked in a saturated solution of sodium sulphate for four hours, then 
allowed to dry and crystallize for twenty hours, then freed from loosened material by washing off by means of a 
fine jet of water from a wash-bottle. This operation was repeated eight times, 7. ¢., eight days, with the following 
results, the first column of figures representing the loss of substance, by weight, in 10,000 parts: 


Loss. Ratio. 
Nova Scotia stone\.o. see s.ckse voccetdu ds cee ceaheee bee ree OTE ie eee ee ee re ee 441 18 
BrownstONne sco ojasick cece desc Sem tahe Eten cam abe sche eee eee See ee ee 191 8 
Red. brick... 2.65. scccnee one vweecd de eee cm eee sae ae eee ae eee ee ne ee ee 74 3 
White brick ... 22205 60s 2 cco cc coe sale cine ole ee cule cere mee tee ee ers cs 24 1 


As Professor Draper has pointed out, these results only tend to show that frost is not the main agent of the 
initial disintegration in the climate of New York, since it is not the Nova Scotia stone, but the brownstone, which 
suffers the most severely and rapidly from decay. 

A quicker method employed was to heat the specimens to a temperature of about 600° Fahr., and quench them, 
while hot, in cold water. This method of trial yielded the following comparative results: 


Loss. Ratio. 
Nova Scotia stone 2.352 2.5225. ot Jos hee eee as Seen oe oe nn acne oo ee Pet ne nT see: 597 14 
Brownstone 522. s.j ssie'e oe oe Sold Oe Pees ob ooo woe onl de oes ee ene oe ese 202 5 
Red brick . gsiceed be ede cc ook Ee ee oS. eee ee 82 2 
White, brick i..2250 scot 's Soe ade Fae he ae ee eo oe eo ne en >) 43 1 


These results appear very significant, especially in relation to the power of brick and stone to resist the destroying 
action of great conflagrations. 
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Again, to determine the extent of the action of.acid vapors in the air upon the building stone, fragments of the 
same materials were digested in dilute acids, and the following results were obtained: 


Loss. Ratio. 
BrowNStOnGesees tracers fe So eter sec caancces san ehe ae tote Ne wanieia es sitiaas Mel staiaetaecate teicicaten dea e ek 216 30 
Nova:Scotia stone. -<52-)22 coos ue bala whan icals tain ahs aie aia sie = cotta Sais ealatestre ank seed 6 cee sos tee 66 9 
Red brick sete ates ase orice Seen atte see RISTO RIE CIC AAG Beer OD ACEC CRAPO IE Ae SE a ee eee 33 5 
AVA nit ites ape Rel ce deta AS A Seip eee sR ee, ee a 5 a oy eee a a, he A eee ae 7 1 


On this subject Professor Draper remarks : 


From this it would appear that the reason the brownstone disintegrates so rapidly in our city is its greater susceptibility to the 
action of the acid products of organic decomposition and combustion ; where the cementing material is dissolved or weakened, and pores 
and fissures in the rock being opened, it is less liable to resist the attack of frost. The Nova Scotia stone, on the contrary, is a more 
friable material than the brownstone ; yet, being less acted upon by the acid waters, it resists the process of decay better. 

On the other hand, Dr. Page has obtained the following results, by Brard’s process, on 1-inch cubes of several 
building stones used in this city, which do not confirm Professor Draper’s results: 




















Variety. : Locality. | specific ravitgsl Loss in grains. 
Coarse dolomitic marble. .........2-: .---.-«- Pleasantville, New York...........-..-. 2. 860 0. 91 ; 
Close-grained sandstone....-...-.-.--.------ Little Falls, New Jersey............... 2. 482 0. 62 
Coarse-grained sandstone........-.-.--.----- Connection by sence womaac sete none ee ajar eae ee sce 14. 36 
Fine-grained sandstone...:..,-.-.----------- Connegtioubisc.u-s seeds ce tes fos atoeee 2. 583 24, 93 
Coarse-grained sandstone.........-.-.-...--- Nova SCotlac sa. ass sccsnsccee sdesne nee 2.518 2.16 
Light dove-colored sandstone.......--.-.-.-- Seneca, Ohios292- 5.225222 s2sce sec oe ee 2. 456 1.78 
ULB COL G ice ee ee a ae ate eielatnietn o's sient alae mere inte disiaiain'a isin) a cies 2.ccials ge vie mislx caret ciata a\a'are 2. 294 1.07 
Sol Dro kasama eee sweet een ssiiec wna vote sia | sare SOs Ant OS ASE SSE CAEE CEE Decors: PIR 2. 211 16. 46 








Many experiments have been made to determine the crushing strength of building stones, an element which 
probably bears some relationship, at least in a general way—exactly what, it has never been determined—to their 
durability. The results in regard to the building stones used in New York, according to various authorities, are 
given in table on pages 330-335. They have been collected from various publications, mainly the reports of 1874 
and 1875, by General Q. A. Gillmore, on the compressive strength, specific gravity, and ratio of absorption of 
the building stones of the United States, and a report of the results (communicated to me by Mr. F. R. Collingwood, 
an engineer of the New York and Brooklyn bridge) of the trials by Mr. Probasco, of the dock department of this city, 
on the stones employed in the bridge. A point yet needing investigation, but apparently as yet disregarded, is 
whether the crushing strength of a stone, as determined on the bed, may be affected, possibly diminished, by the 
reversal of its original position; a fact probably of common occurrence, since the original top of a block is rarely 
marked. 

Other experiments have been made, too limited and imperfect for quotation here, such as those by Professor 
Joseph Henry and the United States commission in 1851, and by Professor Walter R. Johnson in 1852, to determine 
the amount of material thrown off from American marbles, etc., by repeated freezing and thawing, etc. 

In this connection we may refer to the experiments made by Dr. Hiram A. Cutting, of Vermont, on a series of 
American sandstones, in regard to specific gravity, weight, absorptive power, and resistance to fire. The results 
on varieties like those used in New York city are quoted in the following table (The Weekly Underwriter, 1880, Vol. 


XXII, p. 288): 



























































ioe, 2 Bs 
! 4E: O43 i) 
| & | se 2 Heated at | Heated at | Heated at Heated at Heated at 
f om * a] eated a eated a eated ai eated a ; 
Local name. Locality. Bates 22 | 32 600° F. | 800° F. 900° F, 1,000 F. EEE SOmND EE 
c=! pa) atures. 
i 3 | 321 2 
a th 3 
n E ia c i i) 
Pounds. 
PEOCHIONO. oop esas acema ase = Portland, Connecticut .-----..--. 2. 380 148.7 | 1+ 27 | Not injured.| Not injured.| Friable ....... Tenderiseeen: Ruined. 
Breeston@s 2.2. -saese<--=- North of England .....------.-- 2.168 | 135.5 | 1+ 27 |...-do -.-...- boc dQreceawsse | Cracks badly -| Spoiled --..... 
Montrose stone ......------ Ulster county, New York...-.--- 2. 661 166.3 \ell=-3145) 2-200! 4-.-\- ROE: Not injured...} Slightinjury..| Stands well. 
Pracstonesk. j.dcbss asaast Belleville, New Jersey..--.----- 9.350 | 146. 8.1 4597 to do\sl..-.- a dade | Cracks .....-. Friable ....-.. 
Hreestone..-5<00=2)s eee ENV HI COULS ot iaxccom aackios aban 2. 424 151.5 | 14-240 |....do ....... BHAA (re ese icy BAG rete aN ips eeeper as 
Carboniferous sandstone. ..! Br. Philips, Nova Scotia .--.---. 2. 353 aK Treaty) lp Wet do 1 tS CY ee dota Crumbles ..... (isla and 
crumbles. 
Freestone -.c..06ss-n4e 0 seen Dorchester, New Brunswick....| 2. 363 | BEY Au) on ea 7.57 aa Cs a eae Cracks.....-: Cracks)? andi: =2-d0,~oesus.5 
| | crumbles. 
Borlin' stone): --54-2222-52-5 Cleveland, Obio!..-..-......---« 2. 210 WIGEr Wear ee ts. -- AO 520: \n'0 Not injured-.| Slight cracks .|........-----.-. Stands well. 
Berea stone... 2-2-2505" reared) PIG eens <5 << o> <in- = = ne 2. 254 140 Bs tet 20 ||. do .1~2- =<) ide 0). 2s-5e~ - Bar eames Crumbles ..... De. 
Amberst, stone. -.css Sa -<n PSN En et OIO ca aan oo. - 0 sce a2 2200 Rise eet 1S. |--- CO! a5. Yoel oe dO;rsess-2 Changes color.| Friable .....-- Do. 
Brownstone. -.-- se Sri eee Hummelstown, Pennsylvania..-| 2. 346 T4683 Gateetan 28 ||, .-. 001. cee n= Oe eae lL OTROKB ie eens |} Crumbles ..... 
Potsdam sandstone ..-..-- Beauharnois, Quebec ..-..-.------ 2. 512 USAC Mieyencs |. -'COwwess neice. 00. secsice jess Oncaea se WeEOO's: a eaa5ce 
* Tt is claimed that these figures understate the true weight, which is said to approximate 155 pounds. 
VOL. IX 25 BS : 
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5.—MBEANS OF PROTECTION AND PRESERVATION. 


We have next to consider, first, the natural principles, very commonly neglected, which should be considered 
in the construction of stone buildings in the climate of New York city, and, secondly, the artificial means which 
may yet be applied for the preservation of our crumbling edifices. 


A. NATURAL PRINCIPLES OF CONSTRUCTION. 


These may be simply divided as follows: 

SELECTION.—British architects have sometimes become so discouraged at their ill-success in fighting the 
elements for the safety of the materials they employ in construction, that the recommendation has been made to 
discard the soft freestones commonly in use, and resort entirely to the ‘igneous rocks”, so called, in polished blocks, 
é. g., granite, basalt, serpentine, ete. 

Mr. C. H. Bunehe one of the commissioners on the houses of parliament, makes a statement (4) which is as 
applicable in the latitude of New York as in that of London. 

The chief eause of defective stone being used rested with the architects. A young architect would like to make as much display as 
he could for little money. To make a great show, he used a cheap description of stone. It was generally put into the contract that the 
best materials only should be used, but it might be a question whether young architects, or even old practitioners, knew what was really 
good stone, and they would not apply to those who did. The builder naturally preferred a soft stone, because it was easily worked and 
yielded him the largest profit. 

One of the most important principles in the selection of stones for our climate is that ‘‘ porous stones should not 
be used for the copings, parapets, window-sills, weather-bed of cornices, plinths, strings, or other parts of a building 
where water may lodge”. Such rocks when used should be carefully tested for absorptive power; a granite which 
absorbs water to over one-half of 1 per cent. of its weight, is open to the suspicion of doubtful durability. Similar 
caution needs to be observed in the choice of freestones in our own climate. 

Any sandstone weighing less than 130 pounds per cubic foot, absorbing more than 5 per cent. of its weight of 
water in twenty-four hours, and effervescing more than feebly with acid, is likely to be a second-class stone, as 
regards durability, where there is frost or much acid in the air. 

The following statement by an English authority is of interest, not only because Caen stone has frequently been 
brought to New York in small quantities, and was once employed in construction of the fronts of the old building 
of the Nassau bank, corner of Nassau and Beekman streets, and of others, and is still used for interior work, but 
from its applicability to our native soft limestone-freestones: 

Experience proves that Caen stone will not resist the dissolving power of water charged with carbonic acid gas; and as the rain-water of 
our large towns contains a considerable quantity of that gas, it is not expedient to employ this stone in any situation where water is likely 
to lodge or even to be taken up by capillary action, unless indeed the projecting parts be protected by metal. In upright walling above 
the plinths, and in the sheltered portions of cornices, it can be employed when judiciously selected; and in internal work, with safety and 
economy. The bedding of the stone should be observed. 

Mr. G. Godwin, F. R. S., of London, England, states, in regard to this stone, that much of it is really good, but 
affords only small blocks. That which is brought into England— 
cannot be depended on and ought not to be used in external work.: With regard to Buckingham palace, where Caen stone was used, 
that was perhaps the most remarkable failure that ever was witnessed. He recollected seeing the new front of that palace about a 
year or a year and a half after it was finished (1847), and he found many parts in a state of perfect ruin. Large masses of stone were 
in the habit of falling from the cornices, to the great danger of the sentinels below, and the result was the necessity of knocking off vast 
portions of the decorations and making them good with cement, painting them several times, with a frequent necessity for repeating that 
costly process. 

Again, in regard to Westminster abbey, an English writer (b) remarks: 

Of the exterior I will say nothing. All its old features had perished by the end of the seventeenth ea when they were vilely 
renewed, and this base restoration is now in its turn decayed. 

The abbey had been built about A. D. 1245, its foundations of ragstone from Maidstone, and the rest of the 
building, of several limestones (Gatton, Caen, etc., and the firestone from Reigate and Godstone). It was afterward 
repaired with Bath and Portland stones. The greater part of the exterior is now in an advanced stage of decay. 

Again there are certain rules of selection, often of local peculiarity, which are yet to be worked out, which 
refer to the adaptation of a stone to durability in certain positions, exposures, or parts of a building. A few such 
rules may be suggested as indicated by the study of the forms of decay in this city. 

1. No temptation of cheap cost or facility of carving should permit the use—almost universal here—of a soft 
freestone in the stoops, balustrades, ete., where exposed to sun, street-dust, and wear, unless protected at least by 
on artificial means. 

. The finest-grained varieties of brownstone, with imperfect lamination, may be introduced with advantage for 
the = ee cate and those parts most liable to decay, even where coarse material is generally employed in the 
front. 

a ee se 5 
; a Jour. Soc. Arts, London, 1860, Vol. 8, p. 249. b Gilbert Scott: Medieval Architecture, Vol. I, p. 176. 
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3. The life of a brownstone is more apt to be prolonged in a shady but dry exposure, e. g., on the south side of 
an east and west street, or the west side of a north and south avenue, the shady side of a stoop, etc., if care is taken 
ic prevent the dripping of rain or thawing snow; if not, this position may render it the more liable to decay. 
Accordingly, a light-colored or more durable stone may be best selected for sun-exposed faces, where possible. 

A porous absorbent stone should not be employed at or below the ground line, and the absorption of moisture 
from below should be prevented by the interposition of some impermeable material, as a damp-proof course. 
Attention to this rule would have prevented the decay which is shown at the base of most of our brownstone 
buildings of the earlier construction, usually to a height of one or two feet above the ground line, but sometimes 
two or three yards, as in the building on the southeast corner of Eighteenth street and Fourth avenue; almost the 
only decay visible in the excellent sandstone used in Trinity church, New York, is of this nature, extending about a 
yard above the ground. This experience has borne some fruit in our city, and the insertion of the close-grained 
compact graywacke or “ blue-stone”, or sometimes a granite, into the base of most of the recently-erected brownstone 
fronts, even as a narrow band at the earth line, probably tends to prevent, by its less porosity, the rise of water 
into the sandstone, and so to delay its disintegration. 

SEASONING.— Vitruvius, the Roman architect, two thousand years ago, recommended that stone should be 
quarried in summer when driest; that it should be seasoned by being allowed to lie two years before being used, 
so as to allow the natural sap to evaporate, and that it should be tested as to its wasting. Little regard seems now 
to be paid to this condition, the stone being hurried from the quarry into the building. 

It is a notable fact that in the erection of St. Paul’s cathedral in London, England, Sir Christopher Wren 
required that the stone, after quarrying, should be exposed to season for three years on the sea-beach, before its 
introduction into the building. Nosuch exhibition of carefulness can be witnessed on any sea-beaches in the vicinity 
of New York city. 

PositTron.—It has already been stated that, in order to resist the effects of both pressure and weathering, a stone 
should be placed on its ‘natural bed”. This usually indicates the plane of original deposition, but not always, 
contrary to the general statements of the text-books; (a) for the lamination may simply be the result of the last 
period of pressure, ¢. g., slaty cleavage, in which Sorby and others have shown a rearrangement of the particles, 
scales, and flakes of the constituent minerals into a stable condition of parallelism. This is illustrated in the 
constitution of some varieties of our slates, schists, and ‘“‘ blue-stone”, and the injury, caused by neglect of this 
consideration, in the rapid decay and ruin now in progress in the ashlar of our freestone fronts. The stone of one 
of our oldest buildings, Trinity church, New York, probably owes its excellent preservation in part to the careful 
attention which was given to the position of the blocks, while in others of comparatively recent erection, though 
constructed of small blocks of brownstone mostly laid ‘‘on bed”, the surface of the stone has begun to exfoliate, but 
not so rapidly and deeply as in occasional blocks standing on edge; for example, many stones below the projecting 
string-courses in the west front of the church on southeast corner of Thirty-fifth street and Fiftb avenue. In many 
of the most recent buildings the proper mode of construction is seen: e. g., the blocks of gneiss in all churches of 
that material; the Indiana limestone in the house on corner of Fifty-seventh street and Fifth avenue; the Potsdam 
sandstone, usually in the new buildings at Columbia college; the brownstone in residences at Fifth avenue and 
Fifty-first street, and in the lately-erected wings to the Astor library, etc. On the other hand, no attention is paid 
to the matter in the common stone fronts throughout the city, whether brownstone or Nova Scotia stone. Many 
prominent buildings of recent erection show the same disregard of the principle, e. g., the warble ashlar of the 
Union Dime Savings bank, in which a large number of the blocks stand on edge and are in many cases fissured ; 
the Lenox library, in which about 40 per cent. of the ashlar consists, in the alternate receding courses, of blocks of 
the Lockport limestone set on edge; the Drexel building, on the southeast corner of Wall and Broad streets, in 
which all the white marble ashlar dressings and even the projecting quoins stand on edge, ete. Indeed, in this 
city the proper arrangement of building stones in this respect, where apparently observed, has really been rather 
a matter of the builders’ convenience, due to the small size or square form of the stones employed, than of any 
scrupulous attention to the conditions of durability. Other phases of the principle involved in the position of stone 
in a building have been already sufficiently discussed. 

FORM OF PROJECTIONS.—The following statement by an English authority possesses even greater claim to 
consideration, in the exigencies of our more severe climate: 

In this climate water will invariably accumulate upon an exposed projection, and from thence, by the natural laws of gravitation, 
will run downward upon the surface beneath. * * * The continued permeation by water must materially injure the durability of any 
structure. Upon brick and stone, especially in winter, is this effect noticeable, when the repeated alternate freezing and thawing rapidly 
affect the quality of materials, and by a disintegration of particles impair the strength of the entire mass. * * * All projections from 
a building exposed to the weather should be ‘‘throated”, that is, a narrow groove should be cut, extending the entire length, upon their 
under side. The water gathering upon the upper part of the window-sill, or whatever the projection may chance to be, flows over the 
upper edge to the lower and to the under side of the sill, when, instead of following the surface by the attraction of cohesion and finally 
running down the wall, it is stopped by the groove, and from thence falls to the ground, being unable to further continue its progress 


upon the surface. The complete efficacy of this device and the ease with which it is adopted are most apparent, and, though it has long 
been in use, is rarely introduced among the specifications of an architect. (6) 





a Notes on Build. Construction, Part III, p. 9. ° b The Architect, London, England, 1870. 
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The severity of our climate even requires the further care that the upper surface of projections should be so 
cut as to prevent the lodgment or long retention of deposits of either rain-water or snow. It is immediately above 
and below such deposits that the ashlar of our fronts is most rapidly corroded and exfoliated, an effect evidently due 
mainly to the repeated thawing and solution, freezing and disintegration, which are caused by the water, slush, and 
snow which rest, often for weeks, upon a window-sill, balcony, cornice, ob Thus from the initial and inexonseatia 
carelessness in the construction and form of the seaioonciies and, later, the neglect of the house-owner, due to 
ignorance of the results involved, to remove the deposits of snow, etc., as fast as they accumulate on the projections, 
is derived a large part of the discoloration of the marble, Nova Scotia stone, or light-colored granite, and especially 
the exfoliation of the brownstone beneath the window-sills, balconies, etc., by the water alternately trickling down 
the front and freezing, by day and by night, for long periods. 

The benefit of this plan is well illustrated on the east, south, and west sides of the city hall of New York city, 
the heavy projecting marble cornice of the string-course above the first story being deeply undercut, and affording 
a complete protection from the rain to the line of dentilated decoration immediately beneath it. Accordingly the 
latter displays no evidences of decay. On the other hand, the general need of this device is testified by a study of 
the course of the decay which attacks the stone fronts of our buildings. In almost all cases the first part of the ashlar 
to decay is that immediately beneath the windows. If the projecting stone sill is horizontal, or inclines slightly 
outward and downward, the rain-water falling upon it, and, still more, that derived from the thawing of the snow 
which lodges in winter upon the sill, flows over the front edge of the sill, over its under surface, and down the 
surface of the ashlar to the lintel of the window below, in a band as wide as the sill above, or sometimes farthest 
along a line beneath the middle of the sill, and so produces a triangular or rectangular patch of moisture on the 
stone, with the apex reaching partly or entirely to the lintel of the window below. If, however, the sill inclines 
inward toward the house, the water trickles from one or both ends of the sill in a narrow band down the ashlar. 
After a storm, when the house-front has become rapidly dried, partly from the wind, partly from the free drainage down 
the lamination-planes of the ashlar standing on edge, the stone sill remains water-soaked from the horizontal position 
of its lamin, or from the thaw of the snow lodged upon it, and these triangular patches or the lateral streaks are kept 
moist, it may be, for days afterward. Throughout that portion of the ashlar, therefore, chemical action by day and the 
work of frost by night continue in progress alternately far longer than elsewhere upon the front. If the material is 
brick the surface is first discolored, the mortar removed from the joints, and at last the surface of the brick itself 
is eroded under the patches or streaks of moisture. Examples of this are seen in the brick fronts of the older 
streets. 

If marble, the surface assumes a dirty yellowish color, the joins are widened, and the surface soon becomes 
roughened. Examples are seen in the marble fronts on the north side of Maes street, between Church street 
and West Broadway, etc. 

If light-colored freestone, a blackish-gray, irregular discoloration begins, which may become very dienerenneee 
to the eye, and a serious decay ensues. Examples are seen in fronts on the corner of Christopher street and 
Greenwich avenue, ete. 

If brownstone, the discoloration hardly precedes the rapid disintegration, the surface peeling off in thin sheets 
over the triangular patches below the windows, or in long vertical streaks or bands on either side to the depth of 
1, 2, or 3 centimeters, even while the general area of the front still retains, in sharp contrast, the smooth surface of 
its original dressing. Examples of this destruction are seen in its first stages all along the lower part of Fifth and 
Madison avenues below Forty-second street, and, still farther advanced, in the older streets. 

If granite, discoloration has been often produced, but the use of this excellent material is too recent in our 
modern city to furnish the evidences, sure to follow, of deeper disintegration. 

Again, the surface of the ashlar exhibits a similar decay just above the lines of projections, e. g., of long 
business sign-boards, heavy string-courses, cornices, the lintels of doors and windows, etc., peeling off in the same 
way as the lowest courses of the front just above the ground line. This, too, seems to be chiefly due to the snow 
which lodges on these surfaces, and, in thawing, keeps moist the surface above. So, also, balconies bring speedy 
destruction to the stone surfaces beneath them, especially if their flooring permits the trickling of water down the 
front, and at the same time shelters it from the sun and wind. Thus, one may see in our streets, for several days 
after a snowfall, entire blocks of the finest residences with their fronts spotted with snow on‘all projections, — 
constantly thawing and freezing, with corroding streams of water trickling their way down the front. In most 
cases these snow deposits on window-sills, lintels, etc., could be as readily swept from their lodgment by means of 
a broom, as they are always removed from the sidewalk. The neglect—which, if applied by our servants to the 
destruction of furniture within the same houses, would be denounced as slovenly carelessness—is simply due to 
ignorance, 

It requires, therefore, but little observation of our buildings to recognize that, like the beak of the pelican 
tearing its own breast, the sills and similar projections are serving to eat away the material of the front lying below. 
A clear understanding of the nature and progress of the erosion, as above described, is first desirable; and this 
seems to indicate the advisability of adopting, for prevention, some simple device in regard to the window-sills, 
such as the choice of impervious material not easily water-soaked (perhaps blue-stone), cut in such form above ag 
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te prevent the easy lodgment of rain-water or snow, and throated with a groove underneath the projection to 
prevent the continuous trickling of water down the front. No such attention appears to be given to the character 
of the window-sills of most buildings by our architects, though the desired result has been obtained, where a 
properly throated string-course or cornice coincides with the sills of a line of windows (e. g., in many churches, in a 
new building of Columbia college, on Forty-ninth street, and also in some churches recently erected), by dispensing 
with any projection beneath a window and neriaeit it by a long slope from a narrow, protected sill into the 
vertical plane of the front—e. g., in the churches on northeast corner of Sixty-sixth street and Madison avenue, ete. 


B. ARTIFICIAL MEANS OF PRESERVATION. 


Many methods, mostly empirical, have been suggested for the artificial prevention of the decay of building 
stone, which may be here briefly considered, particularly those which have been resorted to in New York and 
the adjacent cities. The descriptions of the processes in detail are given in the text-books, (a) and it will be 
necessary to give in this report only the details of processes locally employed. The preparations recommended for 
this purpose are of two classes, organic and inorganic, according to the nature of the materials used. 

1. ORGANIC PREPARATIONS.—AIl the preparations of this class, depending on the application of a coating of 
paint, etc., or on the injection of fatty matters, are in their very nature of a temporary character. They have been 
properly denounced as only costly palliatives, needing frequent repetition, and, therefore, exerting an influence 
toward the destruction of delicate carving. G. R. Burnell remarks on this subject : (b) 

The objection to oil paints consists in the fact that, in proportion as the oils which serve as their vehicles evaporate the particles of 
the stone they originally. protected become again exposed, and even the absorbent powers of the stone itself contribute to this action. It, 
therefore, becomes necessary to repeat the painting frequently, and thus, in the end, the delicacy of any moldings or carving must be 


effaced. The unequal rates of expansion of the stone and of the oil paints in time of frost tend to increase the danger of irregular and 
unequal exposure above attributed to the evaporation of the oil. 


Professor Ansted, F. BR. S., observed on the same occasion: 

It was easy to see thatif a stone could be coated in such a way that moisture could not get intoit, and provided there was no moisture 
in the stone already, the thing was done. But the difficulty was to manage this, and it arose from the fact that no paint, no substance 
that contained organic matter, could, by any possibility, be long of any use. It might last for a time, but if it was capable of being acted 
upon by the atmosphere, and became oxidized, then after a time it failed; the surface peeled off and the moisture got in. The moment 
the moisture got into the stone the mischief began, and the work of destruction would go on as much as if the stone had never been 
covered at all. The difficulty was to find some material which would form a permanent coating upon the stone, preventing the entrance 
of atmospheric moisture, and doing so in such a manner that it was not liable to decay from the anit influences to which the 


stone was exposed. 

CQval-tar.—This has a dase use in the protection of foundations of weak materials from moisture, the walls 
and masonry of tanks from acid vapors, etc. (c) New York city is fortunately provided with an abundance of 
excellent material for foundations in the underlying gneiss of the island. 

Paint.—In New York I believe this has very rarely been employed for the protection of stone, and could have 
no lasting effect. By its use in repeated coats, however, the durability of the fronts of Caen stone of several buildings 
in the lower parts of the city (e. g., the old building of the Nassau bank, the Tontine building, etc.), has been 
preserved for many years. At Washington a portion of the base of the stone front of the old Capitol, consisting 
of Potomac marble, was found to be crumbling from rapid decay, and the Secretary of the Interior reported in 
1849 that “if left wholly unprotected from atmospheric influences for one-third of the time that marble structures 
are known to have stood, the noble structure would become a mound of sand”. It was subsequently painted, as 
well as the marble of other public edifices, the President’s house, etc. In London, paint has been employed to 
protect the Caen stone of Buckingham palace, erected in 1847, etc. the Portland stone of many private and public 
buildings; the marble of monuments, e. g., that in front of Saint Paul’s, ete. A coat of paint is said to last hardly. 
three years. . 

Oil.—This always discolors a light-colored stone, but only produces a darker shade on our brownstone. For 
this it has been applied to several buildings, e. g., the first house on south side of Fifty-fourth street, west of Fifth 
avenue; a house in Sixtieth street, between Fourth and Madison avenues ; Trinity church, Brooklyn, ete. 

The following is the method employed in its application: The surface of the stone is first washed thoroughly 
clean, allowed to dry, then painted with one or several coats of boiled linseed oil, according to the taste of the 
owner, and finally with a weak solution of hartshorn in warm water to produce uniformity of tint. The oil has been 
found to sink about a quarter of an inch into the stone. Any new block afterward inserted into a front thus 
oiled, in undergoing repairs, will need to be oiled in the same way. A front treated by this process may be 
recognized by its darker color and by the fact that during a rain the water freely runs down the surface, which 
afterward dries more rapidly than an ordinary front. The experience of several builders and house-owners testifies 
that such a coating of oil will last four and even five years, very rarely longer, then becomes grayish, partially 
disappears and requires renewal, and so on repeatedly from period to period. Whenever such a front is taken down, 
it is found also that the greasy coating interferes with the free dressing of the block of stone. 

Paraffine dissolved in coal-tar naphtha (14 pounds to the gallon) and applied warm. This also discolors a/ 
light stone, and, although more lasting than oil, the protecting coats are gradually detached from the stone and 








a Notes on Build. Construction, Part III, etc. 6 Jour. Soc. Aris, London, 1860, Vol.6, p.245.  ¢ The Manufacturer and Builder, 1870, I, p- 78. 
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require renewal as frequently as those of paint. An apparently better method, which has been employed in our 
western cities, consists in brushing over the surface of the stone- or brick-work with melted parafiine, and then 
deepening its penetration by heating the surface by means of a broad charcoal stove or of a flame. By this the 
outer pores are thoroughly filled, with little or no discoloration; but the absence of injury to sharp edges, through 
the direct application of heat, and the permanence of the protection, are yet to be established. 

Soap and alum solutions (Sylvester’s process), consisting of three-quarters of a pound of mottled or soft soap in a 
gallon of boiling water, and a half pound of alum in 4 gallons of water. In England “this has been repeatedly 
tried and answers well in exposed situations, but requires a fresh application about every three or four years”. 

Beeswax in coal-tar naphtha, or, better, to preserve the color of the stone, white wax in double-distilled 
camphine. 

Rosin in turpentine, oil, wax, tallow, or other fatty substance, used as a boiling solution into which the stone 
is immersed and impregnated to the depth ordinarily of one inch after two hours. Also a solution of rosin in spirits 
of wine or naphtha, mixed with a solution of gutta-percha in naphtha. A common receipt consists of rosin, tallow, 
and oil, consisting of 14 pounds common rosin, 1 pound Russian tallow, and 1 quart linseed oil; applied hot. By 
this the stone becomes water-proof, the damp cannot enter, and vegetable substances are prevented from growing 
upon it. 

However, all such wax and oil varnishes are costly, liable to rapid oxidation, and sometimes impair in a high | 
degree the color and the natural characteristics of the stone. In New York city only oil and paint have been used 
for the purpose, to my knowledge, and are objectionable, not only on account of their transient effect, but because a 
surface, once so prepared, is rendered ever after incapable of absorbing preparations of the next class (inorganic), 
from which alone can be expected permanent protection of the durability of a stone. 

2. INORGANIC PREPARATIONS.— Water-glass, potassium or sodium silicate (Kuhlmann’s process), applicable 
only to the preservation of soft limestones and marble, or stones in which calcium carbonate predominates. 
The surfaces are previously colored to avoid discoloration. The silicate of alkali used should not be the ordinary 
water-glass with an excess of alkali, but one with the greatest possible amount of silica.(a) This was applied to 
the new houses of parliament, London, England, but the stone was so bad, or the water-glass so alkaline, that the 
result was not as satisfactory as was expected; also to the Louvre and cathedral of Notre Dame in Paris, France, 
Versailles, Fontainebleau, the city hall in Lyons, the cathedral at Chartres, etc. 

St. Charles church in Vienna, Austria, was fast going to destruction, but the decay has been arrested by means 

of this process. Potassium silicate was used, though more costly, because less likely to effloresce than the 
sodium salt; the two coats applied were perfectly transparent and left the color and the natural qualities of the 
stone unchanged. (bd) 
Water-glass and chloride of calcium or of barium (Ransome’s indurating solutions). The following directions are 
given for this process : Render the surface of the stone clean and dry; dilute the potassium or sodium silicate in from 
1 pint to 3 pints of soft water, just thin enough to be absorbed freely by the particular stone. Apply with a whitewash 
brush, say a dozen times, leaving no excess on the face, till it ceases to penetrate, and is about to remain glistening 
on the surface; allow it to dry perfectly, a clear day or so; then apply freely the solution of calcium chloride, 
brushing on lightly without froth. (c) 

Szerelmey’s stone liquid. Water-glass, combined with a temporary wash of some bituminous substance. 

Petrifying liquid of Silicate Paint Company. Barium solution, followed by ferro-silicic acid, or barium solution, 
followed by calcium superphosphate; soluble oxalate of aluminium, applied to limestones. The last three processes 
produce no efflorescence upon the stone. 

Wash of copper salts, as proposed and used by Dr. Robert, in Paris, to arrest the formation and growth of 
vegetation on the surface of stone. The results already reported imply a considerable aid in the preservation of 
building material, and may yet be found serviceable in New York to prevent the growth of conferve, ete., which 
find a favorite habitat as a green film upon the shaded surfaces of Nova Scotia stone, and, as especially observed 
in Central park, seem to exert a corrosive action upon them. 

In New York, various preservative preparations have been used within the last ten or fifteen years, styled “silica 
petrifying liquid”, “‘duresco,” ete., especially on the brick-work, but partly on the brownstone of many buildings 
(e.g., the brownstone of the Hvening Post building, four years ago; the brick factory in Twenty-eighth street, 
between Sixth and Seventh avenues; the brick-work in the rear of the Florence flats, Eighteenth street and Fourth 
avenue; the brownstone houses on southwest corner of Thirty-ninth street and Fifth avenue; the brick-work of the 
gables and top bed of all platforms in the balconies of the Union League club in Fifth avenue, etc.). In most cases 
these preparations, so far as tried, have resulted in complete failure, not arresting the exfoliation. 

To my knowledge, no investigation worthy of the name has yet been undertaken in this city for the protection 
of its stone-work, though there is every promise that a proper and low-priced preservative might be discovered, 
possibly even in the refuse of some of our chemical factories. If not for. the ashlar of the fronts, at least for the 








a For mode of preparation see The Manufacturer and Builder, 1871, III, 206: ‘‘ How to prepare soluble glass.” 
b Manufacturer and Builder, 1869, I, 82 
ce The Am. Arch. and Builder, 1877, II, 21, 38. 
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hewn stones employed for window-sills, string-courses, cornices, and moldings, it would seem false economy to use 
any porous stone, without every condition of protection to be found, in the form of its cutting and in the application 
of a suitable artificial preservative. 

It will doubtless be found that only those stones, which possess a porous texture and strong absorptive power 
for liquids, will be found particularly available for protection by artificial preservatives. In the spongy brown and 
light olive freestones, a marble full of minute crevices, and a cellular fossiliferous limestone, a petrifying liquid 
may permeate to some depth, close up the pores by its deposits, and incase the stone in solid armor; while upon a 
more compact rock, such as a granite or solid limestone, it can only deposit a shelly crust or enamel, which time 
may soon peel off. 

In this connection, therefore, three suggestions may be offered: 1st, that householders invoke the magic use 
of the broom on the fronts of their residences as carefully as upon the sidewalks; 2d, that house-builders insist 
upon the undercutting of all projections, and the exclusion of brackets or other supports to sills and cornices, which 
only lead to the oozing of water and a line of corrosion down the ashlar; 3d, that house-repairers recut the projections 
in this way, whenever possible, and entirely avoid the use of paint, oil, or other organic preservatives. 

If a rough estimate be desired, founded merely on these observations, of the comparative durability of the 
common varieties of building stone used in New York city and vicinity, there may be found some truth in the 
following approximate figures for the ‘“ life” of each stone, signifying by that term, without regard to discoloration 
or other objectionable qualities, merely the period after which the incipient decay of the variety becomes sufficiently 


offensive to the eye to demand repair or renewal: 


Life in years. 
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Within a very few years past it has become frequent to introduce rude varieties of rusticated work into the 
masonry of buildings in this city, or to leave the stone rough and undressed in huge blocks, especially in the 
basement or lowest stories, where it is under close and continuous inspection, and the results of its decay will be 
disguised by its original rough surface. Although there are certain large buildings in which such a massive 
treatment of stone may be appropriate, its common use, with stones of known feebleness or lack of durability, is a 
disingenuous evasion of responsibility and a mere confession of ignorance, want of enterprise, and. despair, in 
regard to the proper selection of building material and in regard to its protection. 

Finally, it may be pointed out that many of the best building stones of the country have never yet been 
brought into this city: e. g., siliceous limestones of the highest promise of durability, allied to that employed in 
Salisbury cathedral; refractory sandstones, like some of those of Ohio and other western states, particularly fitted 
for introduction into business buildings in the “‘dry-goods district”, storage houses, etc., where a fire-proof stone is 
needed ; and highly siliceous varieties of Lower Silurian saudstones! such as occur near ee Champlain, quartzitic 
and feed to work, like the Craigleith stone of Edinburgh, but possessing the valuable qualities of that fine stone in 
resisting Ae oration: notwithstanding its light color, and in remarkable resistance to disintegration. 

Asvit is, we have many and need many varieties of stone for our various objects, but do not know how to use 
them. It is pitiable to see our new buildings erected in soft and often untried varieties of stone, covered with 
delicate carvings of foliage and flower-garlands, which are almost certain to be nipped off by the frost before the 
second generation of the owner shall enter the house. It is now time for one who loves stone to express his 
indignation at the careless and wasteful way in which a good material is being misused. 

In conclusion, it is a point worthy of attention that there is at present a strong tendency among many owners 
of property, and therefore many builders and architects in New York, to entirely reject or greatly limit the use of 
stone in construction, both in the commercial district and in that which includes the better class of residences. 

In the commercial district granite was for some time a favorite material, and constitutes many of our most 
important buildings. Later it was largely supplanted by the white marbles brought from numberless quarries in 
Westchester county, western Massachusetts, and Vermont; but of late another pugs of taste and judgment has 
occurred, and it has been observed : 


The architects of the present generation found commercial New York an imitation of marble, either in cast-iron or in an actual 
veneer of white limestone. They are likely to leave it brick. 


392 BUILDING STONES AND THE QUARRY INDUSTRY. 


This city, and, to a large extent, Brooklyn, have passed the period in which frame buildings were permitted, 
though they never were as abundant as in the newer cities and towns of the west, on account of the large supply 
of brick-clays along the Hudson river, and the easy importation of bricks from Europe and from points along our 
own coast. In the reports of the fire-underwriters, the stone is disregarded as a mere veneer, and all such buildings 
are properly classified as brick. 

Less than 1 per cent. of our building material consists of stone, so that New York is now practically a city of 
brick. Examples of the preference now largely given to this material are found in many conspicuous structures 
which have recently risen in this city and Brooklyn: e.g., the storage buildings at Forty-second street and Lexington 
avenue; the Produce Exchange building in lower Broadway ; that of the Long Island Historical Society in Brooklyn, 
ete. 

The definite character and use of many of the most important avenues and entire districts are yet unsettled ; 
and there are abundant indications of cheap display, in fragile veneer and constructions of a temporary character, 
which are rendering this a period of shams. There are evidences, however, of the gradual recognition of the practical 
business advantages, in the way of creditand continuous patronage, which are derived from durable massive buildings, 
with solid and imposing facades, with which the business and namés of firms may yet be associated for centuries. 
The general acceptation of this idea will form the last period—that of stability—in the history of our great metropolis, 
and then there will be a proper and intelligent use and increased demand for the several varieties of stone. 

The present preference for brick is mainly due to the failure of granites and marbles to resist fire in the furious 
conflagrations in the tinder-boxes at Chicago and Boston—although brick walls as well become warped and useless 
in the re-erection of the buildings—and to a conclusion which appears to me hasty and uncalled for, from the 
unfavorable results of the experimental and unnatural trials, in fiery furnaces, of series of our building stones, by 
several investigators. Such a conclusion seems to be unwise and unfair, so long as our present habit of internal 
construction is aptly represented by the following description : 

Our buildings are, in truth, ingenious combinations of flues, greater or smaller, mostly of combustible substance, and commonly of 
thin material, set side by side across our floors and up our walls, opening out here and there into hollow spaces walled with wood, and 
out of ourreach. Every fire that occurs gives us new warning that our way of building is unsafe, All our common methods have been 
developed in the effort to attain one class of qnalities—lightness, quickness, and ease of construction, and economy, or rather cheapness. 
As usually happens to people whose aims are one-sided, we have got into trouble. Our buildings do not last; often they will not bear the 
use we put them to; they burn like straw. Other people have found out how to build better than we, but we like our own way, and we 
will learn nothing from them. We box our floors with thin plank set edgewise, our partitions with smaller pieces of the same stuff; we 
fur our walls with strips of the same. Then we case all in with thinner boards and friable plaster on still thinner lath. The building is 
a series of communicating flues partially protected outside, but wholly exposed within, through which fire and vermin may play at will, 
and through which we cannot trace them till they have done their mischief. All this is convenient and cheap, for it is quickly put up 
and takes little material. If we use iron, as we must, we make it hollow also for strength’s sake. This would do no harm if the hollows 
were no larger than they need be, and were properly closed in; but we build great boxes to simulate masses of stone, and we expose them 


to the fires of blazing wood which we know will destroy them. At the persuasion of underwriters we put up cornices of galvanized iron, 
which will not themselves burn, but which are thin shells turned upon wood, and will at once convey the fire behind them. (a) 


Add to all this our hatchways and elevator-shafts, by which a fire, starting in the basement, is conveyed at once 
to the attic, the beams of the wooden flooring often resting upon girders in the center of the building, as it were, a 
very house of cards—these girders, too, supported merely on slender stone piers in the basement, and on light iron 
pillars in the upper stories, and every floor filled with a mass of combustibles, especially in the “dry-goods district”; 
and we find an accumulation of materials in false and improper conditions, whose combustion will overcome the most 
refractory walls, and which should never be permitted to endanger human life and property in a so-called metropolitan 
city. On inquiry, I find among insurance men a unanimous conviction, decidedly and strongly expressed, that 
there is not in the city of New York a single absolutely fire-proof building—not one whose walls may not crumble 
before a storm of fire from without, or in which either flooring or partitions, or both, will not probably yield to the 
internal conflagration of their ordinary contents. A few edifices may approach the conditions required, but even 
in one of these a recent fire on the seventh floor, fed merely by office furniture, shriveled up the flimsy so-called 
‘‘fire-proof” partitions and gutted the entire floor. The very material, perforated brick, which was used in these 
partitions, is still being hurried into new “ fire-proof” buildings, now in process of construction in Fiftieth street and 
elsewhere. Nevertheless, it is generally admitted that much progress and great improvement have been made, during 
the last few years, both in the choice and arrangement of building materials for the protection of our buildings 
from fire; with an enlightened public opinion, much more may be expected. We have, fortunately, at our very 
doors, vast tracts of fire-proof materials—the belt of brick-clays along the Hudson river, and the still more’ extensive 
band of clays stretching across New Jersey, excellently adapted for all varieties of bricks, terra-cotta, and tiles, 
to say nothing of the resources of our commerce in the importation of similar materials from the whole Atlantic 
coast—which we ought to and must use for interior construction as a matter of the wisest economy, and, in association 
with which, our building stones, in all their variety and enormous supply, will find their proper place. When, at 
least in the business districts of the city, the interiors of the buildings are generally supplied with a minimum of 
wood, subdivided with tile, slate, or concrete flooring and doors, and sufficient partitions of brick or terra-cotta, 








a The Arch, and Build. News, 1879, V, 49. 
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and roofed with tile, slate, or concrete upon fire-proof backing or supports, the nature of the stone used for the 
exterior will matter little, so far as concerns protection from fire, since it will not be exposed then, as now, to the 
unnatural and unnecessary furnace-test of furious flames from neighboring buildings. 

The other objection to the use of stone, and one which has been specially prompted by the decay of the brownstone 
ashlar employed extensively in our buildings for private residence, is founded upon its lack of durability and speedy 
dilapidation or discoloration. The hasty statements of despairing architects, in denunciation of the brownstone, are 
sufficiently answered by reference to the texture of the still softer oolite, which medizval architects were content 
to employ, and whose fragility seems to have been at last counteracted by modern devices. When properinvestigations 
shall have been made, it is probable that the very porosity of the stone, which now renders it particularly sensitive 
to atmospheric attack, may best avail for the absorption of some cheap and durable mineral preservative, and that 
the present use of such stone in its raw, crude, and unseasoned state will be hereafter considered merely an evidence 
of the unintelligent and wasteful way in which we now work up our materials. Surely, since our city is placed in 
a region occupied on every side by inexhaustible supplies of sedimentary and crystalline rocks, remarkably well 
fitted for building construction, their surfaces scraped nearly bare by ice-action during the great glacial period, and 
thus most favorably exposed for economical exploitation, and the whole region is crossed by a radial network of routes 
of transportation by water and rail, at the least cost, centering in this city, the natural materials for building thus 
offered to us should not be hastily neglected or rejected, before théir nature has been thoroughly understood. 
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EXPORTATION OF STONE. 


Slate is now being quite largely exported to Australia and New Zealand; some to England and Germany, and 
some to South America and the West Indies. The most extensive exportations are perhaps to Australia. School 
slates are quite largely sent toGermany. Marble is exported to the British North American provinces, to the West 
Indies, and to Cuba; and the reports of the Philadelphia custom-house show that in 1878 marble was exported to 
England; in 1879 to Belgium, England, and Ireland; in 1880 to Belgium, England, and Japan. Soap-stone has 
been exported to England. Quite a large amount of Carrara marble is brought to the port of Boston and from there 
distributed to the British North American provinces. The reason why this is done under the double duty instead 
of being shipped direct to the market where it is consumed, is because large amounts of marble are shipped 
constantly to this country while these other markets receive but a small amount at a time; also because ships will 
bring cargoes for less money to Boston than to Halifax on account of being more certain of procuring a return 
cargo. These conditions account, in part at least, for the stone of foreign production that is shipped from the 
different ports of the United States. 


IMPORTATION OF STONE INTO THE UNITED STATES. 


The custom-house reports show the importation.of stone into the United States from nearly every country in 
the world. Itis well known, of course, what stone comes from Scotland, England, Ireland, France, Germany, Belgium, 
the British North American provinces, and from Italy, and it is also known that onyx has been imported from Mexico, 
marble from Spain and Portugal, etc., and that marble has been imported from Sicily, granite from Norway and 
Sweden and Russia, and marble from Africa, but itis not so easy to account for the stone that is imported from British 
West Indies, Honduras, Oentral America, Ouba, Hayti, South America, Holland, and Turkey. 

The only countries from which stone is constantly in the market in this country are Italy and Nova Scotia. 
The granite and sandstones from Scotland are imported for special orders. The same may be said of the granite 
imported from England and Ireland and the colored marbles from France and Germany—the brown sandstone of 
Germany, and the Caen stone of France. 

The statistics of the Philadelphia custom-house show a large amount of dressed marble imported from England. 
Some stone is brought as ballast from Brazil, and marble and manufactures of marble from the Danish West Indies and 
the Netherlands, Brazil, Belgium, Cuba, British West Indies, Sweden and Norway, and some manufactures of slate 
from Germany. It is also stated that marble has been imported from Nova Scotia and from Canada. Some stone 
is entered on the custom-house books as “ imported manufactured product”, which consists of various carved figures 
picked up by tourists in different parts of the world. This fact may account for stone imported from any country ; 
for instance, if a figure is carved in China and finds its way to Turkey, and is shipped from there to the United 
States, it will appear as the manufactured product of stone from Turkey. What the manufactures of stone are that 
have been shipped from South America and the West Indies could not be determined. Marble comes mostly in the ° 
unmanufactured state. The cost of labor is so much less in Italy than in this country that the Italian marble, after 
paying the cost of transportation and a duty of 50 cents per foot and 20 per cent. ad valorem, can be sold in New 
York about as cheap as the Rutland marble. The cost of transportation from Carrara, however, does not differ much 


trom the cost of transportation of a like amount from Rutland, Vermont. i 
é 
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BUILDING STONES AND THE QUARRY INDUSTRY. 


IMPORTS AND EXPORTS OF MARBLE AND STONE, BY COUNTRIES, FOR THE YEAR ENDING JUNE 30, 1881. 





















































IMPORTS. 
‘Marble and Marble and 
stone, and man- stone, and man- 
Countries from which imported. ufactures of, Countries from which imported. ufactures of, 
not elsewhere not elsewhere 

specified. specified. 
Total aoe sew te ee eee oe eh ean oe we tee tee ease amma $927,752 || Quebec, Ontario, Manitoba, and the Northwest territory ..-..---. $17, 420 
British: W est Indies, ....3. sscasesnscstsresesjaereuseceu shee maee 89 
Bel gim seco i= saccie viva n's “ins pann mamma noose so actrees ae 11,809 1) rong ones: dss sieeve ete wie ash seaeheden eae eee 857 
Chin ona sen cack es ccmnunas ecgeseen so ee enorme cyanea =asesaeebimns eal So 0S ern RT ome yf MAE ARE el aC 554, 210 
FLance --- 2222-22 == -eecee cone eee ennee oece ee wenn ee worn esennene enn 26, 842 Ih: Vanatin a) -coicae.tecewkvsine ecaasenbeonaunhtet bere tir a Tene 84 
French West Indies\.£-.. 5 2e -jeccov,tscsines «ececemesecescennss- 88 Nraxico Mt etek ees i Fhe eee Oe ee en 1, 603 
French possessions in Africa and adjacent islands. ...-...-...--. 28 | nratherlandicctee of co eel eo ee ee 4,487 
Germany ..---- 2222+ - 222 ee cane ne cece cee e ee cone ee nee ce ne ncneee 4 BOG Sada tet Oe uh coun ontn enc Seen eee eee 55 
England ..-.--.----------- 2220) ene e ee eee ee cee e eee teen eee 70, 802 | Oubar dc aes aso scces td ausdt eee see eee sa oe eee 5 
Scotland ve-ess sss ec sek ches oe eke seein e eee el ae ee 1h, 119 |) eC odentand NOCWAY «inne leseccnyeleed eee 74 
Treland, --<--++--/saneacerneasesessantape oteedes o-e5Sh = s4eaerases 98 {yell Gye ASE ee jecate ee nm os wie ems) ee eae ree 2 
Gibraltar .------------20-02 scenes secnee scenes scenes sanenrnesecnee £0 th Tinited States of Colombia .i.<..cca++tecescosuccece cleans aaron 25 

Nova Scotia, New Brunswick, and Prince Edward island .-....-- 119, 558 | > 

EXPORTS. 
MARBLE AND STONE. } MARBLE AND STONE. 
Countries to which exported. Countries to which exported. 
Rough or un- Manufact- || Rough or un- Mannufact- 

manufactured. ures of. manufactured. ures of. 
Total's. 2cecac chad aes sosee ses senate aces $220, 362 9409, 483'||| HON Kom i acecc a sn on Getlen ein tess cine St oy sae ant ate eee $150 
—— || British possessions in Africa and adjacentislands.|.............-.. 12, 003 
Argentine Republid <2 owe con cepencesecee eee reen| Meee see anaes 4,131 || British possessions in Australia...........-..---- $9, 100 77, 530 
Belgium - 0. cncas ssc. 20 cwanee eesens= sea seep me 176 2,407 || Hawaiian islands ..<...-...-.--2-.----5-0---020e-| ceness an sesenem 4, 363 
Brazil -)..lcg-ot covet oe enna eee ee 2, 500 1 OBB MRE ee aie oe eet se tead face eee eee cee 331 3, 846 
Central American states 2. .-se sence esses sesees| chasse eeeamamee 1, 800 i) balipr. pases cmctet emciencke sasinwa sie is oud ceaan:a seed ie = ete ene 350 
Chilis. 9-3-8554. 2528 iiisels seamen pe oeealesbea sek] saemieeaeete sent 2, 688} Sapam yo coke. Socccwlas asst eacseic elects cians <2 0\eaal ames cnlsresle tame 338 
Chin Gs. ong cde sid oo bie cidiaten MEER eee nine sels = sie ecient 45 || Liberia ...-.. 2... 22222222 eee e ee erence eee eee e|e eee e ee eee en ee 679 
Denmark. ..cs 2c deda saeco ance ee tee eowrsbanbaaeuslenen eee ecommerce 7,049 tl -MieSiGo! 25 ave ances. ate caeeenerecen eaters on cncwee 25 10, 948 
Danish: West Indies =e.---sq~sees=ecsesser <= === 42 126) |) Netherlands. its. .canesncssaebics hensccomaks dann a[ seca cae~aee eee 8, 225 
FLAN. 5:22 {+= 2000s salivoas teeemne seine cess ae 85 6, 145 | Dutch: Wiest Indies 2 2dcneso~ eeu - Sac ct naan sacane | ees ctmoenceomee 439 
French West Indies... -..-s-ce ee cee aeemes oe =e = 84 3. |) Datch Guiana . o5- cccc item ee phe weeks oe kneel een nae sewaceees 715 
Miquelon, Langley, and St. Pierre islands........|..........-..... 129) Dotol Kast Indies ses cette onan e eee eee eee tone 130 
French ‘possessions; ‘all other ceeesca-nsoess= 2-55 502s s ens = sees 136 || Portugal viss-c-secdacscdscalessca rn sce ssccecasacoslyauews seaneeeee 234 
Germany (0256-52 225 fe ta eee eres ares 3, 220 28, 207 || Azores, Madeira, and Cape Verde islands --.-.-..|...-.-.-----.--- 198 
England) .c20.< 25 52-5 -a0= a-bepereees sees o- enee 4, 581 113; B20q): Russia, -A siatie ses. cee setts Sesce'saecns ~cacsece sc leneasaceseen ieee 148 
Scotland 2-5.) 23. i22c2c— eee eee eee aioe 280 BOGS.) San DOMINGO saci deg veo cleserohe gaaiec ve oe a este! da ee ale ene 359 
Treland 22 202. s25< ccrancince seem eeemetteeteanesawec| scene cniace slams 7,840) Spalnces ase cman ce wmsaaaiiccises's gece ssises evs ass.gces brennee omeeonremne 38 
Nova Scotia, New Brunswick, and Prince Edward DS tee Gaetan mam ate meena wn enlaces ae ees 15 14, 339 
StI ee <p sins ie ae ame ane 6, 517 5; BOSH Morty Mice its v fcc doe. nlc leacs elves: Sehee ee eee 2, 969 
pyar tear re) mene toro besd Seda 194, 061 59, 942 || Spanish possessions, all other.......--.--.-+--++-|s-+s-eeeeeeeeees 163 
British Colambia(.s< A. vo ae eet oP ca deg 1, 667 || Sweden and Norway........-.---.-00-eseoseeses|ecnenceccasences Ta 
Nowfoundlandiand: Laprador eae 363 253 United States of Colombia.......-..--...---..--- 32 5, 41£ 
British West Indies. -52-< -.est emeetnen ee a=na ye eel sewn euc nasa ana 13, 390 Uruguay «-----------se02es sereees sos nennacaccnen|ereerescscssnees 910 
British Guiana! icc. ies dc ds cmeo terete peer ameena| Sosa ce cae scceeee 1, 577 Venezuela oe popes Sas Sse anita oh) 2 9 Vee ek i aa 3, 946 
British Honduras...:2.,/t2ecaee MABE bree ots coer aga | Seta orntrice and ports tn Sn eee aae ee ) 











EGYPTIAN BRECCIA. 


The very celebrated universal breccia of Eygpt is composed of rounded pebbles of most diverse forms, color, 


and material. 


It occurs about 12 leagues to the east of Kéné, in the Arabian chain of mountains, not far from the 
valley of Kossier, and on the railroad going from the Nile to the Red sea. 


The Egyptians have extracted from it 


some immense blocks—such as the antique sarcophagus of Alexander, which was 15 millimeters in circumference, 


and which was covered with hieroglyphics and delicate sculptures. 
great number of such monuments at the time of the Pharaohs, and they themselves quarried this breccia. 


The Romans carried away from Egypt a 
One 


can regard the universal breccia of Egypt as one of the hardest stones, one of the richest in color, and one of the 


most beautiful. 


Almost all the museums in the world contain statuary or ornamental constructions of some 


kind cut from this rock. The variety which appears to have been most admired by the ancients had a green color. 
The essential components of this variety were fragments of argillitic schist and porphyry, with here and there a 
pebble of granite, which, being much harder than the others, rendered the rock very difficult to work. This rock 
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is not at all uncommon or confined to Egypt; a Grecian rock has been brought into the market which very closely 
resembles it. From Hainaut, in Belgium, a rock has been obtained which is nearly the same as that found in the 
Devonian formation in the southern Vosges; and at still other places this rock has been obtained. 
We can increase the list by calling attention to some of the American varieties (Boston conglomerate). 
(Delesse, p. 24.) 
CHLORITE ROCK. 


Rocks composed of chlorite are found in various parts of the world, and are used for ornamental constructions, 
especially for making smaller objects which can be turned with a lathe. These are the stones which are called by the 
French pierres ollaires. No rocks of this nature have thus far been brought to our attention in the United States. 
A chlorite from Potton, in Lower Canada, has been used. It is found in beds of Lower Silurian age lying 
immediately upon the Laurentian rocks; it is associated with dolomite or serpentine, and, like the latter rock, it 
contains some chromate of iron. (Delesse, p. 27.) 


ALGERIAN ALABASTER. 


In his geological explorations of the province of Oran, M. Ville found at Ain Tembalek, near, the Ysser, five 
deposits of a very curious alabaster. M. Delmonte, who was a marble-worker at Carrara at one time, who had 
admired this marble in ancient monuments, the origin of which was unknown to him, explored it and introduced 
it into market, and it is now called the Algerian alabaster. It is a fibrous calcite, veined and translucent, and has 
especial properties. It has a horizontal stratification, while the ordinary alabaster is concentrically banded—a 
circumstance arising from its concretionary formation in cavities, or often stalactites. Heated, it becomes brown, 
owing to its contents of iron carbonate; some specimens are red, some golden, yellowish, or brown, some pure 
white, and some a mixture of all these colors; specific gravity, 2.728. Itis so compact that it is more difficult to cut 
than ordinary marble. It stands the weather very well, as a column found in an ancient quarry demonstrates. It 
forms extensive beds, which are regularly and horizontally formed, having a post-Tertiary origin, since it rests on 
Tertiary deposits, and lies between layers of a sweet-water formation, or travertine, which is abundant in little 
basins in the province of Oran; and the Algerian alabaster is simply a: modification of this travertine. 

The Romans, who brought the materials for decoration from all parts of the world, have explored the Algerian 
alabaster upon a grand scale. The Turks also explored the same quarries, and adorned their mosques with 
materials from them. It bas been used in mosaics, and even for statuary. 


ITALIAN MARBLE (CARRARA),. 


According to Consul Robert W. Welsh, (a) from 125,000 to 150,000 tons of marble are sent out from Carrara to 
various parts of the world every year, but it is all sold for cash. The sale of the marble, the delivery of it at the 
railway station or at Leghorn or Genoa, and the receipt of the cash equivalent, make up the entire commercial 
business of the place. 

Carrara marble is a luxury, and the demand for it depends upon the condition of ‘the times” in the various 
countries to which it is exported. The condition of the world has been such that the only country with which 
dealers in Carrara marble had a good trade in 1879 was the United States. 


STATEMENT OF THE EXPORTATION OF MARBLE FROM THE CONSULAR DISTRICT OF CARRARA IN THE YEAR 1879. 





; Tons. 
falar Lorinser Gaeta) sae Sere See eA ea eta en Meret ee ne ic ccinel oe cto mels wim ae shalclainte aeett<ie aicis aa piste rsiawsin ee'sie Sonia 76, 370 
ST Teh DO a Bee eancdnoad oSeAe Gocaaadocu SUS Send coBdid GSE ee UEEIE Hee BEDEOGISCC Bae ch spon OSE E Bese e 20, 526 
Worked marble...... ere ard ae Ne ne Sateen eRe ote a eee ae hats Civcinia A cicls dave s\cinig a6 sis/cistaincicsisiela = fia als'aie sem ins eiatele 37, 538 

NL Ls Ba OR tpn ASE) dene einen cons PSEC HE D6 OScb Os bo a aRdecuaciiGcd Godibes RaBooeRuC HAE So ah ooenes core 134, 434 








STATEMENT OF THE EXPORTATION OF ALL KINDS FROM 1872 TO 1879, INCLUSIVE (CARRARA). 





Tons. 

See hc et ee a ee ROME ha Ys clase wccaedses Bind ans ceeemed 116, 061 
Les cree oe cs op cond swe cients a eae = se eeinisemempasinsiaicse iva ccws acu ceciscesicclena sing Jue watniecainads 117, 115 
Ties 2 ee ot PS Is 5 ane peta mtetelete aim stale ete rate nals inten ofa a wie w!510 od Oe mae aicaleg ae win n'gia'e's witeicisle ses) s = 117, 282 
Peg es 2. ons eh ne oat ae SE gos os oh sat bewcde aac occleehecsdecncau tens 121,774 
7 ens a weed sewlumaicos ctve omeGiomeeeeee Sie esc.c ae vein pee cena dmisins seeeciciacslece a cesean = 103, 511 
Wer. 2, SRR IS >) a ee ee fe Oe se REN 118, 938 
1 ee uo oie lela eee Sree eee ee ln ae a 'w0,5 wia'a.a ccielalvlic'elewia fe visio ginielv,wiaisie \o~ ace u ielersj= 105, 019 
LS ee cco k oa eee ste ak <M inn own ce eden salesacns spacSeles cinta asee ciee cc elees 134, 434 

a i... a eee gt ME ee els aweame tnieeiies s err sek eee ane L od 934, 134 








The above statements are taken from the Corriere Carrarese. 








a Report to State Department, October 31, 1880. 
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Agencies of destruction of building stones, chemical, external, mechani- 
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